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THE MINISTER OF INFRASTRUCTURE AND TRANSPORT

in concert with

THE INTERIOR MINISTER

and

THE HEAD OF THE CIVIL DEFENCE DEPARTMENT
HAVING REGARD TO Law No 1086 of 5 November 1971, containing “Standards for the regulation of works in reinforced, normal and pre-stressed concrete and steel frameworks”; 
HAVING REGARD TO Law No 64 of 2 February 1974, containing “Provisions for constructions with particular requirements for seismic zones”; 
HAVING REGARD TO Law No 317 of 21 June 1986, containing the “Information procedure in standards and technical regulations and rules relating to services of the information society in the implementation of Directive 98/34/EC of the European Parliament and of the Council of 22 June 1998, amended by Directive 98/48/EC of the European Parliament and of the Council of 20 July 1998”;
HAVING REGARD TO Regulation (EU) No 305 of the European Parliament and of the Council of 9 March 2011, laying down harmonised conditions for the marketing of construction products and repealing Council Directive 89/106/EEC;
HAVING REGARD TO Legislative Decree No 112 of 31 March 1998, “Transferring administrative functions and duties of the national government to the regions and local authorities in implementation of Chapter I of Law No 59 of 15 March 1997”;
HAVING REGARD TO Presidential Decree No 380 of 6 June 2001, containing the “Consolidated text of legislative provisions and regulations on construction”; 
HAVING REGARD TO Decree-Law No 136 of 28 May 2004, converted by amendment to Law No 186 of 27 July 2004, and in particular Article 5(1), which provides that the High Council of Public Works in concert with the Department of Civil Defence should prepare technical regulations, including seismic and hydraulic verifications, relating to structures, as well as to the design, construction and modernisation (including seismic and hydraulic) of dams and bridges, and to the consolidation of foundations and earthworks, to ensure uniform standards of safety;
HAVING REGARD TO the decree of the Minister for Infrastructure and Transport of 14 January 2008, with which the “New technical standards for buildings” were approved, published in Ordinary Supplement No 30 to Official Gazette No 29 of 4 February 2008; 
HAVING REGARD TO the decree of the Minister for Infrastructure and Transport of 26 June 2014, containing the “Technical standards for the design and construction of containment structures (dams and barriers),” published in the Official Gazette, General Series No 156 of 8 July 2014;
WHEREAS there is the need to proceed with the previous update of the “New technical standards for buildings” referred to in the cited Ministerial Decree of 14 January 2008; 
HAVING REGARD TO Vote No 53, whereby the General Assembly of the High Council of Public Works at the meeting of 14 November 2014 approved the update of the “New technical standards for buildings,” referred to in the cited Ministerial Decree of 14 January 2008; 
HAVING REGARD TO Note No 7889 of 27 February 2015, whereby the President of the High Council of Public Works has provided the Legislative Office of the Ministry of Infrastructure and Transport with the aforementioned update of the new technical standards for buildings, passed by the General Assembly of the High Council of Public Works; 
HAVING REGARD TO Article 52 of the aforementioned Presidential Decree No 380 of 2001, which provides that in all municipalities of the republic, all public and private structures shall be built in compliance with the technical regulations concerning the different construction elements as set out by decrees of the minister for infrastructure, in concert with the interior minister if the technical standards concern construction in seismically active areas;
IN SO FAR as Article 5(2) of said Decree-Law No 136 of 2004 provides that technical standards are enacted by procedures as set out by Article 52 of the aforementioned Presidential Decree No 380 of 2001, in concert with the Department of Civil Defence;
HAVING REGARD TO Article 54 of the aforementioned Legislative Decree No 112 of 1998, which provides that certain functions of the government, such as the setting out of national technical standards for works of reinforced concrete and steel and structures built in seismically active areas, shall be undertaken in agreement with the Joint Conference;
HAVING REGARD TO Article 93 of the aforementioned Legislative Decree No 112 of 1998, which provides that certain functions of the government, such as the general criteria for the identification of seismically active areas and the technical standards for construction in those same areas, are to be undertaken in consultation with the Joint Conference;
HAVING REGARD TO Article 83 of the aforementioned Presidential Decree No 380 of 2001, which provides that the safety of all structures that might affect public safety and that are to be built in seismically active areas shall be governed by, in addition to the provisions set out in Article 52 of the same Presidential Decree No 380 of 2001, specific technical standards to be enacted by decrees of the minister for infrastructure and transport, in concert with the interior minister, after consulting the High Council of Public Works, the National Research Council and the Joint Conference;
HAVING REGARD TO the agreement expressed by the Head of the Department of Civil Defence with Circular No CG/0006287 of 26 January 2017, pursuant to the aforementioned Article 5(2) of Decree-Law No 136 of 2004; 
HAVING REGARD TO the agreement expressed by the Minister for the Interior with Circular No 0000808 of 17 January 2017, pursuant to Article 1(1) of the aforementioned Article 52 of Presidential Decree No 380 of 2001; 
HAVING CONSULTED the National Research Council with Circular No 73455 of 3 November 2016, pursuant to the aforementioned Article 83 of Presidential Decree No 380 of 2001;
HAVING OBTAINED the agreement of the Joint Conference at its meeting of 22 December 2016, pursuant to the aforementioned Article 54 of Legislative Decree No 112 of 1998;
IN SO FAR as the draft decree has been notified through the Ministry of Economic Development to the European Commission, pursuant to Directive 2015/1535 of the European Parliament and of the Council of 9 September 2015, and as the mandatory standstill period, as referred to in Article 6(1) of the same Directive, ended on 8 May 2017; 
WHEREAS there is the need to define the scope of application of the technical standards, also concerning works with approved final design, working drawings and specifications and works in progress, in compliance with the aforementioned vote No 53/2014 of the High Council of Public Works;
HAVING ASCERTAINED compliance with the notification obligations under Articles 15(7) and 39(5) of Directive 2006/123/EEC of the European Parliament and of the Council, of 12 December 2006, on services in the single market;
HEREBY DECREES
Article 1
(Approval)
1. The updated text of the technical standards for buildings, as set out in Law No 1086 of 5 November 1971, Law No 64 of 2 February 1974, Presidential Decree No 380 of 6 June 2001, and in Decree-Law No 136 of 28 May 2004, converted, by amendment, to Law No 186 of 27 July 2004, is annexed to this decree. These rules shall replace those approved by the Ministerial Decree of 14 January 2008. 
Article 2 
(Scope of application and transitional provisions)
1. Within the scope of application of Legislative Decree No 50 of 18 April 2016, for ongoing public or utility works that have already been awarded public contracts, as well as for works that have already been awarded with final designs and working drawings and specifications before the date of entry into force of the technical standards for buildings, as set out in Article 1, the existing technical standards for buildings may continue to apply until the completion of the works and static testing of the same. With reference to the second and third instances relating to a previous period, said faculty is to be exercised only if delivery of works takes place within five years of the date of entry into force of the technical standards for buildings as set out in Article 1. With reference to the third instance referred to above, said faculty is to be exercised only for plans drawn up in accordance with the technical standards as set out in the Ministerial Decree of 14 January 2008.
2. For private works for which structural work is ongoing or for which the working drawings and specifications have already been submitted, in accordance with applicable legislation, to the competent offices before the date of entry into force of the technical standards for buildings as set out in Article 1, the existing technical standards for buildings may continue to apply until the completion of the works and static testing of the same.
Article 3
(Entry into force)
1. The technical regulations referred to in Article 1 shall enter into force 30 days after the publication of this decree in the Official Journal of the Italian Republic.
This decree and its attachments are published in the Official Journal of the Italian Republic.
THE MINISTER FOR INFRASTRUCTURE AND TRANSPORT
THE MINISTER OF THE INTERIOR
THE HEAD OF THE CIVIL PROTECTION DEPARTMENT
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CONSTRUCTION TECHNICAL STANDARDS
Approved by Ministerial Decree of 17 January 2018
Updated text of the technical standards for buildings, as set out in Law No 1086 of 5 November 1971, Law No 64 of 2 February 1974, Presidential Decree No 380 of 6 June 2001, and in Decree-Law No 136 of 28 May 2004, converted, by amendment, to Law No 186 of 27 July 2004 (*).
These rules shall replace those approved by the Ministerial Decree of 14 January 2008.
(*) opinion of the Higher Public Works Council No 53/2012, expressed in the General Assembly meeting of 14 November 2014
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CHAPTER 1.
PURPOSE
 TC " CHAPTER 1 – PURPOSE" \f C \l "1" 
INTRODUCTION
These technical standards for buildings are issued pursuant to Law No 1086 of 5 November 1971 and Law No 64 of 2 February 1974, combined in the consolidated text for construction as set out in Presidential Decree No 380 of 6 June 2001 and Article 5 of Legislative Decree No 136 of 28 May 2004, and converted into law by amendment to Article 1 of Law No 186 of 27 July 2004 and subsequent modifications and integrations. 
1.1
PURPOSE
These technical standards for buildings define the principles for the design, implementation and testing of buildings, as regards the performance required of them in terms of the essential requirements of mechanical resistance and stability, even in the event of fire, as well as durability. 
Therefore, these standards provide general safety requirements, specifying the actions that should be taken in the design, defining the characteristics of the materials and products and, more generally, dealing with aspects related to the structural safety of constructions. 
Concerning the applicable guidance for obtaining the prescribed performance, for matters not expressly specified in this document it is possible to refer to regulations of proven validity and to other technical documents listed in Chapter 12. In particular, those provided by the Eurocodes with the National Appendices thereof constitute guidance of proven validity and provide applicable systematic support for these standards.
CHAPTER 2.
SAFETY AND EXPECTED PERFORMANCE
 TC " CHAPTER 2 - SAFETY AND EXPECTED PERFORMANCE" \f C \l "1" 
2.1.
BASIC PRINCIPLES 
Structural components and constructions should be designed, implemented, tested and subjected to maintenance in such a way as to allow for their intended purpose in an economically sustainable manner and with the level of safety provided for by these standards. 
The safety and performance of a construction or part thereof should be assessed in relation to the limit states that may develop during its design working life, as set out in § 2.4. A limit state is defined as a condition that if exceeded will result in the construction no longer satisfying the requirements listed in these standards. 
In particular, as stated in the specific chapters, constructions and various structural typologies should satisfy the following requirements: 
-
safety against ultimate limit states (ULS): capacity to avoid collapse or loss of equilibrium and severe disruption, either total or partial, that might compromise the safety of persons, lead to the loss of assets, cause serious environmental and social damage, or put the construction out of service; 
-
safety against serviceability limit states (SLS): ability to ensure anticipated performance under operational conditions; 
-
fire safety: capacity to ensure anticipated structural performance for a required period in the event of fire;
-
durability: capacity of the building to maintain, during its design working life-cycle, the levels of performance for which it was designed, taking into account the environmental characteristics of its location and the planned level of maintenance;
-
robustness: capacity to avoid disproportionate damage relative to the possible extent triggered by exceptional events such as explosions and impacts. 
The act of exceeding an ultimate limit state is of an irreversible nature. 
The act of exceeding a serviceability limit state can be of a reversible or irreversible nature. 
For existing constructions it is possible to refer to safety levels different from those of new works. and it is also possible to only consider ultimate limit states. More details are provided in Chapter 8.
Materials and products, in order to be suitable for use in constructions provided for by these standards, shall be subject to acceptance procedures and experimental tests. Testing and acceptance procedures are defined in these standards in the specific parts concerning materials. 
The supply of components, systems or products used for structural purposes should be accompanied by an installation and maintenance manual attached to the construction documentation. Construction or installation systems, components and products that do not form part of the structural complex but that carry out independent static functions should be designed and installed in compliance with the safety levels and performance indicators prescribed below. 
The actions to be taken into account should be carried out in accordance with what is stated in the relevant chapters of these standards. In the absence of specific guidance, appropriate investigations should be carried out, perhaps even of an experimental nature, or documents of proven validity should be used, both statutory and non-statutory. 
2.2.
REQUIREMENTS FOR STRUCTURAL WORKS
2.2.1.
ULTIMATE LIMIT STATES (ULS)
The main ultimate limit states are listed below: 
a)
loss of equilibrium of structure or part thereof, considered as rigid bodies;
b)
excessive displacement or deformation;
c)
reaching the maximum capacity for parts of structures, connections, or foundations; 
d)
reaching the maximum capacity for the structure as a whole; 
e)
reaching a condition of irreversible kinematic motion; 
f)
attaining failure mechanisms on the land; 
g)
failure of structural members and connections from fatigue; 
h)
failure of structural members and connections from other time-dependent factors;
i)
instability of parts of the structure or the structure as a whole; 
Other ultimate limit states are considered by taking into account the specific circumstances of individual constructions; in the presence of seismic action, ultimate limit states include lifesaving limit states (LLS) and collapse limit states (CLS), as specified in § 3.2.1. 
2.2.2.
SERVICEABILITY LIMIT STATES (SLS)
The main serviceability limit states are listed below: 
a)
local damage (e.g. excessive cracking in the concrete) that may reduce the durability of the structure, its efficiency or its appearance; 
b)
displacements and deformations that may limit the use of the building, its efficiency and its appearance; 
c)
displacements and deformations that may compromise the efficiency and the appearance of non-structural elements, equipment and machinery;
d)
vibrations that may compromise the use of the building; 
e)
damage from fatigue that may compromise the building’s durability; 
f)
corrosion and/or degradation of materials over time or as a result of environmental exposure that may adversely affect their durability.
Other limit states are considered by taking into account the specific circumstances of individual constructions; in the presence of seismic action, serviceability limit states include operational limit states (OLS) and damage limit states (DLS), as specified in § 3.2.1.
2.2.3.
FIRE SAFETY
When necessary, the risks arising from fires should be reduced by designing and constructing buildings in such a way as to guarantee the resistance and stability of their load-bearing elements, as well as to limit the propagation of fire and smoke. 
2.2.4.
DURABILITY
An adequate level of durability can be guaranteed by designing the building and its specific maintenance in such a way that the degradation of the structure that may arise during its design working life does not reduce the performance of the construction below the level expected.
This requirement can be satisfied by taking appropriate established measures that account for the anticipated environmental conditions and maintenance and are based on the particularities of individual projects, such as:
a)
the appropriate choice of materials; 
b)
the appropriate dimensions for structures; 
c)
the appropriate choice of construction components; 
d)
the adoption of construction and structural types that allow for the inspection of structural parts, where possible; 
e)
the planning of protection and maintenance measures; or, when these are not available or possible, designing so as to ensure that the deterioration of the building or of the materials that make it up will not cause its collapse; 
f)
the use of products and components clearly identified in terms of mechanical-physical-chemical characteristics, critical to safety evaluation, and equipped with suitable qualifications as specified in Chapter 11; 
g)
the application of substances or protective coatings for materials, especially in places no longer visible or difficult to inspect following completion of the construction; 
h)
the adoption of control systems, passive or active, suitable for activities and events which the construction may be subject to.
Environmental conditions should be identified during the design phase in order to assess their relevance as regards durability.
2.2.5.
ROBUSTNESS
An adequate level of robustness, in relation to the anticipated use of the building and the consequences of its possible collapse, can be guaranteed by implementing one or more of the following design strategies: 
a) designing a structure fit for withstanding exceptional actions of conventional nature, combining nominal values of exceptional actions with other explicit design actions;
b) preventing the effects generated by exceptional actions to which the structure may be subject, or reducing their intensity;
c) adopting a structural style and type that is not sensitive to the exceptional actions under consideration;
d) adopting a structural style and type capable of tolerating localised damage caused by an action of an exceptional nature;
e) implementing structures that are as redundant, resistant and/or ductile as possible;
f) adopting control systems, passive or active, that are suitable for the activities and events to which the construction may be subject.
2.2.6.
VERIFICATIONS 
Structural works should be verified unless otherwise stated in specific sections of these standards: 
a)
for ultimate limit states that may arise; 
b)
for serviceability limit states defined in relation to services to be provided;
c)
when needed, with regard to the effects resulting from thermal actions connected with the onset of fire.
Monitoring of structural works should be outlined in project documentation, with reference to the prescribed mechanical characteristics of materials and the geotechnical characteristics of the land, determined – where specified by these standards – following specific investigations. When necessary, the structure should be checked at intermediate stages, taking account of the anticipated construction process; checks for these transitional situations are generally only carried out with regard to ultimate limit states. 
For constructions that manifest situations significantly different from those in their designs during the construction period, the required relevant checks should be carried out.
2.3.
SAFETY ASSESSMENT 
The criteria for the limit state semi-probabilistic method, based on the use of partial coefficients applicable in the majority of cases, are provided below; this method is ranked as level 1. For constructions of particular importance, higher-level methods can be adopted, taken from technical documentation of proven validity, as set out in Chapter 12.
With the limit states method, structural safety in relation to ultimate limit states should be checked by comparing the design capacity Rd, in terms of resistance, ductility and/or displacement of the structure or of the structural member, according to the mechanical characteristics of the materials that make it up (Xd) and the nominal values of the geometric quantities concerned (ad), with the corresponding design value of the effect of actions Ed, according to the design values of action (Fd) and the nominal values of the geometric quantities of the structure concerned.
Safety monitoring with regard to ultimate limit states (ULS) is expressed by the formal equation: 

Rd ≥ Ed
[2.2.1] 
The design value of the resistance of a given material Xd is, in turn, based on the characteristic value of the resistance, defined as a 5 % fractile of the statistical distribution of the amount, through the expression: Xd = Xk/γM, where γM is the partial factor associated with the resistance of the material.
The design value of each of the forces acting on the structure Fdis obtained from its characteristic value Fk, understood as a 95 % fractile of the statistical distribution or as a value characterised by an assigned period of return through the following expression: Fd =γFFk where γF is the partial factor relative to the actions. In the case of a combination of multiple variable actions of different origins, a material variation value (0 Fk is defined, where (0≤1 is an appropriate coefficient of material variation, taking into account the reduced probability that more actions of different origin occur simultaneously with their characteristic value.
Quantities characterised by distributions with coefficients of variation less than 0.10, or quantities that do not unequivocally concern resistance or actions, can be considered as nominal values, corresponding with average values.
The characteristic values of physical-mechanical parameters of materials are defined in Chapter 11. For constructions and geotechnical system safety, the characteristic values of physical-mechanical parameters for soil are defined in § 6.2.2.
The ability to ensure anticipated performance under serviceability conditions (SLE) should be monitored by comparing the limiting design value associated with each aspect of functionality examined (Cd) with the corresponding design value of the effect of actions (Ed) through the following formal expression: 

Cd ≥ Ed
[2.2.2]
2.4.
DESIGN WORKING LIFE, CLASSES OF USE AND REFERENCE PERIOD
2.4.1.
DESIGNworking life
The design working life VN of a construction is conventionally defined as the number of years for which it is anticipated that constructions, provided they are subject to the required maintenance, will maintain their specific performance levels. 
The minimum values of VN to be adopted for different types of buildings are set out in Table 2.4.I. These values may also be used to define time-dependent actions. 
Table 2.4.I – Minimum values of the design working life VNfor different types of buildings 
	
	TYPES OF BUILDINGS
	Minimum values of VN(years)

	1
	Temporary and provisional buildings
	10

	2
	Buildings with ordinary performance levels 
	50

	3
	Buildings with high performance levels 
	100


Buildings or parts thereof that can be dismantled with the intention of reuse are not to be considered temporary buildings. For new construction works for which the design construction phase is anticipated to span a duration equal to PN, the working life related to this phase of construction, for the purposes of the evaluation of seismic actions, should be assumed to be no less than PN, and in any case no less than 5 years. 
Seismic monitoring of constructions of type 1 or constructions at the construction stage may be omitted when the project anticipates that such condition will persist for less than 2 years.
2.4.2.
CLASSES OF USE 
With reference to the consequences of an operational interruption or a possible collapse, buildings are subdivided into classes of use defined as follows: 
Class I:
Buildings where people are only occasionally present; agricultural buildings. 
Class II:
Buildings used by normal numbers of people, without contents that are a risk to the environment and without essential public and social functions. Industries performing activities that are not harmful to the environment. Bridges, structural works and road networks not in class III or class IV; rail networks the interruption of which would not create an emergency situation. Dams the collapse of which would not have significant consequences. 
Class III:
Buildings used by significant numbers of people. Industries performing activities that are harmful to the environment. Non-urban road networks that do not fall under class IV. Bridges and rail networks the interruption of which may result in emergency situations. Dams the collapse of which would have significant consequences. 
Class IV:
Buildings with important public or strategic functions, which are also connected to the management of civil protection in the event of disaster. Industries performing activities that are particularly harmful to the environment. Type “A” or “B” road networks as stated in Ministerial Decree. No 6792 of 5 November 2001, “Functional and geometric standards for road construction,” and of type “C” when belonging to connecting routes between regional towns also not served by type “A” or “B” roads. Bridges and railway networks of critical importance for maintenance of communication channels, particularly after a seismic event. Dams connected to the functioning of aqueducts and electrical plants.
2.4.3.
REFERENCE PERIOD FOR SEISMIC ACTION
Seismic actions on buildings are evaluated in relation to a reference period VR that is obtained, for each type of construction and for each type of building, by multiplying the design working life VN by the coefficient of use CU:

VR = VN ∙ CU
[2.4.1] 
The value of the coefficient of use CU is defined, depending on the class of use, as shown in Table II. 2.4.II. 
Table 2.4.II – Coefficient of use values CU
	CLASS OF USE
	I
	II
	III
	IV

	COEFFICIENT CU
	0.7
	1.0
	1.5
	2.0


For buildings housing activities with a significant risk of accidents, CUvalues even higher than 2 should be adopted, in relation to the consequences for the environment and for public safety caused by the reaching of limit states.
2.5.
ACTIONS ON BUILDINGS 
2.5.1.
ACTION CLASSIFICATION 
An action is defined as any cause or set of causes capable of inducing limit states for a building. 
2.5.1.1
Classification of actions according to how they take place 
a)
direct:
concentrated forces and evenly distributed loads, fixed or mobile;
b)
indirect:
imparted displacements, variations in temperature and humidity, shrinkage, pre-stressing, subsidence of bearings, etc. 
c)
degradation:
-
endogenous: natural alteration of the materials that make up the structural works; 
-
exogenous: alteration of the characteristics of the materials that make up the structural works as a result of external agents. 
2.5.1.2
Classification of actions according to the structural response 
a)
static: actions applied to the structure that do not cause significant acceleration of the same or of any of its parts; 
b)
pseudo-static: dynamic actions that can be represented by an equivalent static action; 
c)
dynamic: actions that cause significant acceleration of the structure or its components. 
2.5.1.3
Classification of actions according to variations in their intensity over time 
a)
permanent (G): actions that take place over the entire design working life of the building, and whose variation in intensity over time is very slow and modest: 
-
the weight of all the structural elements themselves; the weight of the ground, when applicable; forces induced by the ground (excluding the effects of varying loads applied to the ground); forces resulting from water pressure (when it occurs constantly over time) (G1); 
-
the weight of all non-structural elements themselves (G2); 
-
imparted displacements and deformations including shrinkage; 
-
pre-stressing (P).
b)
variables (Q): actions that occur with instantaneous values that can appear significantly different between one another over the course of the working life of the building: 
-
overburden; 
-
wind forces; 
-
snow actions; 
-
temperature actions. 
Variable actions are referred to as long-term if they act with a significant intensity, even if not continuously, for a significant period of time in relation to the working life of the building. Variable actions are referred to as short-term if they act for a short period of time in relation to the working life of the building. Depending on the site where the building is being constructed, a similar climate action can be either long- or short-term. 
c)
exceptional (A): actions that occur only exceptionally over the course of the working life of the building; 
-
fires; 
-
explosions;
-
shocks and impacts; 
d)
seismic (E): actions stemming from earthquakes. 
When relevant, in the evaluation of the effect of actions, it is necessary to take into account the time-dependent behaviour of materials, such as their viscosity. 
2.5.2.
CHARACTERISATION OF ELEMENTARY ACTIONS 
The design value of each of the forces acting on the structure Fdis obtained from its characteristic value Fk, as indicated in § 2.3.
In accordance with the definitions in § 2.3, the characteristic value Gkof permanent actions characterised by distributions with coefficients of variation less than 0.10 can be assumed to correspond with the average value.
In the case of variable actions characterised by distributions of extreme time-dependent values, that value characterised by an assigned period of return is assumed as a characteristic value. For environmental actions (snow, wind, temperature), the period of return is set to 50 years, with a corresponding probability of exceeding this frequency of 2 % annually; for actions from traffic on road bridges, the period of return is conventionally assumed to be 1 000 years.
In the definition of combinations of actions, Qkjrepresents variable actions of a different nature that may act simultaneously: Qk1represents the variable base action and Qk2, Qk3, … the accompanying variable actions that may act at the same time as the base.
With reference to the duration relative to the levels of intensity of a variable action, we can define:
-
quasi-permanent value ψ2j ∙Qkj: the instantaneous value exceeded more than 50 % of the time during the reference period. Typically, this value can be assumed to be equal to the average of the temporal distribution of the intensity; 
-
frequent value ψ1j∙Qkj: value exceeded for a total period of time that represents a small fraction of the reference period. Typically, this value can be assumed to be equal to the 95 % fractile of the temporal distribution of the intensity; 
-
combination value ψ0j ∙Qkj: the value such that the probability of exceeding the effects caused by a combination with other actions is approximately the same as that associated with the characteristic value of a single action.
In the event that the probabilistic characterisation of the action in question is not available, the nominal value can be attributed to it. In the following, characteristic values are indicated with the subscript k, and nominal values without the subscript k.
Table 2.5.I shows the material variation coefficients to be adopted for standard buildings for civil and industrial use. 
Table 2.5.I – Combination coefficient values 
	Category/Variable action
	ψ0j
	ψ1j
	ψ2j

	Category A - Environments for residential use 
	0.7
	0.5
	0.3

	Category B - Offices 
	0.7
	0.5
	0.3

	Category C - Environments susceptible to crowding 
	0.7
	0.7
	0.6

	Category D - Environments for commercial use 
	0.7
	0.7
	0.6

	Category E - Areas for storage, commercial and industrial use, libraries, archives, warehouses and environments for industrial use
	1.0
	0.9
	0.8

	Category F - Garages, car parks and areas for vehicle traffic (for motor vehicles with weight ≤ 30 kN) 
	0.7
	0.7
	0.6

	Category G - Garages, car parks and areas for vehicle traffic (for motor vehicles with weight > 30 kN) 
	0.7
	0.5
	0.3

	Category H - Roofing accessible for maintenance only
	0.0
	0.0
	0.0

	Category I - Accessible roofing
	to be assessed on a case-by-case basis

	Category K - Roofing for special uses (equipment, heliports ...)
	

	Wind 
	0.6
	0.2
	0.0

	Snow (at ≤ 1 000 m above sea level) 
	0.5
	0.2
	0.0

	Snow (at > 1 000 m above sea level) 
	0.7
	0.5
	0.2

	Thermal variations 
	0.6
	0.5
	0.0


2.5.3.
COMBINATIONS OF ACTIONS 
For the purposes of monitoring limit states, the following combinations of actions are set out. 
−
Fundamental combination, generally used for ultimate limit states (ULS): 

γG1 · G1 + γG2 · G2 + γP ·P + γQ1 · Qk1 + γQ2 · ψ02 · Qk2 + γQ3· ψ03 · Qk3 + …
[2.5.1]
−
Characteristic combination, also known as rare, generally used for irreversible serviceability limit states (SLS): 

G1 + G2 + P + Qk1 + ψ02 · Qk2 + ψ 03 · Qk3+ …
[2.5.2]
−
Frequent combination, generally used for reversible serviceability limit states (SLS): 

G1 + G2 + P + ψ11 · Qk1 + ψ22 · Qk2 + ψ23 · Qk3 + …
[2.5.3]
−
Quasi-permanent combination (SLS), generally used for long-term effects: 

G1 + G2 + P + ψ21 · Qk1 + ψ 22 · Qk2 + ψ23 · Qk3 + …
[2.5.4]
−
Seismic combination, used for ultimate and serviceability limit states related to seismic action E: 

E + G1 + G2 + P + ψ21 · Qk1 + ψ22 · Qk2 + …
[2.5.5]
−
Exceptional combination, used for limit states related to exceptional actions A: 

G1 + G2 + P + Ad + ψ21 · Qk1 + ψ22 · Qk2 + …
[2.5.6]
The effects of the seismic action will be evaluated taking into account the masses associated with the following gravitational loads: 
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[2.5.7]
In the combinations it is intended that Qkj loads, which provide a favourable contribution for monitoring purposes, are omitted, as well as G2 loads, if applicable.
Other combinations are to be considered in relation to specific aspects (e.g. fatigue, etc.). 
In the above formulas, the symbol “+” means “combined with”. 
The coefficient values ψ0j, ψ1j and ψ2j are provided in Table 2.5.I or in Table 5.1 VI for road bridges, and in Table 5.2 VII for railway bridges. The partial safety coefficient values γGi and γQj are provided in § 2.6.1.
2.6.
ACTIONS FOR VERIFICATION OF LIMIT STATES 
The verification of limit states should be carried out for all of the most demanding load conditions that can act on a building by evaluating the effects of the combinations defined in § 2.5.3. 
2.6.1.
ULTIMATE LIMIT STATES 
When monitoring ultimate limit states, a distinction should be made between: 
−
the equilibrium limit state as a rigid body:
EQU
−
the limit state of resistance of the building, including elements of the foundations:
STR
−
the limit state of resistance of the ground:
GEO
Without prejudice to any requirements provided in the subsequent chapters of these standards, Table 2.6.I shows the partial coefficient values γF to be assumed for the determination of the effects of the actions in the monitoring of ultimate limit states. 
For monitoring in relation to the equilibrium ultimate limit state as a rigid body (EQU), the coefficients γF, set out in the EQU column of Table 2.6.I, are used. 
For the design of structural components that do not involve geotechnical type actions, monitoring in relation to structural ultimate limit states (STR) is carried out by adopting the coefficients γF set out in column A1 of Table 2.6.I.
For the design of structural elements involving geotechnical type actions (plinths, mats, posts, retaining walls, etc.) monitoring in relation to structural (STR) and geotechnical (GEO) ultimate limit states is carried out by adopting two possible design approaches and alternating between them. 
In Approach 1, monitoring is carried out with two different combinations of partial coefficient groups, each respectively defined for the actions (γF), for the resistance of materials (γM) and, where appropriate, for the global resistance of materials in the system (γR). In Combination 1 of Approach 1, for actions, the coefficients γF, set out in column A1 of Table 2.6.I., are used. In Combination 2 of Approach 1, the coefficients γFset out in column A2, are used instead. In all cases, both in relation to the building dimensions and the geotechnical aspects, the most demanding combination between the previous two should be used.
In approach 2, a single combination of partial coefficient groups defined for the actions (γF), for the resistance of materials (γM) and, where necessary, for the global resistance (γR), shall be used. In such an approach, for the actions, the coefficients γF, set out in column A1, are used. 
The coefficients γM and γR are defined in the following chapters. 
Table 2.6.I – Partial coefficients for actions or for the effect of actions in ULS monitoring
	
	Coefficient γF
	EQU
	A1 
	A2 

	Permanent loads G1
	Favourable
	γG1
	0.9
	1.0
	1.0

	
	Unfavourable
	
	1.1
	1.3
	1.0

	Non-structural permanent loads G2(1)
	Favourable
	γG2
	0.8
	0.8
	0.8

	
	Unfavourable
	
	1.5
	1.5
	1.3

	Variable actions Q
	Favourable
	γQi
	0.0
	0.0
	0.0

	
	Unfavourable
	
	1.5
	1.5
	1.3

	(1)In the event that the intensity of the non-structural permanent loads or a part thereof (e.g. superimposed permanent loads) is well defined in the design stage, for said loads or for the part of them known, the same partial coefficients will be valid for the permanent actions.


In Table 2.6.I the significance of the symbols is as follows: 
γG1
is the partial coefficient of permanent loads G1; 
γG2
is the partial coefficient of non-structural permanent loads G2; 
γQi
is the partial coefficient of variable actions Q. 
In the event that the action is constituted by ground pressure, for the choice of partial safety coefficients, the guidance provided in Chapter 6 applies. 
The partial coefficient of pre-stressing is assumed to be equal to γP = 1.0.
Other partial coefficient values are shown in subsequent chapters with reference to particular, specific actions. 
2.6.2.
SERVICEABILITY LIMIT STATES 
Monitoring serviceability limit states in relation to the items reported in § 2.2.2. 
In Chapter 4, for non-seismic conditions, and in Chapter 7, for seismic conditions, specific guidance is provided on the monitoring in question, with reference to different building materials. 
CHAPTER 3.
ACTIONS ON BUILDINGS
 TC " CHAPTER 3 - ACTIONS ON BUILDINGS" \f C \l "1" 
3.1.
CIVIL AND INDUSTRIAL WORKS
3.1.1.
GENERAL PROVISIONS
Loads nominal and/or characteristic related to buildings for civil or industrial use are defined in this paragraph. The description and definition of loads should be expressly indicated in project documentation. 
Loads are generally to be considered as statically applied, except in special cases in which dynamic effects should be duly evaluated. In addition to their definitive circumstances of use, forces acting in all operational phases of construction should be considered. 
3.1.2.
BUILDING MATERIAL WEIGHTS
Permanent gravitational actions associated with building material weights themselves are derived from geometric dimensions and from the unit of volume weight of the materials with which the structural parts of the building are made. For the most common materials, the unit of volume weight values set out in Table 3.1.I should be assumed.
Table 3.1.I - Unit of volume weight of main materials 
	MATERIALS
	UNIT OF VOLUME WEIGHT [kN/m³]

	Cement, concrete and mortar 
	

	Ordinary concrete 
	24.0

	Reinforced (and/or pre-stressed) concrete 
	25.0

	‘Lightweight’ concrete: to be determined on a case-by-case basis 
	14.0 ÷ 20.0

	“Heavy” concrete: to be determined on a case-by-case basis
	28.0 ÷ 50.0

	Lime mortar 
	18.0

	Cement mortar 
	21.0

	Lime powder 
	10.0

	Cement dust 
	14.0

	Sand
	17.0

	Metals and alloys 
	

	Steel 
	78.5

	Cast iron 
	72.5

	Aluminium
	27.0

	Stone material 
	

	Volcanic tuff 
	17.0

	Compact limestone 
	26.0

	Soft limestone 
	22.0

	Gypsum 
	13.0

	Granite 
	27.0

	Brick (solid) 
	18.0

	Timbers 
	

	Conifers and poplar 
	4.0 ÷ 6.0

	Hardwood (excluding poplar) 
	6.0 ÷ 8.0

	Various substances 
	

	Fresh water (clear) 
	9.81

	Sea water (clear) 
	10.1

	Paper 
	10.0

	Glazing 
	25.0


For building materials not included in Table 3.1.I, reference will be made to specific experimental investigations or to regulations or documents of proven validity that deal with nominal values as characteristic values. 
3.1.3.
NON-STRUCTURAL PERMANENT LOADS
Loads such as those relating to external cladding, interior partitions, screeds, insulation, floors and coverings of the walking plane, plasterwork, suspended ceilings, equipment, etc. are considered permanent non-structural loads acting on the building during its normal operation, even though in some cases it is necessary to consider transitional situations when they are not present. 
Permanent gravitational actions associated with non-structural material weights themselves are derived from geometric dimensions and from the unit of volume weight of the materials with which the non-structural parts of the building are made. The unit volume weights of non-structural materials may be obtained from Table 3.1.I, or from specific experimental investigations, from regulations or from documents of proven validity that deal with nominal values as characteristic values.
In principle, in the presence of horizontal structures with not only unidirectional frameworks but also with a capacity for transverse distribution, non-structural permanent loads can be taken, for monitoring purposes, as evenly distributed. Otherwise, it is necessary to assess the actual distributions. 
Partitions and lightweight equipment in buildings for homes and offices may be assumed, in general, as distributed equivalent loads, provided that the floors have adequate capacity for transversal load distribution. 
For horizontal structures of buildings for homes and offices, the weight of internal separating elements themselves can be readjusted to an evenly distributed permanent load g2 provided that constructive measures are adopted to ensure an adequate allocation of the load. The evenly distributed load g2 can be correlated to the weight per unit itself of the length G2 of the partitions in the following manner: 
	- for separating elements with
	
	G2 ≤ 1.00 kN/m: g2 = 0.40 kN/m²; 

	- for separating elements with
	1.00 <
	G2 ≤ 2.00 kN/m: g2 = 0.80 kN/m²; 

	- for separating elements with
	2.00 <
	G2 ≤ 3.00 kN/m: g2 = 1.20 kN/m²; 

	- for separating elements with
	3.00 <
	G2 ≤ 4.00 kN/m: g2 = 1.60 kN/m²; 

	- for separating elements with
	4.00 <
	G2 ≤ 5.00 kN/m: g2 = 2.00 kN/m². 


Internal separating elements with a self-weight in excess of 5.00 kN/m must be taken into account during the design stage, taking into consideration their actual positioning on the floor. 
3.1.4.
OVERBURDEN
Overburden, or imposed loads, are comprised of loads related to the intended use of the construction; the models of such actions can be comprised of: 
-
evenly distributed vertical loads
qk
-
concentrated vertical loads
Qk
-
linear horizontal loads
Hk
The nominal and/or characteristic values of qk, Qkand Hkare set out in Table 3.1.II. These values are inclusive of ordinary dynamic effects, provided that there is no risk of significant dynamic amplification of the structural response. 
Table 3.1.II - Values of overburden for different categories of building use
	Cat.
	Environment
	qk
[kN/m2]
	Qk
[kN]
	Hk
[kN/m]

	A
	Environments for residential use
	
	
	

	
	Areas for domestic and residential activities; included in this category are living quarters and related services, hotels (with the exception of areas subject to crowding), and hospital rooms
	2.00
	2.00
	1.00

	
	Communal staircases, balconies and walkways 
	4.00
	4.00
	2.00

	B
	Offices
	
	
	

	
	Cat. B1 Offices not open to the public 
	2.00
	2.00
	1.00

	
	Cat. B2 Offices open to the public 
	3.00
	2.00
	1.00

	
	Communal staircases, balconies and walkways
	4.00
	4.00
	2.00

	C
	Environments susceptible to crowding 
	
	
	

	
	Cat. C1 Areas with tables, such as schools, cafés, restaurants, banquet halls, reading rooms and reception areas 
	3.00
	3.00
	1.00

	
	Cat. C2 Areas with fixed seating, such as churches, theatres, cinemas, conference rooms, waiting rooms, lecture halls and auditoriums
	4.00
	4.00
	2.00

	
	Cat. C3 Environments free of obstacles preventing the movement of people, such as museums and access areas to offices, hotels, hospitals and railway stations
	5.00
	5.00
	3.00

	
	Cat. C4. Areas where physical activities may be performed, such as dance halls, gyms and stages.
	5.00
	5.00
	3.00

	
	Cat. C5. Areas susceptible to large crowds, such as buildings for public events, concert halls, arenas for sports and related seating areas, stairways and railway platforms.
	5.00
	5.00
	3.00

	
	Communal staircases, balconies and walkways
	According to the category of use required, with the following limitations

	
	
	≥ 4.00
	≥ 4.00
	≥ 2.00

	D
	Environments for commercial use
	
	
	

	
	Cat. D1 Shops
	4.00
	4.00
	2.00

	
	Cat. D2 Shopping centres, markets and department stores
	5.00
	5.00
	2.00

	
	Communal staircases, balconies and walkways
	According to the category of use required

	E
	Areas for storage and commercial and industrial use
	
	
	

	
	Cat. E1 Areas for the accumulation of goods and related access areas, such as libraries, archives, warehouses, depots and manufacturing laboratories
	≥ 6.00
	7.00
	1.00*

	
	Cat. E2 Environments for industrial use 
	to be assessed on a case-by-case basis

	F-G
	Garages and areas for vehicle traffic (excluding bridges)
	
	
	

	
	Cat. F Garages, areas for traffic, parking for light vehicles (weight at full load up to 30 kN) 
	2.50
	2 x 10.00
	1.00**

	
	Cat. G Areas for traffic and parking of medium vehicles (weight at full load between 30 kN and 160 kN), such as access ramps and areas for loading and unloading goods.
	To be evaluated on a case-by-case basis and, in any event, no less than
5.00             2 x 50.00            1.00**

	H-I-K
	Roofing
	
	
	

	
	Cat. Roofing accessible for maintenance and repair only
	0.50
	1.20
	1.00

	
	Cat. Accessible roof environments of use categories A and D
	according to the category they belong to

	
	Cat. K Roofing for special uses, such as for equipment or heliports.
	to be assessed on a case-by-case basis

	* does not include any horizontal actions resulting from absorbed materials.
** for parapets or partitions in pedestrian areas. Actions on barriers resulting from lorries should be evaluated on a case-by-case basis.


The values set out in Table 3.1.II relate to current conditions of use for the respective categories. Other regulations may impose higher values in relation to specific needs. 
In the presence of atypical loads (such as machinery, tanks, internal depots, equipment, etc.) intensity should be assessed on a case-by-case basis, according to anticipated maximums: such values should be explicitly stated in design and static testing documentation. 
3.1.4.1
Evenly distributed vertical overburden 
Similarly, with non-structural permanent loads defined in § 3.1.3, and generally in the presence of horizontal structures not only with unidirectional frameworks but also with a capacity for transversal distribution, overburdens can be assumed, for monitoring purposes, as evenly distributed. Otherwise, it is necessary to assess the actual distributions. 
For use categories A, B, C, D, H and I, distributed vertical overburdens that act on a single structural element forming part of a horizontal structure (for example, a beam) may be reduced in accordance with the extension of the area of influence A [m2] of competence of the element itself. The reductive coefficient (A is given by
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[3.1.1]
where (0 is the combination factor (Table 2.5.I). For categories C and D, (A can not be less than 0.6.
Similarly, only for use categories A–D can the components of the stress induced by overburden acting on vertical structural members, such as pillars or internal walls that form part of multi-story buildings with more than two storeys, be reduced according to the number of loaded storeys n, where the reductive coefficient (n is provided 
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[3.1.2]
The two reductive coefficients (A and (n cannot be combined. 
3.1.4.2
Concentrated vertical overburden
The concentrated vertical overburdens Qk set out in Table 3.1.II are subject to distinct local checks, and distributed vertical loads used in the monitoring of the building as a whole are not applied at the same time; such loads should be applied on recesses of the load appropriate for its use and horizontal form; in the absence of precise guidance, a square load equal to 50 x 50 mm can be considered as a type of load recess, except for with garages, car parks and transit areas (categories F and G). For category F buildings, loads are applied to two recesses of 100 x 100 mm, axially spaced 1.80 m apart. For category G buildings, loads are applied on two recesses of 200 x 200 mm, axially spaced 1.80 m apart.
3.1.4.3
Linear horizontal overburden
Linear horizontal overburden Hk set out in Table 3.1.II should be used for local checks, and is not combined with the loads used in the monitoring of the building as a whole. 
Linear horizontal overburden should be applied to walls at a level of 1.20 m from the respective floor; overburden should be applied to rails or to handrails at the level of the upper edge. 
Local checks shall cover, in relation to the conditions of use, two-dimensional vertical elements such as partitions, walls and external in-fills, however achieved, with the exclusion of mobile dividers (that nevertheless should ensure sufficient stability during operation). 
The achievement of this requirement can also be documented experimentally, and nevertheless take into account the bearings that the manufactured product possess and all the resources that the constructive type allows. 
3.2.
SEISMIC ACTION 
Seismic design actions, for assessing compliance with the different limit states considered, are established starting from the “base seismic hazard” of the building site and are linked to the morphological and stratigraphic characteristics that determine the local seismic response.
The seismic hazard is defined in terms of expected maximum horizontal acceleration ag in free field conditions on the rigid reference site with horizontal topographic surface (of category A as defined in § 3.2.2), as well as the corresponding elastic acceleration response spectrum ordinates Sand(T), with reference to the predetermined probability of exceeding these values PVR as defined in § 3.2.1, during the reference period VR , as defined in § 2.4. Alternatively, the use of accelerograms is permitted, provided they are correctly matched to local seismic hazards in the area of the building. 
For the purpose of the current legislation, spectral shapes are defined for each of the probabilities of exceeding PVR in the reference period VR, on the basis of the following parameters on the horizontal rigid reference site: 
ag
maximum horizontal acceleration at the site; 
Fo
maximum value of the spectrum amplification factor in horizontal acceleration; 
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reference value for the determination of the period at the beginning of the constant velocity of the spectrum in horizontal acceleration. 
For the values ag, For and 
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, which are required for the determination of seismic actions, reference is made to Annexes A and B to the Decree of the Minister for Infrastructure of 14 January 2008, published in the Ordinary Supplement to Official Gazette No 29 of 4 February 2008, and any subsequent updates.
3.2.1.
LIMIT STATES AND RELATIVE PROBABILITY OF EXCEEDANCE 
With regard to seismic actions, both serviceability limit states (SLS), and ultimate limit states (ULS) are identified by referring to the performance of the structure as a whole, including structural and non-structural elements and equipment. 
Serviceability limit states (SLS) are comprised of: 
-
Operational limit states (OLS): following an earthquake, the construction in its entirety, including structural and non-structural elements and equipment related to its function, should not be damaged and should not suffer any significant interruption of use; 
-
Damage limit states (DLS): following an earthquake, the construction in its entirety, including structural and non-structural elements and equipment related to its function, should suffer only damage that does not put its users at risk and does not significantly compromise its resistance and stiffness capacity toward vertical and horizontal actions, remaining immediately usable even if use of part of the equipment is interrupted. 
Ultimate limit states (ULS) are comprised of: 
-
Lifesaving limit states (LLS): following an earthquake, the construction sustains breaks and the collapse of non-structural components and installations, and significant damage to structural components associated with a significant loss of stiffness in horizontal actions; the building preserves part of the resistance and stiffness for horizontal actions and a safety margin against collapse due to horizontal seismic actions; 
-
Collapse limit states (CLS): following an earthquake, the construction sustains serious breaks and collapse of non-structural components and installations and very serious damage to structural components; the construction still maintains a significant safety margin for vertical actions and a narrow safety margin against collapse due to horizontal actions. 
The probabilities of exceeding PVR during the reference period, which relates to identifying the seismic force acting in each of the limit states considered, are set out in Table 3.2.I.
Table 3.2.I – Probability of exceeding P VR in accordance with the limit state considered
	Limit States
	PVR: Probability of exceeding VR during the reference period

	Serviceability limit states 
	SLS 
	81% 

	
	DLS 
	63% 

	Ultimate limit states 
	LLS 
	10% 

	
	CLS 
	5% 


Should protection against serviceability limit states be of primary importance, the values of PVR provided in the table should be reduced in relation to the protection rating desired.
For each limit state and relative probability of exceeding PVR in the reference period VR, the period of return TR of the earthquake is obtained by the relationship: 

TR = - VR / ln (1- PVR) = - CU VN / ln (1- PVR)
[3.2.0]
3.2.2
CATEGORIES OF SUBSOIL AND TOPOGRAPHICAL CONDITIONS
Categories of subsoil
For the purposes of the definition of the design seismic action, the effect of the local seismic response is evaluated through specific analysis, to be performed in the manner indicated in § 7.11.3. Alternatively, if stratigraphic conditions and the ownership of the land are clearly related to the categories defined in Table 3.2.II, reference should be made to a simplified approach that is based on the classification of the subsoil in accordance with the values of the propagation speed of shear waves VS. The values of the mechanical parameters required for the analysis of local seismic response or of speed VS for the simplified approach constitute an integral part of the geotechnical characterisation of the land comprising significant volumes, as referred to in § 6.2.2. 
The values of VS are obtained through specific tests or, with proper rationale and within the limit of the simplified approach, they are evaluated through empirical relations of proven reliability with the results of other tests on the site, such as dynamic penetrometer tests for coarse-grained soil and static penetrometer tests.
The classification of the subsoil is carried out according to the stratigraphic conditions and the values of the equivalent propagation speed of shear waves, VS,eq (in m/s), defined by the expression:
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where:
hithickness of the x-th layer; 
VS,i
speed of shear waves in the x-th layer; 
N
number of layers;
H
substrate depth, defined as that formation constituted by rock or very rigid land, characterised by VSno less than 800 m/s. 
For shallow foundations, the depth of the substrate relates to said enforced plane, while the pile foundation relates to the head of the piles. For natural land support works, the depth refers to the head of the construction. For embankment retaining walls, the depth relates to the enforced foundation plane.
For deposits with substrate depth H greater than 30 m, the equivalent speed of shear waves VS,eqis defined by the parameter VS,30, obtained by placing H=30 m in the above expression and considering the properties of the layers of the ground up to such depth.
The categories of subsoil that allow for the use of the simplified approach are defined in Table 3.2.II.
Table 3.2.II – Categories of subsoil that allow for the use of the simplified approach.
	Category 
	Characteristics of topographic areas 

	A 
	Rocky outcrops or very rigid land characterised by values of the speed of shear waves greater than 800 m/s, possibly including terrain above the surface with poor mechanical characteristics and with a maximum thickness equal to 3 m. 

	B 
	Soft rocks and deposits of very thick coarse-grained soil or very consistent fine-grained soil, characterised by an improvement in mechanical properties with depth and equivalent speed values between 360 m/s and 800 m/s.

	C 
	Deposits of moderately thick course-grained soil or moderately consistent fine-grained soil, with substrate depth greater than 30 m and characterised by an improvement in mechanical properties with depth and equivalent speed values between 180 m/s and 360 m/s.

	D 
	Deposits of sparsely thick course-grained soil or sparsely consistent fine-grained soil, with substrate depth greater than 30 m and characterised by an improvement in mechanical properties with depth and equivalent speed values between 100 m/s and 180 m/s.

	E
	Soils with characteristics and equivalent speed values attributable to those defined for categories C or D, with substrate depth no greater than 30 m.


For these five categories of subsoil, seismic actions are defined in § 3.2.3 of these standards.
For any subsoil conditions not classified in the preceding categories, specific analysis of local responses should be carried out in order to define seismic actions.
Topographic conditions 
For complete topographic conditions, specific analysis of local seismic response should be arranged. For simple superficial configurations, the following classification may be adopted (Table 3.2.III): 
Table 3.2.III – Topographic categories
	Category 
	Characteristics of topographic areas 

	T1 
	Level ground, slopes and isolated reliefs with average inclinations i ≤ 15° 

	T2 
	Slopes with average inclinations i > 15° 

	T3 
	Reliefs with ridge width much smaller than the base and average inclination 15° ≤ i ≤ 30° 

	T4 
	Reliefs with much smaller ridges than base and average inclination i ≤ 30° 


The above topographic categories refer to primarily two-dimensional geometric configurations and elongated ridges, and should be considered in the definition of seismic action if their heights are taller than 30 m. 
3.2.3.
EVALUATION OF SEISMIC ACTION 
3.2.3.1
Description of seismic motion on the surface and at the foundation level 
For the purposes of these standards, seismic action is characterised by three translational components: two horizontal components marked X and Y and one vertical component marked Z, to be considered as independent of each other. Except as otherwise specified in § 7.11, for constructions and geotechnical systems the vertical component will be considered where expressly specified (Chapter 7) and as long as the site on which the building is being constructed is characterised by a ground acceleration, as defined in the following § 3.2.3.2, equal to ag ≥ 0.15 g .
The components can be described, in accordance with the type of analysis adopted, through one of the following representations:
-
maximum surface acceleration;
-
maximum acceleration and relative surface response spectrum;
-
time history of ground movement.
On the basis of appropriate analysis of local seismic responses, focus can then be moved from the surface values to the reference planes defined in § 3.2.2; in the absence of such analysis, action on the surface can be assumed to be acting on these planes. 
The two independent perpendicular components that describe horizontal motion are characterised by the same response spectrum or by the two horizontal accelerometric components of seismic motion. 
The component that describes the vertical motion is characterised by its response spectrum or by its vertical accelerometric component. In the absence of specific documented information, in a simplified manner the maximum acceleration and the response spectrum of the expected surface vertical component can be determined on the basis of the maximum acceleration and the response spectrum of the two horizontal components. The vertical accelerometric component can be correlated to the horizontal accelerometric components of seismic motion. 
Regardless of the probability of exceeding PVR in the reference period VR, the definition of the elastic response spectra, of the design response spectra, and of the time history of the ground movement is provided in the subsequent paragraphs.
3.2.3.2
Elastic acceleration response spectrum 
The elastic acceleration response spectrum is expressed by the spectral shape (normal spectrum) referring to a conventional damping of 5 % multiplied by the value of maximum horizontal acceleration agon the rigid horizontal reference site. Both the spectral shape and the ag value vary according to the probability of exceeding PVR during the reference period (see § 2.4 and § 3.2.1). 
The spectra thus defined may be used for structures with fundamental periods less than or equal to 4.0 s. For structures with higher fundamental periods, the spectrum should be defined by appropriate analysis or the seismic action should be described through time history analysis of the ground motion. 
3.2.3.2.1
Elastic acceleration response spectrum of horizontal components 
The elastic acceleration response spectrum of the horizontal component of the seismic motion, Se, is defined by the following expressions: 
	0 ≤ T < TB
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	TB ≤ T < TC
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	TC ≤ T < TD
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	TD ≤ T
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in which:
T
is the period of vibration; 
S
is the coefficient that takes into account the subsoil category and topographic conditions through the following relationship 

S =SS ( ST
[3.2.3]
where SS is the coefficient of stratigraphic amplification (see Table 3.2.IV) and ST is the coefficient of topographic amplification (see Table 3.2.V); 
η
is the factor that alters the elastic spectrum for coefficients of conventional viscous damping ξ other than 5 %, through the relationship 
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where ξ (expressed as a percentage) is evaluated on the basis of materials, structural type and foundation soil;
Fo
is the factor which quantifies the maximum spectral amplification on the rigid horizontal reference site, and has a minimum value of 2.2; 
TC
is the period corresponding to the beginning of the line of constant speed of the spectrum, provided by the relationship 
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where: 
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 is defined in § 3.2 and CC is a coefficient depending on the subsoil category (see Table 3.2.IV); 
TB
is the period corresponding to the beginning of the line of the constantly accelerating spectrum, given by the relationship
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TD
is the period corresponding to the beginning of the line of constant displacement of the spectrum, expressed in seconds through the relationship: 
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[3.2.7]
For special categories of subsoil and for determined geotechnical systems, or if the grade of accuracy in provision of amplification phenomenon is intended to be increased, seismic actions to consider during planning may be determined through more rigorous analysis of local seismic response. This analysis presupposes an adequate knowledge of the geotechnical properties of the soil and, in particular, of stress-strain relationships in the cyclical range, to be determined through specific investigations and tests. 
In the absence of such determinations, for horizontal components of motion and for categories of foundation subsoil defined in § 3.2.2, the spectral shape on category A subsoil is modified through the stratigraphic coefficient SS , the topographic coefficient ST and coefficient CC that changes the value of the TC period. 
Stratigraphic amplification 
For category A subsoil the coefficients SS and CC are valued at 1. 
For subsoil categories B, C, D and E the coefficients SS and CC can be calculated in accordance with the values of Fo and 
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 relating to subsoil category A by using the expressions provided in Table 3.2.IV, in which g = 9.81 m/s2 is the acceleration of gravity and 
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 is expressed in seconds. 
Table 3.2.IV – Expressions of SS and CC
	Subsoil category
	SS
	CC

	A
	1.00
	1.00

	B
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Topographic amplification 
To take account of the topographic conditions and in the absence of specific analysis of local seismic responses, the values of the topographic coefficient ST are set out in Table 3.2.V, in accordance with the topographic categories defined in § 3.2.2 and the location of the construction or maintenance. 
Table 3.2.V – Maximum values of the coefficient of topographic amplification ST
	Topographic category 
	Location of construction or maintenance 
	ST

	T1 
	-
	1.0 

	T2 
	Corresponding to the summit of the slope 
	1.2 

	T3 
	Corresponding to the crest of a relief with average slope less than or equal to 30°
	1.2 

	T4 
	Corresponding to the crest of a relief with average slope greater than 30°
	1.4 


The spatial variation of the coefficient of topographic amplification is defined by a linear decrease with the height of the slope or relief, from the summit or ridge, where STassumes the maximum value set out in Table 3.2.V, to the base, where STassumes a unitary value. 
3.2.3.2.2
Elastic acceleration response spectrum of vertical components 
The elastic acceleration response spectrum of the vertical component of the seismic motion Sveis defined by the expressions: 
	0 ≤ T < TB
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	TB ≤ T < TC
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	TD ≤ T
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in which:
T is the period of vibration (in a vertical direction);
Fv is the factor that quantifies the spectral amplification maximum, in terms of ground maximum horizontal acceleration ag on the rigid horizontal reference site, through the relationship: 
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[3.2.9]
Values of ag, Fo, S, η are defined in § 3.2.3.2.1 for horizontal components of seismic motion; values of SS, TB, TC and TD, except in more accurate determinations, are set out in Table 3.2.VI. 
Table 3.2.VI - Values of parameters of the elastic response spectrum of the vertical component 
	Subsoil category
	SS
	TB
	TC
	TD

	A, B, C, D, E 
	1.0 
	0.05 s 
	0.15 s 
	1.0 s 


To take account of topographic conditions, in the absence of specific analysis, the values of the topographic coefficient ST are used as provided in Table 3.2.V. 
3.2.3.2.3
Elastic displacement response spectrum of horizontal components 
The elastic response spectrum in displacement of horizontal components SDe(T) is obtained from the corresponding acceleration response Se(T) through the following expression: 
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[3.2.10]
provided the period of vibration T does not exceed the TE values indicated in Table 3.2.VII. 
Table 3.2.VII – Values of parameters TE and TF
	Subsoil category
	TE [s]
	TF [s]

	A 
	4.5 
	10.0 

	B 
	5.0 
	10.0 

	C, D, E 
	6.0 
	10.0 


For periods of vibration exceeding TE, the ordinates of the spectrum may be obtained from the following formulas: 
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[3.2.11]
where all symbols have already been defined with the exception of dg, which is defined in § 3.2.3.3. 
3.2.3.3
Horizontal displacement and horizontal ground speed 
The values of maximum horizontal displacement dg and of maximum horizontal ground speed vgare given by the following expressions: 
	
[image: image38.wmf]D

C

g

g

T

T

S

a

025

,

0

d

×

×

×

×

=


	[3.2.12]

	
[image: image39.wmf]C

g

g

T

S

a

16

,

0

v

×

×

×

=



 EMBED Equation.3 [image: image40.wmf]
	


where ag, S, TC, TD assume the values already used in § 3.2.3.2.1. 
3.2.3.4
Design response spectra for serviceability limit states (SLS)
For serviceability limit states, the design response spectrum Sd(T) to be used, whether for horizontal or vertical components, is the corresponding elastic response spectrum related to the probability of exceeding in the considered reference period PVR(see §§ 2.4 and 3.2.1). 
3.2.3.5
Design response spectra for damage limit states (DLS), life safety limit states (LLS) and collapse limit states (CLS)
Should the checks on damage limit states, life safety limit states and collapse limit states not be carried out through the use of appropriate time history analysis of the ground motion and up to speed non-linear dynamic analysis, for the purposes of planning or checks of buildings the dissipative capacity of the structures may be considered through a reduction of elastic force that keeps track in a simplified way of the inelastic dissipative capacity of the structure, its over-resistance and the increase of its period of vibration as a result of plasticisation. In such an event, the design response spectrum Sd(T) to be used, whether for horizontal or vertical components, is the corresponding elastic response spectrum related to the probability of exceeding in the considered reference period PVR(see §§ 2.4 and 3.2.1). To evaluate the effect of actions this spectrum will be used, in the case of static non-linear analysis, by placing η = 1; and in the case of static or dynamic linear analysis with reduced ordinates, by replacing in the formulas [3.2.2] (for horizontal components) and in the formulas [3.2.8] ( for vertical components) η with 1/q, where q is the behaviour factor defined in Chapter 7 (Table 7.3.I). 
It is assumed that Sd(T) ≥ 0.2ag. 
3.2.3.6
Time history of ground movement 
The ultimate and serviceability limit states may be verified through the use of artificial or natural time history of ground movement analysis. Each time history analysis describes a component, horizontal or vertical, of the seismic action; the three components combined (two horizontal and perpendicular to each other, and one vertical) constitute a group of time-histories of ground movement. 
The duration of the time-histories of ground movement should be established on the basis of the magnitude and other physical parameters that determine the choice of the value of ag and of SS. In the absence of specific studies, the pseudo-stationary part of the accelerogram associated with history should have a duration of 10 s and should be preceded and followed by lines of increasing amplitude from zero and decreasing to zero, so that the total duration of the accelerogram is not less than 25 s.
Artificial accelerograms should have an elastic response spectrum consistent with the response spectrum adopted in the design. Consistency with the elastic response spectrum is to be verified based on the average of the spectral ordinates obtained with different accelerograms, for an equivalent coefficient of viscous damping ξ of 5 %. The average spectral ordinate should not present a negative deviation exceeding 10 %, relative to the corresponding component of the elastic spectrum, at any point of the greater of the two intervals 0.15 s ÷ 2.0 s and 0.15 s ÷ 2 T, in which T is the period of vibration of the structure in the elastic range, for ultimate limit states verification; and 0.15 s ÷ 1.5 T for serviceability limit states verification. For buildings with seismic isolation, the upper limit of the coherence interval is assumed to be equal to 1.2 Tis, where Tis is the equivalent period of the isolated structure, evaluated for displacements in the isolation system produced by the limit state in question. 
The use of artificial time-histories of ground movement is not permitted in dynamic analysis of constructions and geotechnical systems. 
The use of time-histories of ground movement generated through source mechanisms and propagation simulation is permitted provided that the assumptions concerning the seismogenic characteristics of the source and of the propagation medium are properly justified and that, within the intervals of the above period, the average spectral ordinate does not present a negative deviation exceeding 20 % with respect to the corresponding component of the elastic spectrum.
The use of natural or observed time-histories of ground movement is permitted provided that their choice is representative of the seismic activity of the site and is adequately justified based on the seismogenic characteristics of the source, the conditions of the observation site, the magnitude, the distance from the source and the maximum horizontal acceleration expected at the site. 
Observed time-histories of ground movement should be selected and scaled in such a way that the relative response spectra draw near to the elastic response spectra in the field of the periods of vibration of interest for the problem under consideration. Specifically, compatibility with the elastic response spectrum should be verified based on the average of the spectral ordinates obtained with different accelerograms, associated with the histories for an equivalent coefficient of viscous damping ξ of 5 %. The average spectral ordinate should not present a negative deviation exceeding 10 % or a positive deviation exceeding 30 % with respect to the corresponding component of the elastic spectrum at any point in the interval of the period of vibration under consideration for the construction in question and for different limit states. 
3.2.4.
EFFECTS OF THE SPATIAL VARIABILITY OF MOTION 
3.2.4.1
Spatial variability of motion 
In the contact points of the construction with the ground that have significant planimetric development, seismic motion may have different characteristics due to the asynchronous nature of the phenomenon of propagation, the inhomogeneity and possible discontinuities and the varying local response of the ground. 
The effects indicated above should be taken into account if significant, and in any case when the subsoil conditions are variable throughout the development of the construction in such a way as to require the use of accelerograms or of different response spectra. 
In the absence of models that are physically more accurate and suitably documented, a preliminary approximation criterion to take account of the spatial variability of seismic motion involves the overlapping of dynamic effects, evaluating, for example, the pseudo-static effects induced by relevant displacement with the response spectrum. 
In the sizing of the elevated structures, such effects can be neglected when the foundation-ground system is sufficiently rigid to keep relative displacements to a minimum. This happens in buildings when, for example, the foundation plinths are joined in a suitable way. 
The dynamic effects may be evaluated by adopting a single seismic action corresponding to the category of subsoil that induces the most severe stress. 
If the construction is divided into portions with each foundation being on a subsoil of reasonably homogeneous characteristics, then for each of these foundations the appropriate seismic action will be adopted. 
3.2.4.2
Absolute and relative displacement of the ground 
The value of absolute horizontal displacement of the ground (dg) may be obtained using the expression [3.2.12]. 
Should it be necessary to evaluate the effects of spatial variability of motion given in the preceding paragraph, the value of relative displacement between two points i and j characterised by the stratigraphic properties of the respective subsoil and whose motion may be considered as independent can be estimated with the following expression: 
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[3.2.13]
where dgi and dgj are the respective maximum displacements of the soil at points i and j, calculated with reference to the local characteristics of the subsoil. 
The motion of the two points of the ground can be considered as independent for points placed at considerable distances in relation to the type of subsoil; the motion is also made independent by the presence of strong orthographic variability between the points. 
In the absence of strong orthographic discontinuity, the relative displacement between points at a distance of x (in m) may be evaluated with the expression: 


[image: image42.wmf][

]

7

,

0

s

)

v

/

x

(

25

,

1

0

ij

max

ij

0

ij

ij

e

1

)

d

d

(

d

)

x

(

d

-

-

-

+

=


[3.2.14]
where vs is the propagation velocity of shear waves in m/s and dij0 is provided by the expression 
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[3.2.15]
For points that fall on different subsoils at a distance of less than 20 m, the relative displacement is represented by dij0 ; if the points fall on subsoil of the same type, the relative displacement can be estimated, not with the expression [3.2.14], but with the expressions 
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For the determination of the stresses induced in bridges from relative displacement of the ground, the criteria set out in documents of proven validity can be used. 
3.3.
WIND ACTIONS 
The wind, the direction of which is generally considered to be horizontal, exerts actions on buildings that vary in time and space, generally creating dynamic effects. 
For typical buildings, such actions are conventionally attributed to equivalent static actions defined in § 3.3.3. For buildings with an unusual shape or typology, or for those that are very big, tall, slender or light, or those with considerable flexibility and reduced dissipative capacity, wind can give rise to effects that create a need for evaluation that requires the use of calculation and experimental methods according to the state of the art. 
3.3.1.
REFERENCE BASE SPEED
The reference base speed vb is the mean value over 10 minutes, at 10 m of height from the ground on a flat and homogeneous terrain with exposure category II (see Table 3.3.II), related to a period of return TR = 50 years. 
In the absence of specific and appropriate statistical surveys, vb is provided by the expression: 
	
[image: image46.wmf]bb,0a

vvc

=×


	[3.3.1]


Vb,0
is the reference base speed at sea level, assigned in Table 3.3.I in accordance with the zone in which the building is constructed (Figure 3.3.1); 
ca 
is the coefficient of altitude provided by the relationship: 
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	[3.3.1.b]


where: 
a0, ks
are parameters provided in Table 3.3.I in accordance with the zone in which the building is constructed (Figure 3.3.1); 
ass 
is the altitude above sea level of the site of the building. 
This zoning does not take into account specific and local aspects that, if needed, should be defined individually. 
Table 3.3.IValues of parameters vb,0, a0, ks
	Zone 
	Description
	vb,0 [m/s] 
	a0 [m] 
	ks 

	1 
	Valle d'Aosta, Piedmont, Lombardy, Trentino Alto Adige, Veneto, Friuli-Venezia Giulia (with the exception of the province of Trieste) 
	25 
	1 000 
	0.40 

	2 
	Emilia-Romagna 
	25 
	750 
	0.45 

	3 
	Tuscany, Marche, Umbria, Lazio, Abruzzo, Molise, Apulia, Campania, Basilicata, Calabria (with the exception of the province of Reggio Calabria) 
	27 
	500 
	0.37 

	4 
	Sicily and the province of Reggio Calabria 
	28 
	500 
	0.36 

	5 
	Sardinia (zone to the east of a line joining Cape Teulada with the island of La Maddalena) 
	28 
	750 
	0.40 

	6 
	Sardinia (zone to the west of a line joining Cape Teulada with the island of La Maddalena) 
	28 
	500 
	0.36 

	7 
	Liguria 
	28 
	1 000 
	0.54 

	8 
	Province of Trieste 
	30 
	1 500 
	0.50 

	9 
	Islands (with the exception of Sicily and Sardinia) and open water 
	31 
	500 
	0.32 


For altitudes greater than 1 500 m above sea level, the values of the reference base speed can be obtained from appropriate documentation or from adequately substantiated statistical surveys related to the local climate and exposure conditions. Without prejudice to these evaluations, as recommended in the proximity of peaks and ridges, the values used should not be less than those anticipated for an altitude of 1 500 m. 
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Figure 3.3.1 - Map of the areas into which the Italian territory is subdivided
	Isola della Maddalena
	La Maddalena Island

	Capo Teulada
	Capo Teulada


3.3.2.
REFERENCE SPEED 
The reference speed vr is the mean value over 10 minutes, at 10 m of height from the ground on a flat and homogeneous terrain with exposure category II (see Table 3.3.II), related to the design period of return TR. This speed is defined by the relationship:
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where
vb
is the reference base speed as set out in § 3.3.1;
cr
is the coefficient of return, based on the design period of return TR.
In the absence of specific and appropriate statistical surveys, the coefficient of return is provided by the relationship:
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	[3.3.3]


where TR is the period of return expressed in years.
Where not otherwise specified, it will be assumed that TR = 50 years, corresponding to cr = 1. For the execution of works in the construction phase or for transitional phases relating to maintenance on existing buildings, the period of return of the action can be reduced as specified below:
· for construction phases or transitional phases with design life expectancy of a duration not exceeding three months, it will be assumed that TR ≥ 5 years;
· for construction phases or transitional phases with design life expectancy between three months and one year, it will be assumed that TR ≥ 10 years;
3.3.3.
EQUIVALENT STATIC ACTIONS 
The actions of the wind normally consist of pressures and depressions acting at the surfaces, external as well as internal, of the elements that make up the building (§ 3.3.4). 
The actions of the wind on individual elements that make up the building should be determined by considering the most demanding combination of the pressures acting on two faces of each element. 
In the case of buildings covering large areas, tangential actions resulting from wind should also be taken into account (§ 3.3.4).
The overall action resulting from the wind on a building is provided by the combination of actions on individual elements, based on the wind direction that corresponds to one of the main axes of the building plan; in particular cases, for example with towers with a square or rectangular base, wind blowing assumptions should also be considered according to the direction of one of the diagonals. 
3.3.4.
WIND PRESSURE
The wind pressure is given by the expression: 

p = qr ce cp cd
[3.3.4]
where 
qr
is the reference kinetic pressure set out in § 3.3.6; 
ce
is the coefficient of exposure as set out in § 3.3.7; 
cp
is the coefficient of pressure as set out in § 3.3.8; 
cd
is the dynamic coefficient as set out in § 3.3.9. 
3.3.5.
TANGENTIAL ACTIONS OF THE WIND 
The tangential action per surface unit parallel to the wind direction is given by the expression: 

pf = qr ce cf
[3.3.5]
where 
qr
is the reference kinetic pressure set out in § 3.3.6; 
ce
is the coefficient of exposure as set out in § 3.3.7; 
cf
is the coefficient of friction as set out in § 3.3.8. 
3.3.6.
REFERENCE WIND SPEED PRESSURE
The reference wind speed pressure qr is given by the expression: 


[image: image51.wmf]2

rr

1

qv

2

=r


[3.3.6]
where 
vr
is the reference wind speed as set out in § 3.3.2; 
(
is the air density conventionally assumed as constant and equal to 1.25 kg/m³.
By expressing ( in kg/m³ and vr in m/s, qr is expressed in N/m2.
3.3.7.
COEFFICIENT OF EXPOSURE 
The coefficient of exposure cedepends on the height z from the ground of the point considered, the terrain topography and the exposure category of the site where the building is being constructed. In the absence of specific analysis that takes into account the wind direction and the actual terrain roughness and topography surrounding the building, for heights from the ground not greater than z = 200 m, it is provided by the formula: 
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	[3.3.7]


where 
kr , z0, zmin
are assigned in Table 3.3.II in accordance with the category of exposure of the site where the building is being constructed; 
ct
is the topographic coefficient. 
Table 3.3.II - Parameters for the definition of the coefficient of exposure 
	Category of exposure of the site
	Kr
	z0 [m]
	zmin [m]

	I
	0.17
	0.01
	2

	II
	0.19
	0.05
	4

	III
	0.20
	0.10
	5

	IV
	0.22
	0.30
	8

	V
	0.23
	0.70
	12


The category of exposure is assigned in Figure 3.3.2 in accordance with the geographical position of the site where the building is being constructed and the roughness class of the terrain defined in Table 3.3.III. In ranges within 40 km from the coast, the category of exposure is independent of the site’s altitude. 
The coefficient of topography ct is generally set equal to 1 for flat areas as well as those that are wavy, hilly and mountainous. In this case, Figure 3.3.3 sets out the laws of variation of ce for the different categories of exposure. 
In the case of buildings located at the top of hills or isolated slopes, the coefficient of topography ct can be obtained from data supported by appropriate documentation. 
Table 3.3.III - Roughness classes of the terrain 
	Roughness classes of the terrain
	Description

	A
	Urban areas where at least 15 % of the land is covered by buildings of an average height greater than 15 m 

	B
	Urban areas (not class A), suburbs, industrial areas and wooded land 

	C
	Areas scattered with obstacles (trees, houses, walls, fences,....); areas with roughness not attributable to classes A, B or D 

	D
	a) The sea and its related coastal strip (within 2 km of the coast); 
b) Lakes (with maximum width equal to at least 1 km) and related coastal strips (within 1 km of the coast)
c) Areas free from obstacles or at most containing rare isolated obstacles (open countryside, airports, agricultural areas, pastures, wetlands, sandy areas, snowy or icy areas, etc.)

	Assignment of roughness class does not depend on the orographic and topographic structure of the land. It may be assumed that the site belongs to class A or B, provided that the building is no less than 1 km within the relevant area and in any case no less than 20 times the height of the building, for all wind sectors at least 30° wide. It should be assumed that the site belongs to class D if the building is situated in an areas indicated by the letters A or B, or within a radius of 1 km from such areas, and there is a 30° wide sector where 90 % of the terrain is of the type indicated by the letter C. Where there is doubt as to the choice of the roughness class, the more unfavourable class should be assigned (the action of the wind is generally minimal in class A and maximal in class D). 
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Figure 3.3.2- Definition of categories of exposure
	ZONE 1,2,3,4,5
	ZONES 1,2,3,4,5

	mare
	sea

	costa
	coast

	Categoria II in zona 1,2,3,4
	Category II in zones 1,2,3,4

	Categoria III in zona 5
	Category III in zone 5

	Categoria III in zona 2,3,4,5
	Category III in zones 2,3,4,5

	Categoria IVin zona 1
	Category IV in zone 1

	ZONA 9
	ZONE 9

	Categoria II in zona 8
	Category II in zone 8

	Categoria III in zona 7
	Category III in zone 7
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Figure 3.3.3 - Coefficient of exposure variation ce in accordance with the height from the ground (forct = 1)
	z(m)
	z(m)

	Ce(z)
	Ce(z)


3.3.8.
AERODYNAMIC COEFFICIENTS
The coefficient of pressure cpdepends on the type and geometry of the building and on its orientation with respect to the direction of the wind. 
The coefficient of friction cfdepends on the roughness of the surface on which the wind exerts the tangential action. 
Both of these coefficients (defined aerodynamic coefficients) can be obtained from data supported by appropriate documentation or from experimental tests in a wind tunnel.
3.3.9.
COEFFICIENT OF DYNAMISM
The coefficient of dynamism shall take into account the reductive effects associated with the non-contemporaneity of the maximum local pressures and the amplified effects due to the dynamic response of the structure. 
The coefficient can be conservatively assumed as equal to 1 in commonplace buildings, such as buildings with a regular shape not exceeding 80 m in height and industrial sheds, or it can be determined through specific analysis or by referring to data of proven reliability.
3.3.10.
DESIGN WARNINGS 
Actions of the wind on long bridges, on tall buildings and more generally on buildings covering large areas or with a non-symmetrical shape can give rise to forces transversal to the direction of the wind and to tightening torques of considerable intensity. These actions can be further amplified by the dynamic response of the structure.
At the upper planes of tall buildings, actions of the wind can cause oscillations (especially floor accelerations) the consequences of which vary, with respect to the occupants, from non-perception to discomfort, and in some cases, to physiological intolerance.
For structures or slender structural elements of cylindrical shape, such as chimneys, telecommunications towers or individual elements of structural work, the dynamic effects induced at the alternating gaps of the swirls by the body struck by the wind should be taken into account. These effects may be particularly severe when the frequency of gaps of the swirls is equal to a natural frequency of the structure, giving rise to a phenomenon known as resonance . In this situation, the vibrations are greater when the structure is lightweight and poorly damped. The occurrence of resonance corresponding to relatively low wind speed, and therefore frequently, requires particular attention as regards fatigue. 
For particularly deformable, light and poorly damped structures, the interaction of the wind with the structure may give rise to aero-elastic actions that modify the natural frequencies and/or the damping of the structure and may cause phenomena of instability, such as gallop, torsional divergence and flutter. Gallop is typical for frozen cables or courses of trickling water, elements of structural work, and more generally structural elements of non-circular shape. Torsional divergence is typical for very thin sheets. Flutter is typical for suspension or stay-cable bridges, or for wing profiles. 
For structures or structural elements close together and with similar shape, e.g. high buildings, tanks, cooling towers, bridges, chimneys, cables, elements of structural work and tubes, interference phenomena may occur that modify the effects that wind could cause if it were acting on the same structures or isolated structural elements. These effects may increase the static, dynamic and aero-elastic action of the wind in an extremely severe manner. 
In all the above cases it is recommended to use data supported by appropriate documentation, or obtained by adequately substantiated means of analytical, numeric and/or experimental methods. 
3.4.
SNOW ACTIONS 
3.4.1.
SNOW LOADS ON ROOFING
The load caused by snow on roofing will be evaluated with the following expression: 
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[3.4.1]
where:
qsk
is the reference value of the snow load on the ground, as set out in § 3.4.2; 
µi 
is the shape coefficient of the roofing, as set out in § 3.4.3;
CE
is the coefficient of exposure as set out in § 3.4.4; 
Ct
is the thermal coefficient as set out in § 3.4.5. 
It is assumed that the snow load is acting in a vertical direction and refers to the horizontal projection of the surface of the roof. 
3.4.2.
REFERENCE VALUE OF THE SNOW LOAD ON THE GROUND 
The snow load on the ground depends on the local climate and exposure conditions, given the variability of snowfall from zone to zone. 
In the absence of adequate statistical surveys and specific local studies that take into account both the height and density of snowfall, the reference load of the snow on the ground for places at an altitude less than 1 500 m above sea level should not be considered less than that calculated on the basis of the expressions provided below, which correspond to values associated with a period of return of 50 years for the various areas indicated in Figure 3.4.1. This zoning does not take account of specific and local aspects that, if needed, should be defined individually. 
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Figure 3.4.1 – Snow load area
	Zone di carico della neve [kN/m2]
	Snow load area [kN/m2]


In the following expressions, the reference altitude as (expressed in m) is the altitude of the ground above sea level at the site where the construction is executed. 
Zone I – Alpine 
Aosta, Belluno, Bergamo, Biella, Bolzano, Brescia, Como, Cuneo, Lecco, Pordenone, Sondrio, Turin, Trento, Udine, Verbano-Cusio-Ossola, Vercelli, Vicenza: 
	qsk = 1.50 kN/m2
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	as ≤ 200 m
	[3.4.2]

	qsk = 1.39 [1 + (as/728)2] kN/m2
	as > 200 m
	


Zone I – Mediterranean 
Alessandria, Ancona, Asti, Bologna, Cremona, Forlì-Cesena, Lodi, Milan, Modena, Monza Brianza, Novara, Parma, Pavia, Pesaro e Urbino, Piacenza, Ravenna, Reggio Emilia, Rimini, Treviso, Varese: 
	qsk = 1.50 kN/m2
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	as ≤ 200 m
	[3.4.3]

	qsk = 1.35 [1 + (as/602)²] kN/m2
	as > 200 m
	


Zone II 
Arezzo, Ascoli Piceno, Avellino, Bari, Barletta-Andria-Trani, Benevento, Campobasso, Chieti, Fermo, Ferrara, Florence, Foggia, Frosinone, Genoa, Gorizia, Imperia, Isernia, L’Aquila, La Spezia, Lucca, Macerata, Mantova, Massa Carrara, Padua, Perugia, Pescara, Pistoia, Prato, Rieti, Rovigo, Savona, Teramo, Trieste, Venice, Verona: 
	qsk = 1.00 kN/m2
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	as ≤ 200 m
	[3.4.4]

	qsk = 0.85 [1 + (as/481)²] kN/m2
	as > 200 m
	


Zone III 
Agrigento, Brindisi, Cagliari, Caltanissetta, Carbonia-Iglesias, Caserta, Catania, Catanzaro, Cosenza, Crotone, Enna, Grosseto, Latina, Lecce, Livorno, Matera, Medio Campidano, Messina, Naples, Nuoro, Ogliastra, Olbia-Tempio, Oristano, Palermo, Pisa, Potenza, Ragusa, Reggio Calabria, Rome, Salerno, Sassari, Siena, Siracusa, Taranto, Terni, Trapani, Vibo Valentia, Viterbo: 
	qsk = 0.60 kN/m2
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	as ≤ 200 m
	[3.4.5]

	qsk = 0.51 [1 + (as/481)²] kN/m2
	as > 200 m
	


For altitudes greater than 1 500 m above sea level, local climate and exposure conditions should be referred to by using load values that are not lower than those defined for 1 500 m. 
For the execution of works in the construction phase or for transitional phases relating to maintenance of existing buildings, the period of return of the action can be reduced as specified below:
· for construction phases or transitional phases with design life expectancy of a duration not exceeding three months, it will be assumed that TR ≥ 5 years;
· for construction phases or transitional phases with design life expectancy between three months and one year, it will be assumed that TR ≥ 10 years.
3.4.3.
SHAPE COEFFICIENT OF ROOFING
3.4.3.1
General provisions
The shape coefficients for roofing depend on the shape of the roof, on the horizontal inclination of its component parts and on the local climatic conditions at the site where the building is situated.
In the absence of data supported by appropriate documentation, the nominal values of the coefficient of form for roofing µ1 with one or two pitches can be obtained from Table 3.4.II, where α, expressed in sexagesimal degrees, is the angle formed by the pitch with the horizontal.
Table 3.4.II – Values of coefficient of form
	Coefficient of form
	0°≤ α ≤ 30°
	30° < α < 60°
	α ≥ 60°

	(1
	0.8
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It is assumed that the snow is not prevented from sliding off. If the lowermost end of the pitch features a parapet, a barrier or another obstruction, then the coefficient of form cannot be assumed as less than 0.8 regardless of the angle α. 
For roofing with more pitches, for roofing with different shapes, as well as for roofing that is adjacent to taller buildings or for accumulation of snow against railings; or, more generally, for other situations considered significant by the designer, regulations or documents of proven validity should be referred to. 
3.4.3.2
Single pitch roof 
In the case of single pitch roofing, the load conditions set out in Figure 3.4.2.
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Figure 3.4.2 - Load conditions for single pitch roof
3.4.3.3
Two pitch roofing 
In the case of two pitch roofing, reference must be made to the three alternative load conditions referred to as case I, case II and case III in Figure 3.4.3. 
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Figure 3.4.3 - Load conditions for two pitch roofing
	Caso I
	Case I

	Caso II
	Case II

	Caso III
	Case III


3.4.4.
COEFFICIENT OF EXPOSURE 
The coefficient of exposure CEtakes into account the specific characteristics of the area in which the building is situated. Recommended values of this coefficient are provided in Table 3.4.I for different classes of exposure. Unless otherwise indicated, it will be assumed that CE = 1. 
Table 3.4.I – Values of CE for different classes of exposure 
	Topography
	Description
	CE

	Battered by winds
	Unobstructed flat areas, exposed on all sides, without buildings or higher trees
	0.9

	Normal
	Areas where there is not a significant clearing of snow from the building as a result of the wind due to the terrain, other buildings or trees
	1.0

	Sheltered
	Areas where the building in question is significantly lower than the surrounding terrain or is surrounded by buildings or higher trees
	1.1


3.4.5.
COEFFICIENT OF TEMPERATURE
The coefficient of temperature takes into account the reduction of the snow load, due to the melting of the same, caused by the loss of heat from the building. This coefficient depends on the thermal insulation properties of the material used in the roof. In the absence of a specific and documented study, C t = 1.
3.5.
TEMPERATURE ACTIONS
3.5.1.
GENERAL PROVISIONS 
Daily and seasonal variations of external temperatures, convection and solar radiation produce variations of temperature distribution in individual structural elements. 
The severity of thermal actions is generally influenced by several factors, such as the climatic conditions of the site, its exposure, the total mass of the structure and the possible presence of insulating non-structural elements. 
3.5.2.
TEMPERATURE OF THE EXTERNAL AIR 
The temperature of the external air, Test, can assume the value Tmax or Tmin , respectively defined as maximum summer and minimum winter temperature of air at the construction site, with reference to a period of return of 50 years. 
For the execution of works in the construction phase or for transitional phases relating to maintenance on existing buildings, the period of return of the action can be reduced as specified below:
· for construction phases or transitional phases with design life expectancy of a duration not exceeding three months, it will be assumed that TR ≥ 5 years;
· for construction phases or transitional phases with design life expectancy between three months and one year, it will be assumed that TR ≥ 10 years;
In the absence of adequate statistical surveys based on specific data relevant to the site in question, Tmax or Tmin should be calculated on the basis of the expressions set out below, for the various zones indicated in Figure 3.5.1. This zoning does not take account of specific and local aspects that, if needed, should be defined individually. 
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Figure 3.5.1 – External air temperature zones.
	ZONA
	ZONE


In the following expressions, Tmax or Tminare expressed in °C; the reference altitude as(expressed in m) is the altitude of the ground above sea level at the site where the construction is executed. 
Zone I 
Valle d’Aosta, Piedmont, Lombardy, Trentino Alto Adige, Veneto, Friuli-Venezia Giulia, Emilia-Romagna: 
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Zone II 
Liguria, Tuscany, Umbria, Lazio, Sardinia, Campania, Basilicata: 
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Zone III 
Marche, Abruzzo, Molise, Apulia: 
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Zone IV 
Calabria, Sicily: 
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3.5.3.
TEMPERATURE OF THE INTERNAL AIR 
In the absence of more precise evaluation combining the type of building with its intended use, the temperature of the air inside, Tint , can be assumed to be 20 °C. 
3.5.4.
DISTRIBUTION OF TEMPERATURE IN STRUCTURAL ELEMENTS 
The temperature range on the section of a mono-dimensional structural element with longitudinal axis x can generally be described by: 
a)
the uniform component ∆Tu = T − T0 equal to the difference between the average current temperature T and the initial temperature at the date of construction T0; 
b)
the variable components with linear law according to the main axes y and z of the section, ∆TMy and ∆TMz . 
In the case of structures subject to elevated thermal gradients, the effects induced by the non-linear variation of temperature within the sections will have to be taken into account. 
The average current temperature T can be calculated as the average between the temperature of the external surface Tsup,est and that of the internal surface of the element in question, Tsur,int. 
The temperature of the external surface, Tsur,ext, and that of the internal surface Tsur,int, of the element in question are evaluated on the basis of the external air temperature, Text, and that of the internal air temperature, Tint, taking into account the transfer of heat by radiation and by convection across the air-building interface as well as the possible presence of insulating material (see Figure 3.5.2). 
In the absence of more precise determinations, the initial temperature can be assumed as T0=15 °C. 
For the evaluation of the contribution of solar radiation, refer to Table 3.5.I. 
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Figure 3.5.2 - Variation of the internal temperature of a structural element
	ESTERNO
	EXTERNAL

	Test
	Text

	Tsup,est
	Tsur,ext

	MATERIALE ISOLANTE
	INSULATING MATERIAL

	INTERNO
	INTERNAL

	Tsup,int
	Tsur,int

	Tint
	Tint

	ELEMENTO STRUTTURALE
	STRUCTURAL ELEMENT


Table 3.5.I - Contribution of solar radiation 
	Season
	Nature of the surface
	Temperature increment

	
	
	surfaces exposed to the north-east
	surfaces exposed to the south-west or horizontally

	Summer 
	Reflective surface 
	0 °C 
	18 °C 

	
	Clear surface 
	2 °C 
	30 °C 

	
	Dark surface 
	4 °C 
	42 °C 

	Winter 
	0 °C 
	0 °C 


3.5.5.
THERMAL ACTIONS ON BUILDINGS 
In the event that the temperature does not necessitate fundamental action for safety or for functional efficiency of the structure, account should be taken, for buildings, of the single component ∆Tu , obtaining it directly from Table 3.5.II. 
Conversely, in the event that the temperature necessitates fundamental action for safety or for functional efficiency of the structure, variation of the temperature T in the sections of the structural elements should be evaluated more thoroughly by studying the transmission of heat. 
Table 3.5.II – Values of ∆Tu for buildings 
	Type of structure
	∆Tu

	Exposed structures of reinforced concrete and pre-stressed reinforced concrete 
	± 15 °C 

	Protected structures of reinforced concrete and pre-stressed reinforced concrete 
	± 10 °C 

	Exposed structures of steel 
	± 25 °C 

	Protected structures of steel 
	± 15 °C 


3.5.6.
PARTICULAR PRECAUTIONS IN STRUCTURAL DESIGN SUBJECTED TO SPECIAL THERMAL ACTIONS 
Structures and structural elements in contact with liquids, gases or solids at different temperatures, such as chimneys, pipes, silos, tanks, cooling towers, etc. should be designed taking into account the temperature distributions corresponding to their specific service conditions. 
3.5.7.
EFFECTS OF THERMAL ACTIONS 
For the evaluation of the effects of thermal actions, reference can be made to the coefficients of thermal expansion at ambient temperature αT as set out in Table 3.5.III. 
Table 3.5.III - Coefficients of thermal expansion at ambient temperature 
	Material
	αT [10–6/°C]

	Aluminium 
	24

	Structural work steel 
	12

	Structural concrete 
	10

	Mixed structures of steel-concrete 
	12

	Lightweight concrete 
	7

	Masonry 
	6 ÷ 10

	Wood (parallel to fibre) 
	5

	Wood (perpendicular to fibre) 
	30 ÷ 70


3.6.
EXCEPTIONAL ACTIONS 
Exceptional actions are those that occur during events such as fires, explosions or impacts. 
It is essential that buildings possess an adequate degree of robustness in accordance with the intended use of the building and the risk scenarios, and that exceptional actions relevant to the purposes of its design are identified, as indicated in § 2.2.5. 
For buildings in which it is necessary to limit the risk of fire for the protection of people and the public in general, as well as the neighbouring properties and goods directly exposed to any potential fire, specific checks on fire safety structural performance levels should be carried out.
Structures should also be checked with regard to explosions and impacts for plausible risk scenarios or at the request of the contracting authority.
Exceptional actions considered in the design will be combined with other actions by the rule of exceptional combination as set out in § 2.5.3. 
3.6.1.
FIRE 
3.6.1.1
Definitions 
Fire is the self-sustaining and uncontrolled combustion of combustible materials situated within a section. 
For the purposes of this standard, reference is made to a design conventional fire defined through a temperature-time fire curve that represents the variation, over time, of the average temperature of the combustion gas in the vicinity of the surface of the structural element. 
The design temperature-time fire curve can be: 
nominal:
curve adopted for the classification of buildings and for fire resistance checks of the conventional type; 
natural:
curve determined on the basis of models of fire and on the physical parameters that define the state variables within the section. 
The compartmentalisation capacity in the event of a fire is the ability of a constructional element to retain, under the action of fire, in addition to its stability, sufficient thermal insulation and a sufficient seal against fumes and hot combustion gases, as well as all other performance levels as required. 
The load-bearing capacity in the event of a fire is the ability of a structure, part of the structure or structural element to retain a sufficient mechanical resistance under the action of fire with reference to other actions taking place.
Fire resistance rating refers to the load-bearing capacity in the event of a fire for a structure, part of the structure or structural element, as well as the compartmentalisation capacity with respect to fire for structural separation elements such as walls and floors, and for non-structural separation elements such as doors and partitions. 
Fire section refers to a part of the building bounded by constructive elements suitable to guarantee, under the action of fire and for a given time interval, the capacity for compartmentalisation.
Fire load refers to the potential net heat of the totality of the combustible materials contained in a space, adjusted on the basis of the indicative parameters of the participation in the combustion of the individual materials. 
Specific fire load describes the fire load related to the gross surface area.
Design specific fire load refers to the specific fire load, adjusted on the basis of the fire risk indicator parameters of the section and of factors relating to these protection measures. 
The values of the design specific fire load (qf,d) are determined by the relationship: 

qf,d = qf · δq1 · δq2 · δn
[3.6.1]
where: 
	qf 
	is the nominal value of the fire load [MJ/m2]. 

	δq1 ≥ 1.00 
	is a factor that takes account of the risk of fire in relation to the surface of the section 

	δq2≥ 0.80 
	is a factor that takes account of the risk of fire in relation to the type of activity in the section 
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	is a factor that takes into account the different measures of fire protection (automatic extinguishing systems, detectors, hydrants, fire fighting teams, etc.) 


If there are high imbalances in the distribution of combustible materials in the section, the nominal value qf of the fire load is also calculated with reference to the actual distribution of the same. For highly concentrated distributions of combustible material, refer to the localised fire, evaluating, in any case, if the conditions exist for the development of a generalised fire. The guidance for the calculation of the design specific fire load are provided in the decree of the interior minister of 9 March 2007 and subsequent modifications and integrations.
Localised fire refers to an outbreak of fire involving a limited area of the fire section, with the development of heat concentrated in proximity of the structural elements placed above the outbreak or immediately adjacent. 
If wooden structural elements are present, it is possible to consider only a part of their contribution to the determination of the fire load, to be defined with reference to recognised standards or documents of proven validity. 
3.6.1.2
Performance requirements 
The performance required of the structures of a building, in accordance with the objectives defined in § 2.2.3, are identified in terms of levels in Table 3.5.IV. 
Table 3.5.IV - Performance levels in the event of a fire 
	Level I 
	No specific fire resistance requirement when the consequences of the collapse of the structures are acceptable or where the risk of fire is negligible; 

	Level II 
	Ability of structures to maintain fire resistance requirements for a period sufficient to ensure the evacuation of occupants to a safe area outside of the building; 

	Level III 
	Ability of structures to maintain fire resistance requirements for a reasonable period during the management of an emergency; 

	Level IV 
	Requirements for fire resistance of structures to ensure, at the end of the fire, that there is limited damage to the structures themselves; 

	Level V 
	Requirements for fire resistance of structures to ensure, at the end of the fire, that the affected structures are maintained and returned to their full operational functionalities.


Performance levels require fire resistance classes to be established for different types of buildings. In particular, for buildings in which activities take place that are subject to the control of the Italian National Fire Service, or governed by specific technical rules for fire prevention, performance levels and related classes of fire resistance are established by the regulations issued by the Ministry of the Interior in accordance with Legislative Decree No 139 of 8 March 2006, as subsequently amended and supplemented. 
Performance levels and related classes of fire resistance are identified in relation to the intended use of the building, the type and the quantity of combustible material present therein, its area and height, its maximum occupancy and the fire protection measures taken during its construction.
3.6.1.3
Fire resistance classes 
The fire resistance classes are: 15, 20, 30, 45, 60, 90, 120, 180, 240 and 360; these express the time, in minutes, during which fire resistance should be guaranteed. 
The fire resistance classes are with reference to a conventional fire, represented by the nominal temperature-time fire curve. 
3.6.1.4
Design criteria 
The design of structures should ensure that under fire conditions they achieve the performance indicated in § 3.6.1.2. 
The safety of the structural system in the event of fire is determined on the basis of the fire resistance of the individual structural elements, of portions of the structure or of the entire structural system. 
3.6.1.5
Fire resistance analysis procedure 
Fire resistance analysis can be structured as follows: 
-
identification of the appropriate design fire at the building in question; 
-
analysis of the temperature pattern within the structural elements; 
-
analysis of the mechanical behaviour of the structures exposed to the fire;
-
safety verification. 
3.6.1.5.1
Design fire 
According to the adopted design conventional fire, the variation of the temperature is evaluated with reference to one of the two following conditions:
- nominal fire curve, to be identified between those indicated below for the time exposure interval equal to the anticipated fire resistance class, without any cooling phase,
- natural fire curve, to be identified taking account of the entire duration of the same, including the cooling down to ambient temperature.
In the event of a fire with combustible materials mainly of cellulose nature, the reference nominal fire curve is the standard nominal fire curve defined as follows:
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[3.6.2]
where θg is the temperature of hot gases, expressed in °C, and t is the time expressed in minutes. 
In the event of fires involving significant amounts of hydrocarbons or other substances with equivalent heat release speed, the standard nominal fire curve can be replaced by the following nominal hydrocarbon curve: 
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[3.6.3]
In the event of fires developing within a section but involving structures situated outside of that section, for the latter, the standard nominal fire curve can be replaced with the following external nominal curve: 


[image: image77.wmf][

]

C

20

)

e

313

,

0

e

687

,

0

1

(

660

t

8

,

3

t

32

,

0

g

°

+

×

-

×

-

=

q

-

-


[3.6.4]
Design conventional fires are generally applied to one section of the building at any one time. 
Specific nominal curves for describing particular fire scenarios (tunnel curves, slow heating curves, etc.),are allowed, provided that they are proven to be valid.
3.6.1.5.2
Analysis of the temperature pattern 
The temperature range within the components of the structure is evaluated by solving the corresponding problem of heat propagation, taking into account the transfer of heat by radiation and convection from the combustion gases to the external surface of the elements and by considering the possible use of protective materials. 
3.6.1.5.3
Analysis of the mechanical behaviour 
The mechanical behaviour of the structure is analysed taking into account the reduction of the mechanical resistance of the components due to damage to the materials from the effect of the increase in temperature. 
The analysis of the mechanical behaviour should be carried out for the same time period used in the analysis of the temperature pattern. 
The presence of permanent and variable actions that act simultaneously with the fire, according to their unique combination, should be taken into account. 
The possibility of a combination of fire with other unique actions and with seismic actions is not taken into account. 
The effects of indirect stresses due to contrasting thermal expansions should be taken into account, where necessary, except in the following cases: 
-
if it is recognised a priori that they are negligible or favourable; 
-
if they are implicitly taken into account in simplified and conservative models of structural behaviour under fire conditions. 
Indirect stresses, due to structural elements adjacent to those under consideration, can be neglected when the fire safety requirements are evaluated with reference to the nominal fire curve and to fire resistance classes.
3.6.1.5.4
Safety verification 
The verification of fire resistance is performed by checking that the mechanical resistance is maintained for the time corresponding to the fire resistance class of the structure with reference to the nominal fire curve. 
In the event that reference is made to a natural fire curve, analysis and checks should be extended to the entire duration of the fire, including the cooling phase. 
Subject to compliance with the laws enacted pursuant to the legislative provisions pursuant to Legislative Decree 139/2006, in the event where the requirements of the fire resistance of structures should be maintained for a limited period (for example, performance level II of Table 3.5.IV), the verification of the bearing capacity of the structures may be limited to an exposure time to the natural fire congruent with the chosen performance level. 
3.6.2.
EXPLOSIONS 
3.6.2.1
General provisions 
The effects of explosions should be taken into account in the design of those buildings in which explosive mixtures of powders or gas in air may present themselves, or in which explosive materials are contained. 
Actions deriving from explosions that occur outside of the building are excluded from this chapter. 
3.6.2.2
Classification of actions due to explosions 
Design actions due to explosions are classified on the basis of the effects that they can have on buildings, in three categories, as indicated in Table 3.6.I. 
Table 3.6.I - Categories of actions due to explosions 
	Category of action
	Possible effects

	1
	Negligible effects on structures 

	2
	Localised effects on part of the structures 

	3
	General effects on structures 


3.6.2.3
Modelling of actions due to explosions 
Explosions exert shock waves on buildings. For typical buildings, it is acceptable for these shock waves to be conventionally ascribed to equivalent static pressure distributions, provided that they are proven by adequate theoretical models. 
No form of verification is required for category 1 explosions. 
For category 2 explosions, where suitable, venting panels are present in environments at risk of explosion; the nominal equivalent static pressure can be used, expressed in kN/m², taken from the larger value of those provided by the expressions: 
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[3.6.5b]
where: 
pv
is the static pressure evenly distributed at which the openings of the vents yield, in kN/m2
Av
is the area of the opening of the vents, in m²
V
is the volume of the environment, in m³
The ratio between the area of the venting components and the volume to be protected should satisfy the following relationship: 
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[3.6.6]
These expressions are valid in environments or areas of buildings the total volume of which does not exceed 1 000 m³. 
The pressure due to the explosion is expected to act simultaneously on all the walls of the environment or group of environments considered. 
However, all the key elements and their connections should be designed to withstand a static pressure equivalent to the design value pd= 20 kN/m², applied from every direction, together with the reaction that is expected to be transmitted directly to the structural members of the key element from each constructive element, connected thereto, also subject to the same pressure. 
For category 3 explosions, more in-depth studies should be carried out. 
3.6.2.4
Design criteria 
Localised damage and severe damage due to explosions is considered acceptable if it does not expose the entire structure to danger, and if the load-bearing capacity is maintained for a sufficient time to ensure that the necessary emergency measures can be taken. 
Appropriate protection measures may be adopted in the design, such as: 
-
the introduction of surfaces capable of collapsing under predetermined over-pressures; 
-
the introduction of structural joints in order to separate portions of the building at risk of explosion from others; 
-
prevention of significant collapses as a result of localised structural failure. 
3.6.3.
IMPACTS 
3.6.3.1
General provisions 
In the following, appropriate actions are defined for: 
‒
impacts from vehicular traffic; 
‒
impacts from railway traffic; 
‒
impacts from boats and aircraft. 
Exceptional actions due to natural phenomena such as falling rocks, landslides or avalanches are not taken into consideration. 
3.6.3.2
Classification of actions due to impacts 
Design actions due to impacts are classified on the basis of the effects that they can have on buildings, in three categories, as indicated in Table 3.6.II. 
Table 3.6.II – Categories of action 
	Category of action
	Possible effects

	1
	Negligible effects on structures 

	2
	Localised effects on part of the structures 

	3
	General effects on structures 


Actions due to impacts should be applied to those structural elements or their protective systems for which relative consequences belong to categories 2 and 3. 
3.6.3.3
Impacts from vehicular traffic 
3.6.3.3.1
Vehicular traffic under bridges or other structures 
Impact actions have a direction parallel to that of the motion of the vehicle at the moment of impact. During verification, two actions may be considered, not simultaneously, in directions parallel (Fd,x) and perpendicular (Fd,y) to the normal direction of travel, with 
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[3.6.7]
In the absence of more accurate determinations and overlooking the structure's capacity of loss, equivalent static forces may be adopted, as set out in Table 3.6.III. 
Table 3.6.III – Static forces equivalent to vehicle impacts 
	Road type
	Vehicle type
	Force
Fd,x [kN]

	Motorways, non-urban roads
	-
	1 000

	Local roads
	-
	750

	Urban roads
	-
	500

	Parking areas and garages
	Cars 
	50

	
	Vehicles for the transport of goods, with a maximum weight greater than 3.5 t 
	150


For car impacts on vertical structural members, the resultant force of collision F should be applied on the structure 0.5 m above the travel surface. The area of application of the force is 0.25 m (height) for the smallest value between 1.50 m and the width of the member (width). 
For impacts on vertical structural members, the resultant force of collision F should be applied on the structure 1.25 m above the travel surface. The area of application of the force is 0.5 m (height) for the smallest value between 1.50 m and the width of the member (width). 
In the case of impacts on horizontal structural elements above the road, the resulting force of collision F to be used for the verification of the static equilibrium or resistance or deformation capacity of the structural elements is given by: 

F = r Fd,x
[3.6.8]
where the factor r is equal to 1.0 for heights of underpasses up to 5 m, and decreases linearly from 1.0 to 0 for heights between 5 and 6 m and is equal to 0 for heights greater than 6 m. The force F is applied on vertical surfaces (statement of the structural element). 
On the intrados of the structural element, loads from impact F referred to above with an inclination with respect to the horizontal of 10° upwards should be considered the same. 
The area of application of the force is assumed as equal to 0.25 per 0.25 m. 
In constructions where forklifts are regularly present, a horizontal static action can be considered equivalent to accidental impacts, applied to the height of 0.75 m from the plane, equal to 

F = 5 W
[3.6.9]
where W is the total weight of the forklift and the maximum transportable load. 
3.6.3.3.2
Vehicular traffic over bridges 
In the absence of specific requirements, in the structural design of bridges, forces caused by accidental collisions on safety elements through a horizontal force equivalent to a collision equal to 100 kN may be taken into account. This represents the effect of the impact to be transmitted to the bearings and should be considered as acting transversely and horizontally 100 mm below the top of the element or 1.0 m above the level of the plane of travel, whichever value is less. 
The actions to be considered in the local checks of the ground should be defined in accordance with § 5.1.3.10.
Vehicle collision forces on structural elements, possibly located above the level of the roadway, are specified in § 3.6.3.3.1
3.6.3.4
Impacts from railway traffic 
During the occurrence of a derailment there may be a risk of collision between derailed vehicles and structures adjacent to the railway. The latter should be designed in such a way as to withstand the consequent actions of this occurrence. 
Said actions should be determined on the basis of a specific risk analysis, bearing in mind the presence of any protective or sacrificial elements (buffers) or of conditions of use that may reduce the risk of the event occurring (pavements, check-rails, etc.). These actions do not apply to supports of canopies or of railway premises shelters.
In the absence of specific risk analysis the following equivalent static actions may be adopted, depending on the distance "d" of the exposed elements from the axis of the track: 
▪
for d ≤ 5 m: 
-
4 000 kN parallel to the direction of travel of train convoys; 
-
1 500 kN perpendicular to the direction of travel of train convoys; 
▪
for 5 m < d ≤ 15 m: 
-
2 000 kN parallel to the direction of travel of train convoys; 
-
750 kN perpendicular to the direction of travel of train convoys; 
▪
for d > 15 m equal to zero in both directions. 
These forces should be applied at 1.80 m from the rail head and should not be considered simultaneous agents. 
3.6.3.5
Impacts from boats and aircraft
Actions resulting from boat and aircraft impact should be evaluated on the basis of guidance provided by documents of proven validity, set out in Chapter 12. 
CHAPTER 4.
CIVIL AND INDUSTRIAL BUILDINGS
 TC " CHAPTER 4 - CIVIL AND INDUSTRIAL BUILDINGS" \f C \l "1" 
4.1.
CONCRETE CONSTRUCTIONS 
The following structures are subject to these standards: 
–
normal reinforced concrete (reinforced cement) 
–
pre-stressed reinforced concrete (pre-stressed reinforced concrete) 
–
concrete with a low percentage of reinforcement or non-reinforced concrete
with reference to concrete of normal weight and excluding those constructions for which a special regulatory measure exists.
Supplementary rules for lightweight aggregate concrete structures are also provided in § 4.1.12.
The following are intended for ordinary concrete and concretes in accordance with § 4.1 and with § 11.2, excluding concretes with lightweight aggregates (LC) as set out in § 4.1.12 and those that are fibre-reinforced (FRC) as set out in § 11.2.12. 
For the purposes of the evaluation of the behaviour and the strength of concrete structures, these are titled and identified by the strength class distinguished by the characteristic values of the cylindrical and cubic uniaxal compressive strengths, respectively measured on cylindrical (or prismatic) and cubic test pieces, expressed in MPa (§ 11.2). 
For standardised strength classes for normal concrete, reference can be made to UNI standards EN 206 and UNI 11104. 
On the basis of normal designation, the strength classes are defined in Table 4.1.I. 
Table 4.1.I – Strength classes 
	Strength class 

	C8/10 

	C12/15 

	C16/20 

	C20/25 

	C25/30 

	C30/37 

	C35/45 

	C40/50 

	C45/55 

	C50/60 

	C55/67 

	C60/75 

	C70/85 

	C80/95 

	C90/105 


Other strength classes set out in Table 4.1.I can take into consideration the strength classes C28/35 and C32/40 already in use.
Concretes of different classes of strength are used as described in Table 4.1.II, without prejudice to the limits arising from compliance with durability. 
For strength classes greater than C70/85, refer to case C in § 11.1. 
For strength classes greater than C45/55, the characteristic strength and all mechanical and physical parameters that influence the strength and durability of the concrete are to be examined before work begins through an appropriate preliminary trial, and production should follow specific quality control procedures. 
Table 4.1.II – Use of different strength classes 
	Intended structures
	Minimum strength classes

	For non-reinforced structures or those with low percentage of reinforcement (§ 4.1.11) 
	C8/10

	For standard reinforced structures 
	C16/20

	For pre-stressed structures 
	C28/35


4.1.1.
SAFETY EVALUATION AND ANALYSIS METHODS 
Safety evaluation should be conducted in accordance with the fundamental principles and methods specified in Chapter 2. 
In particular, for structural analysis, in order to evaluate the effects of actions, the following methods should be adopted: 
a)
linear elastic analysis; 
b)
plastic analysis; 
c)
non-linear analysis. 
When relevant, second order effects are to be considered in the different analysis methods mentioned above (§ 4.1.1.4). 
Global analysis has the aim of establishing the distribution of internal forces, tensions, deformations and displacements in the entire structure or a part thereof.
Local analysis may be needed in individual zones such as the following: 
–
in the vicinity of bearings; 
–
in correspondence with concentrated loads; 
–
at beam-column intersections; 
–
in anchorage zones;
–
in correspondence with cross-sectional variations. 
4.1.1.1
Linear elastic analysis
Linear elastic analysis may be used to evaluate the effects of actions for both ultimate and serviceability limit states. 
To determine the effects of actions, analysis will be carried out adopting: 
–
entirely reactant sections with measured stiffness referring only to concrete; 
–
linear deformation tension relationships; 
–
average values of elasticity. 
To determine the effects of thermal deformations, possible subsidence and shrinkage, analysis will be carried out by adopting: 
–
for ultimate limit states, measured reduced rigidity by assuming that the sections are cracked (in the absence of more accurate evaluations, the stiffness of the cracked sections can be assumed to be equal to half of the stiffness of the entirely reactant sections); 
–
for serviceability limit states, intermediate stiffness between those of the entirely reactant sections and those of the cracked sections. 
For ultimate limit state checks only, the results of the elastic analysis can be modified with a redistribution of torque with respect to the equilibrium and the plastic rotation capacity of the sections where the redistribution is located. In particular, redistribution is not permissible for pillars and intersections of frames; redistribution is permissible for continuous beams, beams of frames in which second order effects are negligible and slabs, on condition that bending stresses are prevalent and the ratios between spans of adjacent bays are within the range 0.5–2.0. 
For beams and slabs that satisfy the stated conditions, the redistribution of bending torque can be carried out without explicit checks on the ductility of structural members, so long as the ratio δ between the torque after the redistribution and the torque before the redistribution is 1≥δ≥ 0.70. 
The values δ are obtained from the expressions: 
δ≥0.44 +1.25 · (0.6+0.0014/εcu)x / d
for fck≤ 50 MPa
[4.1.1]
δ≥0.54 +1.25 · (0.6+0.0014/εcu)x / d
for fck> 50 MPa
[4.1.2]
where x is the height of the compressed area after the redistribution, d is the effective height of the section (Figure 4.1.4) and εcu is defined in § 4.1.2.1.2.1. 
For continuous beams, beams of frames in which second order effects are negligible and slabs, the x/d ratio at critical sections should not exceed the value 0.45 for fck ≤ 50 MPa and 0.35 for fck > 50 MPa.
4.1.1.2
Plastic analysis
Plastic analysis can be used to evaluate the effects of static actions only for ultimate limit states. 
A rigid-plastic, tension-deformations diagram can be attributed to the material, verifying that the ductility of the sections, where plasticisations are localised, is sufficient to ensure the formation of the anticipated mechanism. 
In the analysis, the effects of previous applications of the load are neglected, and a monotonous increase of the intensity of the actions is assumed as well as the constancy of the ratio between their intensity, so as to arrive at a single collapse multiplier. The analysis can be of the first or second order. 
4.1.1.3
Non-linear analysis
Non-linear analysis may be used to evaluate the effects of static and dynamic actions for both ultimate and serviceability limit states, provided that the equilibrium and congruence are satisfied. 
A rigid-plastic, tension-deformations diagram can be attributed to the material, which adequately represents actual behaviour, verifying that the sections where the plasticisations are localised are able to support all non-elastic deformations derived from the analysis at the ultimate limit state while taking appropriate consideration of uncertainties. 
In the analysis, the effects of previous applications of the load are neglected, and a monotonous increase of the intensity of the actions is assumed as well as the constancy of the ratio between their intensity. The analysis can be of the first or second order. 
4.1.1.4
Effects of deformations
In general, it is possible to carry out:
-
first order analysis, imposing equilibrium on the initial configuration of the structure; 
-
second order analysis, imposing equilibrium on the deformed configuration of the structure. 
Global analysis can be carried out with first order theory in cases where the effects of deformations on the magnitude of the stresses, on instability phenomena and on any other relevant structural response parameters may be considered negligible. 
Second order effects may be disregarded if they are inferior to 10 % of the corresponding first order effects, or if they observe the conditions set out in § 4.1.2.3.9.2. 
4.1.2.
LIMIT STATE VERIFICATION
4.1.2.1
Materials 
4.1.2.1.1
Design material strength 
4.1.2.1.1.1
Design compressive strength of concrete 
For concrete, the design compressive strength, fcd , is: 

fcd =αccfck / γc
[4.1.3]
where: 
αcc
is the reductive coefficient for long-term strength;
γc
is the partial safety coefficient related to concrete; 
fck
is the cylindrical characteristic compressive strength of the concrete at 28 days. 
The coefficient γcis equal to 1.5. 
The coefficient αccis equal to 0.85. 
For flat elements (slabs, walls, etc.) cast in-situ with ordinary concrete and with a thickness less than 50 mm, the design compressive strength should be reduced to 0.80 fcd. 
The coefficient γc may be reduced from 1.5 to 1.4 for continuous production of elements or structures, subject to continuing checks of concrete, which results in a coefficient of variation (ratio between the standard deviation and the average value) of strength not greater than 10 %. Said productions should be included in a quality system as set out in § 11.8.3. 
4.1.2.1.1.2
Design tensile strength of concrete 
The design tensile strength, fctd , applies: 

fctd = fctk/ γc
[4.1.4]
where: 
γc
is the partial safety coefficient related to concrete, already defined in § 4.1.2.1.1.1;
fctk
is the characteristic tensile strength of concrete (§ 11.2.10.2). 
The coefficient γc assumes the value 1.5. 
For flat elements (slabs, walls, …) cast in-situ with ordinary concrete and with a thickness less than 50 mm, the design tensile strength should be reduced to 0.8 fctd. 
The coefficient γc may be reduced from 1.5 to 1.4 in cases specified in § 4.1.2.1.1.1.
4.1.2.1.1.3
Design steel strength 
The design steel strength fyd refers to the yield stress, and its value is given by: 

fyd = fyk/ γs
[4.1.5]
where:
γs
is the partial safety coefficient of steel; 
fyk
for ordinary reinforcement is the tension characteristic of yield stress of the steel (§ 11.3.2) for pre-stressed reinforced, it is the conventional tension characteristic of yield strength given, depending on the type of product, by fpyk (bars), fp(0.1)k (wires), fp(1)k (strands and plaited bands); in particular, see Table 11.3.VIII. 
The coefficient γs always assumes, for all types of steel, the value 1.15. 
4.1.2.1.1.4
Tangential stress of steel-concrete bond
The design tangential bond strength fbd applies: 
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where: 
(c
is the partial safety coefficient related to concrete, equal to 1.5;
fbk
is the tangential characteristic of bond strength provided by: 
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[4.1.7]
where 
η1 =
1.0 under good bond conditions;
η1 =
0.7 under poor bond conditions, such as in cases of highly compact reinforcements, anchorages in the tension zone, anchorages in the upper areas of casting or in structural elements made with sliding formworks, unless appropriate measures are taken; 
η2 =
1.0 per bar of diameter Φ ≤ 32 mm
η2 =
(132 - Φ)/100 per bar of greater diameter
The length of the design anchorage and the length of overhanging are influenced by the shape of the bars, by the reinforcement covering, by the effect of the confinement of the transversal reinforcement, by the presence of welded transversal bars, by the transverse pressure along the length of the anchorage and by the percentage of overhung reinforcement with respect to the total reinforcement. For detailed rules to be adopted, refer to Section 8 of UNI EN 1992-1-1:2015.
4.1.2.1.2
Design material diagrams
4.1.2.1.2.1
Design concrete tension-deformation diagrams 
For the concrete tension-deformation diagram, it is possible to adopt appropriate models representative of the actual behaviour of the material defined on the basis of the design strength fcd and of the ultimate design deformation εcu . 
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Figure 4.1.1 – Models σ-ε for concrete
In Figure 4.1.1, the models σ-ε for concr ete are represented: 
(a) parabolic-rectangle; (b) triangle-rectangle; (c) rectangle (stress block). 
In particular, for strength classes equal to or less than C50/60 it can be: 
εc2 = 0.20%
εcu = 0.35%
εc3 = 0.175%
εc4 = 0.07%
For strength classes greater than C50/60 it can be: 
εc2 = 0.20% +0.0085%(fck −50)0.53
εcu = 0, 26% +3.5% [(90 − fck) /100] 4
εc3 = 0.175% +0, 055% [(fck −50)/40 ]
εc4 = 0, 2 ( εcu
as long as appropriate limitations are adopted when using the model (c). 
For sections or parts of sections subject to distributions of approximately even compressive stress, for the ultimate design deformation the value εc2 is assumed instead of εcu. 
Confined concrete
For the confined concrete tension-deformation diagram, it is possible to adopt appropriate models representative of actual behaviour of materials in a triaxial state. These models can be adopted in the calculation of both the final strength and the ductility of the sections and should only be applied to confined zones in the section.
The confinement of the concrete is normally created by closed supports and internal bonds, which can reach the yield stress due to the lateral expansion of the same concrete to which they are tightening to oppose. The confinement allows the concrete to reach tensions and deformations higher than those typical of unconfined concrete. The other mechanical characteristics can be considered unchanged.
In the absence of more precise determinations based on analytical models of proven validity, the tension-deformation relationship represented in Figure 4.1.2 can be used (where deformations of compression are assumed positive), in which the characteristic strength and deformations of the confined concrete are evaluated according to the following relationships:
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where σ2 is the effective lateral confining pressure to the LLS while c2 and cu are evaluated according to al § 4.1.2.1.2.1.
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Figure 4.1.2 – Models σ-ε for confined concrete
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The effective confining pressure σ2can be determined through the following relationship:
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where  is a coefficient of efficiency ( ≤ 1), defined as the ratio between the volume Vc,effof concrete effectively confined and the volume Vc of the element of concrete, purified from that of longitudinal reinforcements (generally negligible) and σl is the confinement pressure exerted by transversal reinforcements.
The lateral pressure can be evaluated, for each main direction of the section, directly from equilibrium considerations on the confined core in correspondence with the yield stress of the transversal reinforcement, as indicated below.
a) For rectangular sections
For the two main directions of section x and y, the respective relationships apply:
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[4.1.12.b]
where Ast,x and Ast,y are the total quantity (section areas) of transversal reinforcement in a parallel direction, respective to the main directions x and y, bx and by are the dimensions of the confined core in the corresponding directions (with reference to the mid-line of the supports), s is the pitch of the supports, and fyk,st is the tension characteristic of the steel of the supports. 
The equivalent lateral pressure σl can be determined through the relationship:
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[4.1.12.c]
b) For circular sections
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[4.1.12.d]
where: Ast is the area of the support section, D0 is the diameter of the confined core (with reference to the mid-line of the supports).
The coefficient of efficiency  can be evaluated as the product of a term relating to the arrangement of the transverse reinforcements in the plane of the section and of a term relating to the pitch of the supports, through the relationship:
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where:
a)
for rectangular sections
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[4.1.12.f]


[image: image100.wmf](

)

[

]

(

)

[

]

y

x

s

b

2

s/

1

b

2

s/

1

α

×

-

×

×

-

=


[4.1.12.g] 
where: n is the total number of longitudinal bars contained laterally by supports or bonds, biis the distance between consecutive contained bars.
b)
for circular sections
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[4.1.12.i] 
where:  = 2 for single circular supports,  = 1 for spiral supports.
In the evaluation of the capacity of the section, the contribution of the reinforcement covering should not be considered in zones outside the confined core in which the maximum deformation exceeds the ultimate deformation of the unconfined concrete.
In the event of the use of reinforcements specially designed for the confinement of elements, it is possible to consider models of behaviour set out in technical reference materials of proven validity.
4.1.2.1.2.2
Design steel tension-deformation diagrams
For the steel tension-deformation diagram it is possible to adopt appropriate models representative of the actual behaviour of material or models defined on the basis of the design value εud = 0.9εuk (εuk = (Agt)k) of the ultimate uniform deformation, at the design yield stress value fyd and of the over-resistance relationship k = (ft / fy)k (Table 11.3.Ia-b). 
In Figure 4.1.3, the models σ-ε for steel are represented: 
(a) bilinear finish with hardening; (b) indefinite perfectly-elastic plastic. 
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Figure 4.1.3 – Models σ-ε for steel
4.1.2.2
Serviceability limit states 
4.1.2.2.1
General information
Compliance with the following limit states should be verified: 
· deformation, 
· vibration, 
· cracking, 
· operating stresses, 
· fatigue as regards possible damage that could affect durability, for which specific rules are defined in the following points. 
4.1.2.2.2
Deformation limit states
Deformation limits should be congruent with the performance required of the structure even in relation to its intended use, with reference to static, functional and aesthetic needs. 
Limit values should be appropriate to specific needs and may be inferred from technical documentation of proven validity. 
4.1.2.2.3
Vibration limit states
When required, limits for vibrations should be identified: 
· to ensure acceptable levels of well-being (from the point of view of sensations perceived by users), 
· to prevent possible damage to secondary elements and to non-structural components, 
· to avoid possible damage that will affect the operation of machinery and equipment. 
4.1.2.2.4
Cracking limit states
In order of decreasing severity, for combining predetermined actions, a distinction is made between the following limit states: 
a)
Decompression limit state, in which the normal stress is similar to compression at most equal to 0; 
b)
Crack formation limit state, in which the normal tensile tension in the most stressed fibre is: 
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where fctm is defined in § 11.2.10.2; 
c)
Crack opening limit state, at which the limit value for the opening of the crack calculated at the level concerned is equal to one of the following nominal values: 
w1 = 0.2 mm
w2 = 0.3 mm
w3 = 0.4 mm 
The cracking limit state should be fixed in accordance with environmental conditions and the sensitivity of the reinforcements to corrosion, as described below. 
4.1.2.2.4.1
Combining actions
The following combinations should be taken into consideration: 
· quasi-permanent combinations; 
· frequent combinations. 
4.1.2.2.4.2
Environmental conditions
For the purposes of protection against corrosion of metallic reinforcements and protection against deterioration of concrete, environmental conditions may be divided into levels (aggressive and very aggressive) in relation to that indicated in Table 4.1.III with reference to the classes of exposure defined in “Guidelines for structural concrete” issued by the Central Technical Department of the Superior Council of Public Works as well as in UNI EN 206:2016 . 
Table 4.1.III – Description of environmental conditions 
	Environmental conditions
	Exposure class

	Ordinary 
	X0, XC1, XC2, XC3, XF1 

	Aggressive 
	XC4, XD1, XS1, XA1, XA2, XF2, XF3 

	Very aggressive 
	XD2, XD3, XS2, XS3, XA3, XF4 


4.1.2.2.4.3
Sensitivity of the reinforcements to corrosion 
Reinforcements are separated into two groups: 
–
sensitive reinforcements; 
–
less sensitive reinforcements. 
Pre-stressed steels belong to the first group. 
Ordinary steels belong to the second group.
For galvanised and stainless steels, their lower sensitivity to corrosion may be taken into account on the basis of documentation of proven validity. 
4.1.2.2.4.4
Selection of cracking limit states 
In Table 4.1.IV, the selection criteria for cracking limit states are indicated, with reference to the above. 
Table 4.1.IV - Selection criteria for cracking limit states 
	Groups of needs
	Environmental conditions
	Combinations of actions
	Reinforcement

	
	
	
	Sensitive
	Less sensitive

	
	
	
	Limit state
	wk
	Limit state
	wk

	A
	Ordinary
	frequent 
	crack opening 
	≤ w2
	crack opening 
	≤ w3

	
	
	quasi-permanent 
	crack opening 
	≤ w1
	crack opening 
	≤ w2

	B
	Aggressive
	frequent 
	crack opening 
	≤ w1
	crack opening 
	≤ w2 

	
	
	quasi-permanent 
	decompression 
	-
	crack opening 
	≤ w1

	C
	Very aggressive
	frequent 
	crack formation 
	-
	crack opening 
	≤ w1

	
	
	quasi-permanent 
	decompression 
	-
	crack opening 
	≤ w1


w1, w2, w3 are defined in § 4.1.2.2.4; the value wk is defined in § 4.1.2.2.4.5. 
4.1.2.2.4.5
Cracking limit states verification 
Decompression limit state and crack formation 
Tensions are calculated on the basis of the geometrical and mechanical characteristics of the uncracked homogenised section. 
Crack opening limit state 
The characteristic value of the crack opening (wk) should not exceed the nominal values w1, w2, w3 as set out in Table 4.1.IV. 
The breadth characteristic of the cracking wk is calculated as 1.7 times the product of the average deformation of the reinforcement bars εsm for the average distance between the cracking ∆sm: 

wk = 1.7 εsm ∆sm
[4.1.14]
For the calculation of εsm e ∆sm consolidated criteria set out in documents of proven validity should be used. 
Verification of the breadth of the cracking can also be carried out without direct calculation by limiting the tensile tension in the reinforcement, evaluated in the partialised section for the relevant load combination, to a maximum correlated to the diameter of the bars and to their spacing.
4.1.2.2.5
Tension limitation limit state
The internal actions in various parts of the structure are evaluated, and due to their combined characteristics and the quasi-permanency of their actions, the maximum tensions are calculated, both in the concrete and in the reinforcements; checks should be made to ensure that these tensions are lower than the maximum permissible values as set out below. 
4.1.2.2.5.1
Maximum compressive stress of concrete under operating conditions 
The maximum compressive stress of concrete σc,max should comply with the following limitation: 

σc,max ≤ 0.60 fck for characteristic combinations
[4.1.15]

σc,max ≤ 0.45 fck for quasi-permanent combinations.
[4.1.16]
For flat elements (slabs, walls, ...) cast in-situ with ordinary concrete and with concrete thickness of less than 50 mm, the limit values described above shall be reduced by 20 %. 
4.1.2.2.5.2
Maximum tension of steel under operating conditions 
The maximum tension, σs,max, as a result of the actions due to the characteristic combination, should comply with the following restriction: 

σs,max ≤ 0,8 fyk
[4.1.17]
4.1.2.3
Ultimate limit states 
4.1.2.3.1
General information 
Compliance with the following limit states should be verified: 
· resistance, 
· ductility.
4.1.2.3.2
Limit state of resistance
Compliance with the following limit states should be verified:
· flexural resistance in the presence and absence of axial stress,
· sheer resistance and punching,
· resistance to torsion,
· resistance of swollen elements,
· fatigue resistance,
· stability of slender elements.
4.1.2.3.3
Limit state of ductility
Reference should be made, where necessary, to § 7.4 of these standards in accordance with the following limit state:
· flexural ductility in the presence and absence of axial stress.
4.1.2.3.4
Flexural resistance and maximum ductility in the presence and absence of axial stress
4.1.2.3.4.1
Basic assumptions 
For the evaluation of flexural resistance of sections of one-dimensional elements in the presence and absence of axial stress, the following assumptions will be adopted: 
–
preservation of flat sections; 
–
perfect bonding between steel and concrete;
–
initial deformation of the pre-stressed reinforcement in question in the congruence relation of the section. 
–
zero tensile resistance of the concrete. 
4.1.2.3.4.2
Resistance and ductility verification 
With reference to section buckling, represented in Figure 4.1.4, the capacity in terms of resistance and ductility is determined on the basis of calculation assumptions and the models σ-ε as set out in § 4.1.2.1.2.
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Figure 4.1.4 – Section buckling
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Verification is carried out by comparing the capacity, expressed in terms of resistance and, when prompted in § 7.4 of these standards, of ductility, with the corresponding effect of actions according to the relationships:

MRd = MRd (NEd ) ≥ MEd
[4.1.18a] 

µ( = µ( (NEd ) ≥ Ed
[4.1.18b] 
where
MRd
is the design value of the normal compressive stress corresponding to NEd; 
NEd
is the design value of the normal stress force; 
MEd
is the design value of the moment of effect of actions;
µ(
is the design value of the curvature ductility corresponding to NEd; 
Ed
is the effect of actions in terms of curvature ductility.
For pillars subject to axial compression, a bending component should nevertheless be assumed, MEd = e ( NE( with eccentricity e equal to at least 1/200 of the clear height of bending of the pillar, and in any case not less than 20 mm. 
In the case of diverted buckling, the verification of the section can be placed in the form 
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[4.1.19]
where 
MEyd, MEzd
are the design values of the two bending components of the stress around the axis y and z; 
MRyd, MRzd 
are the design values of the moments of resistance of straight-line buckling corresponding to NEd evaluated separately around the axes y and z. 
The exponent α may be deducted in accordance with the geometry of the section and the parameters 

ν = NEd/NRcd
[4.1.20] 

ωt = At ( fyd/NRcd
[4.1.21]
with NRcd =Ac · fcd . 
In the absence of a specific evaluation, it can be assumed:
· for rectangular sections:
	NEd/NRcd
	0.1
	0.7
	1.0

	
	1.0
	1.5
	2.0


with linear interpolation for different values of NEd/NRcd;
· for circular and ovular sections:  = 2.
The capacity in terms of curvature ductility factor µ( can be calculated, separately for the two main paths of verification, as the ratio between the curvature that corresponds to a reduction of 15 % of the maximum bending resistance – or the attainment of the ultimate deformation of the concrete and/or steel – and the conventional curvature of first plasticisation 
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where:
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 is the lesser between the curvature calculated for the yield stress of the tensioned reinforcement and the curvature calculated for peak deformation (εc2 if the parabolic-rectangle model is used or εc3for the triangle-rectangle model) of compressed concrete;
MRd is the normal compressive stress of the section at the ULS;
M’yd is the corresponding moment 
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 and can be assumed as a maximum normal compressive stress of the section in the substantially elastic range.
4.1.2.3.5
Resistance against shearing stresses
Without excluding the possibility of specific studies for the evaluation of ultimate resistances of one-dimensional elements against shearing stresses and of ultimate resistances for punching, the following should be considered. 
4.1.2.3.5.1
Elements without transversal reinforcements resistant to shearing 
If, on the basis of calculations, reinforcement for shearing is not required, it is still necessary to have a minimum reinforcement as provided for in point 4.1.6.1.1. This minimum reinforcement may be omitted in elements such as floors, plates and structural members with similar behaviour, provided that a transversal distribution of loads is guaranteed.
Resistance verification (ULS) is expressed with 

VRd ≥ VEd
[4.1.22]
where VEd is the design value of the acting shearing stress. 
With reference to the element cracked by the bending moment, the design resistance to shearing is evaluated with 
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[4.1.23]
with 
fck expressed in MPa
k
= 1 + (200/d)1/2 ≤ 2
vmin
= 0.035k3/2 fck1/2
and where 
d
is the effective height of the section (in mm); 
(1 = Asl / (bw ·d)
is the geometric ratio of tensioned longitudinal reinforcement (≤ 0.02) that extends for no less than (lbd + d) beyond the section in question, where lbdis the anchorage length;
σcp = NEd/Ac [MPa]
is the average compressive stress in the section (≤ 0.2 fcd);
bw
is the minimum width of the section (in mm). 
In the case of pre-stressed reinforced concrete arranged in simple support, in zones not cracked by the bending moment (with tensile tensions not greater than fctd) the design resistance can be assessed in a simple manner with the formula: 

VRd = 0.7 · bw · d (
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[4.1.24]
In the presence of significant tensile stresses, the shear resistance of the concrete is considered to be zero and in this case it is not possible to adopt elements that are not equipped with transversal reinforcement. 
The longitudinal reinforcements, in addition to absorbing the stresses due to bending stresses, should also absorb those stresses caused by the shear due to the inclination of the cracks with respect to the axis of the beam, which inclination is assumed equal to 45°. In particular, in correspondence with the supports, the longitudinal reinforcements should absorb a stress equal to the shear on the support. 
4.1.2.3.5.2
Elements with transversal reinforcements resistant to the shear 
The design shear resistance VRd of structural elements equipped with specific shear reinforcement should be evaluated on the basis of an adequate lattice schematisation. The resistant elements of the ideal lattice are the transversal reinforcements, the longitudinal reinforcements, the concrete compression zone and the inclined core struts. The inclination θ of the concrete struts with respect to the axis of the beam should comply with the following limits: 

1 ≤ ctg θ≤ 2.5
[4.1.25]
Resistance verification (ULS) is expressed with 

VRd ≥ VEd
[4.1.26]
where VEd is the design value of the acting shearing stress. 
With reference to the transversal reinforcement, the design ‘shear-tensile’ resistance is calculated using: 
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[4.1.27]
With reference to the core concrete, the design ‘shear compressive’ resistance is calculated using 

VRcd = 0.9 · d · bw · αc · fcd (ctgα + ctgθ)/(1 + ctg2 θ)
[4.1.28]
The design shear resistance of the beam is the lesser of the two values defined above:

VRd = min (VRsd, VRcd)
[4.1.29]
where d, bw and σcp have the meaning indicated in § 4.1.2.3.5.1. and also: 
Asw
area of the transversal reinforcement;
s
spacing between two consecutive transversal reinforcements;
α
angle of inclination of the transversal reinforcement with respect to the beam axis;
νfcd
reduced compressive design resistance of the core concrete (= 0.5);
	αc
	upper coefficient equal to
	1
	for uncompressed members

	
	
	1 + σcp/fcd
	for 0 ≤σcp < 0.25 fcd

	
	
	1.25
	for 0.25 fcd ≤σcp ≤0.5 fcd

	
	
	2.5 (1 -σcp/fcd)
	for 0.5 fcd < σcp < fcd


The longitudinal reinforcements should be sized on the basis of the flexural stresses obtained by transferring the diagram of bending moments of 

a1 = ( 0.9 · d · ctg θ ) / 2
[4.1.30]
along the beam axis, in the less favourable direction.
4.1.2.3.5.3
Particular cases 
Transversal components 
For elements with variable heights or with inclined pre-stressing cables, the design shear is assumed as equal to: 

VEd = Vd + Vmd + Vpd
[4.1.31]
where:
Vd
= design shear value due to external loads; 
Vmd
= design shear component value due to the inclination of the member welds; 
Vpd
= design shear component value due to pre-stressing. 
Loads in the vicinity of bearings 
The shear at the support determined by loads applied at the distance av ≤ 2d from the support itself can reduce the ratio av/2d, in accordance with the following requirements:
-
in the case of end support, the tensile reinforcement necessary in the section where the load is applied closer to the support should be extended and anchored beyond the theoretical axis of support; 
-
in the case of intermediate support, the tensile reinforcement at the support should be extended as much as is necessary and in any case until the section where the furthest load included in the zone is applied with av ≤ 2d. 
In the case of elements with transversal reinforcements resistant to the shear, it should be checked that the shear stress VEd, calculated in this way, satisfies the condition 

VEd ≤ As · fyd · sinα
[4.1.32]
where As fyd is the transversal reinforcement contained in the length area 0.75 av centred between load and support and which passes through the inclined shear crack included therein. 
The shear stress VEd, calculated without the reduction tov/2d, should still always respect the condition: 

VEd ≤ 0,5 bw d ν fcd
[4.1.33]
ν = 0.5 is a resistance coefficient of reduction of concrete cracked by shearing. 
Hanging or indirect loads 
If, for particular methods of applying loads, the stress loads of tensioned lattice elements are increased, the reinforcements should be adapted accordingly. 
4.1.2.3.5.4
Punching verification 
Solid slabs, ribbed slabs with solid section above columns, and foundations should be verified as regards punching at the ultimate limit state, in correspondence with pillars and concentrated loads. 
In the absence of specially sized transversal reinforcement, resistance to punching should be evaluated using formulas of proven reliability on the basis of the tensile strength of the concrete, meaning the stress distributed on an effective perimeter detached 2d from the loaded impression, with effective height d (average) of the slab. 
If, on the basis of the calculation, the tensile resistance of the concrete on the effective perimeter is not sufficient to provide the required resistance to punching, suitable shear reinforcements should be inserted. These reinforcements shall be extended up to the outermost periphery on which the tensile strength of the concrete is sufficient. For evaluation of resistance to punching, reference may be made to § 6.4.4 of the standard UNI EN1992-1-1 if shear reinforcements are absent, or to § 6.4.5 of standard UNI EN1992-1-1 if shear reinforcements are present. 
For foundations, appropriate adaptations of the model mentioned above will be adopted. 
4.1.2.3.6
Resistance against torque stresses 
If the static equilibrium of a structure depends on the torsional resistance of the elements that it is composed of, verification of resistance in respect to torque stresses should be carried out. If, however, in hyperstatic structures, torsion only arises for congruence requirements and the safety of the structure is not dependent on the torsional resistance, verification will generally not be required. The verification of resistance (ULS) consists of checking that 

TRd ≥ TEd
[4.1.34]
where TEd is the design value of the active twisting moment. 
For prismatic elements subjected to simple or combined torsion with other stresses and which have either solid or hollow sections, the resistant scheme is constituted by a peripheral lattice wherein the tensile stresses are assigned to longitudinal and transversal reinforcements contained therein and the compressive stresses are assigned to concrete rods. 
With reference to concrete, the design resistance is calculated with 

TRcd = 2 · A · t · f'cd · ctgθ / (1 + ctg2θ)
[4.1.35]
where t is the width of the hollow section; for full sections t = Ac/u where Ac is the area of the section and u is its perimeter; t should in any case be assumed as ≥ 2 times the distance between the edge and the centre of the longitudinal reinforcement. 
Strong lattice longitudinal and transversal reinforcements should be placed within the thickness t of the peripheral profile. Longitudinal bars may be distributed along said profile, but in any case one bar should be present on all its edges. 
With reference to transversal stirrups, the design resistance is calculated with 
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[4.1.36]
With reference to longitudinal reinforcement, the design resistance is calculated with 
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[4.1.37] 
where 
A
area enclosed by the average fibre of the peripheral profile; 
As
stirrups area;
um
average perimeter of the strong core
s
stirrups pitch; 
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The inclination θ of the compressed concrete rods with respect to the axis of the beam should comply with the following limits 

1≤ ctg θ ≤ 2.5
[4.1.38]
Within these limits, in the case of pure torsion, the following values can apply: ctg θ = (al/as)1/2
with:
al =
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The design torsion resistance of the beam is the least of the three defined above: 

TRd = min (TRcd, TRsd, TRld)
[4.1.39]
With elements for which the resistant scheme of peripheral lattice is not applicable, such as thin-walled elements with open sections, methods of calculation based on theoretical assumptions should be used and results should be clearly substantiated. 
Compound stresses 
a)
Torsion, bending and normal stresses 
Longitudinal reinforcements, calculated as indicated above for resistance to twisting stress, should be added to those calculated in respect of verification for bending. 
The following rules are also applied: 
-
in the tensioned zone, reinforcement required for torsion should be added to the longitudinal reinforcement required for bending stress and normal stress; 
-
in the compressed zone, if the tensile tension due to torsion is less than the compressive stress in the concrete due to bending and to normal stress, there is no requirement for additional longitudinal reinforcement for torsion. 
b)
Torsion and shear 
With regard to concrete edge failure, the maximum resistance of a member subject to torsion and shear is limited by the resistance of the compressed concrete rods. In order to not exceed this resistance, the following condition should be satisfied: 
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[4.1.40]
For the angle θ of the compressed reinforced concrete rods, a single value for the two verifications of shear and torsion should be assumed. 
4.1.2.3.7
Resistance of swollen elements in diffuse zones and intersections 
For elements for which simple mechanical models do not apply, safety verifications may be carried out with reference to outlines based on the identification of tie beams and struts. 
Safety verifications are essential with respect to: 
– resistance of tie beams only constituted by reinforcements
(Rs)
– resistance of compressed concrete struts
(Rc)
– anchorage of reinforcements
(Rb)
– resistance of intersections
(Rn)
The following hierarchy of resistances should be obtained
Rs < (Rn , Rb , Rc) 
For the evaluation of the resistance of the concrete struts, the presence of multi-axial stress conditions should be taken into account. 
The reinforcements that constitute the tie beams should be adequately anchored in the intersections. 
The forces that act on the intersections should be balanced; the transverse forces perpendicular to the plane of the intersection should be taken into account. 
Intersections are located in the application points of loads; at the bearings; in anchorage zones where there is a concentration of ordinary or pre-stressed reinforcements, corresponding with the folds of reinforcements; in connections; and in the corners of structural members. 
Particular caution should be used in the case of hyperstatic schemes that have parallel resistant mechanisms. 
4.1.2.3.8
Resistance to fatigue 
In the presence of cyclic actions, which for the number of cycles and the amplitude of the variation of the tensional state can cause fatigue phenomena, verifications of resistance should be carried out according to reliable models drawn from documentation of proven validity, separately verifying concrete and steel. 
4.1.2.3.9
Specific guidance relating to pillars and walls
4.1.2.3.9.1
Circled pillars 
For mainly compressed elements reinforced with longitudinal bars arranged along a circumference and enclosed by a spiral of pitch no greater than 1/5 of the diameter inscribed by the circled core, the resistance at the ultimate limit state is calculated by summing the contributions of the confined concrete section of the core and of the longitudinal reinforcement, where the resistance of the confined concrete core can be expressed as the sum of those of the non-confined concrete core plus the contribution of an artificial longitudinal reinforcement of equal weight to the spiral. 
The contribution of the artificial reinforcement should not be greater than that of the longitudinal reinforcement, while the global resistance thus evaluated should not exceed twice that of the non-confined concrete core. 
4.1.2.3.9.2
Verification of stability for slender elements 
Verification of the stability of slender elements should be conducted through second order analysis that accounts for flexural effects of axial actions on the deformed configuration of the elements themselves. 
Geometrical imperfections and viscous deformations for long-term loads should be taken into account. 
Links should be assumed between internal actions and deformations capable of adequately describing the non-linear behaviour of materials and the effects of cracking in sections. As a precaution, the contribution of tensioned concrete can be disregarded. 
Slenderness limit for individual pillars 
In an approximate manner, the second order effects in individual pillars may be disregarded if the slenderness λ does not exceed the limit value 
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where 
ν = NEd / (Ac · fcd)
is the dimensionless axial action.
The slenderness is calculated as the ratio between the free length of bending, l0, and the inertia radius i of the non-cracked section of concrete: 

λ= l0 / i
[4.1.42]
where in particular l0 should be defined on the basis of end bearings and interaction with any contiguous elements. 
In the case of walls, the calculation of l0should take account of the constraint conditions on the four sides and the ratio between the main dimensions in the plane.
Global effects in buildings 
Global second order effects in buildings can be disregarded if the following condition is verified: 
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[4.1.43]
where: 
PEd
is the total vertical load (on braced and bracing elements); 
n
is the number of planes; 
L
is the total height of the building above the base joint constraint; 
Ecd
is the design value of the modulus of elasticity of concrete, defined in § 4.1.2.3.9.3; 
Ic
is the moment of inertia of the section of concrete of the bracing element, assumed as full reagent. 
4.1.2.3.9.3
Verification methods 
To verify stability, stresses under design actions are verified by calculating the system of equilibrium conditions inclusive of second order effects and section resistance as specified in previous paragraphs of this § 4.1.2.3. 
For compressed pillars of fixed intersection frames not otherwise subject to explicit bending actions, a straightness defect equal to 1/300 of their height in any case should be inserted into the calculation model. 
Linear elastic analysis 
In a simplified manner, the resolving system can be set up in a pseudo-linear form using elastic coefficients adjusted with second order contributions and a flexural stiffness of sections given by 
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[4.1.44)
where Icis the moment of inertia of the section of fully reacting concrete and φ is the coefficient of viscosity of the concrete (11.2.10.7).
For adjusted elastic coefficients, expressions linearised in the variable NEd (axial stress of the element) can be used. 
Non-linear analysis 
The resolving system is set up by assuming adequate non-linear models of behaviour of materials based on the following parameters: 
fck
characteristic strength of the concrete;
Ecd = Ecm / γCE
design modulus of elasticity of concrete with γCE = 1.2; 
φ
coefficient of viscosity of concrete (§ 11.2.10.7); 
fyd
yield stress characteristic of the reinforcement; 
Es
modulus of elasticity of the reinforcement. 
In addition to the general method based on the numerical integration of curves, algebraic processing methods may be used, based on the concentration of equilibrium in critical sections (for example the model column method) for which reference should be made to documents of proven validity. 
4.1.2.3.10
Verification of steel bars with concrete 
The anchorage of bars, both tensioned and compressed, should be the subject of specific verification. 
The verification of anchorage should take account of, where necessary, the overall effect of the bars and the presence of any transversal reinforcements. 
The anchorage of bars may be improved from a practical perspective with end hooks. If present, the hooks should have a suitable inner radius so as to avoid damage to the reinforcement and, for the purposes of bonding, they may be included in the actual measurement of their length along the axis of the bar. In the absence of hooks the anchorage length should in any case be no less than 20 diameters, with a minimum of 150 mm. 
Special caution should be taken when the phenomena of fatigue and repeated stresses may be anticipated. 
4.1.3.
VERIFICATION FOR TRANSITIONAL SITUATIONS 
For transitional constructive situations, such as those that occur during the construction phases, construction technologies and work programmes should be adopted that cannot cause permanent damage to the structure or to structural elements and that in any case cannot negatively affect the safety of the construction. 
The extent of environmental actions to be taken into account shall be determined in relation to the timeline of the transitional action and operational technology. 
4.1.4.
VERIFICATION FOR EXCEPTIONAL SITUATIONS 
The design strengths of materials related to a specific verification situation are obtained with the following partial safety coefficients: 
–
concrete and bonding with reinforcements γC = 1.0 
–
reinforcement steel γS = 1.0 
4.1.5.
PLANNING COMPLEMENTED BY TESTS AND VERIFICATION THROUGH TESTING
Strength and structure functionality and structural elements can be measured through testing of samples of adequate size. 
The results of tests carried out on appropriate samples should be dealt with through methods of statistical analysis to obtain significant parameters such as average, standard deviation and skewness values in order to adequately characterise a probabilistic descriptor model of the quantity investigated (random variables). 
More detailed guidance on these matters and comprehensive operational methods for integrated planning by testing can be found in Appendix D to UNI EN 1990:2006.
4.1.6.
CONSTRUCTION DETAILS 
4.1.6.1
One-dimensional elements: Beams and pillars 
With reference to the construction details of concrete structural elements, application guidance is provided essential for obtaining the required performance. 
This guidance shall apply if it does not contradict more restrictive rules relating to buildings in a seismic zone. 
4.1.6.1.1
Reinforcement of beams 
The area of the longitudinal reinforcement in tension zones should not be less than 
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where: 
bt
represents the mean width of the tension area; for a T beam with stressed lintel, in calculating the value of bt only the width of the core is considered; 
d
is the effective height of the section; 
fctm
is the average value of axial tensile strength defined in § 11.2.10.2; 
fyk
is the characteristic value of the tensile strength of the ordinary reinforcement. 
In the end supports and at the intrados, an effectively anchored reinforcement should be arranged, calculated in line with the lattice model adopted for the shear and then applying the rule of translation of the resulting stresses due to the bending moment, in accordance with the angle of inclination assumed for compressed concrete rods. 
Outside of the zones of overhang, the compressed or tensioned reinforcement area should not individually exceed As,max = 0.04 Ac, where Ac is the area of the concrete cross-section. 
The beams should provide transversal reinforcement constituted by stirrups with total section not less than Ast = 1.5 b mm²/m where b is the minimum thickness of the core in millimetres, with a minimum of three stirrups per metre and in any case a pitch no greater than 0.8 times the effective height of the section. 
In any case at least 50 % of the reinforcement necessary for the shear should be constituted by stirrups. 
Any compressed longitudinal reinforcements with a diameter of taken into account in the calculations of strength should be retained by transverse reinforcements with spacing no greater than 15.
4.1.6.1.2
Pillar reinforcement 
For elements subject to prevailing normal stress, the bars parallel to the axis should have a diameter greater than or equal to 12 mm and should not have spacings greater than 300 mm. Furthermore, their area should not be less than 

As,min = (0.10 NEd / fyd) and in any case no less than 0.003 Ac
[4.1.46]
where: 
fyd
is the design strength of the reinforcement (in reference to yield stress) 
NEd
is the axial design stress force 
Ac
is the area of concrete. 
The transversal reinforcements should be spaced at a distance not greater than 12 times the minimum diameter of the bars used for longitudinal reinforcement with a maximum of 250 mm. The diameter of the stirrups should not be less than 6 mm and 1/4 of the maximum diameter of the longitudinal bars. 
Outside of the zones of overhang, the reinforcement area should not exceed As,max = 0.04 Ac, where Acis the area of the concrete cross-section. 
4.1.6.1.3
Reinforcement covering and armature gap 
Strong reinforcement should be protected by an adequate concrete reinforcement covering. Structural elements should be verified at the cracking limit state in accordance with § 4.1.2.2.4. 
For the purpose of protecting reinforcements from corrosion, the covering layer of concrete (reinforcement covering) should be dimensioned based on the aggressiveness of the environment and the sensitivity of the reinforcements to corrosion, also taking into account the tolerances of laying the reinforcements; for this purpose it can be useful to refer to UNI EN 1992-1-1. 
To allow for a homogeneous casting of concrete, the covering and spacing gaps of reinforcements should be related to the maximum dimensions of the aggregates used. 
The reinforcement covering and spacing gap of reinforcements should also be dimensioned with reference to the necessary development of bonding stresses with the concrete. 
4.1.6.1.4
Bar anchorage and joining 
Longitudinal reinforcements should be interrupted or overhung preferably in compressed or low-stress areas. 
Continuity between bars may be effected by: 
· overhang, calculated in such a way as to ensure the anchorage of each bar. In any case, the length of overhang in a straight line should not be less than that prescribed in § 4.1.2.3.10. The mutual distance (reinforcement gap) in the overhang should not exceed four times the diameter;
· welding, carried out in accordance with standard UNI EN ISO 17660-1:2007. The solderability of steels that are used should be ascertained, as well as the compatibility between the parent metal and the weld metal in operating positions or conditions anticipated in the working drawings; 
· mechanical joints for reinforcement bars. This joining is qualified as indicated in § 11.3.2.9. 
For bars with diameter Ø >32 mm, particular care should be taken in the anchorage and in overhangs. 
In the assembly or union of two bars or steel reinforcement elements for reinforced concrete, mechanical joints can be used by utilising sleeves that guarantee continuity. Mechanical joints can be designed with reference to regulations or documents of proven validity. 
4.1.7.
IMPLEMENTATION 
All projects should contain a description of the specific requirements for implementation on the basis of the specific features of the construction, climate and construction technology. 
In particular, the project documentation should contain a detailed description of the precautions to be taken for mixtures, the hardening of casts and disarmament, and for the commissioning of structural elements. Similar emphasis should be placed on the design of reinforcements as regards the definition of positions, implementation tolerances and folding methods. 
To this end, reference should be made to standard UNI EN 13670.
4.1.8.
ADDITIONAL STANDARDS FOR PRE-STRESSED REINFORCED CONCRETE 
Systems of pre-stressing with reinforcements, provided for by this standard, may be with sliding cables anchored at the ends (post-tensioned systems) or pre-tensioned cables (pre-tensioned systems). 
The load condition consequent to the pre-stressing will be combined with others (own weight, permanent and variable loads, etc.) in order to create the most unfavourable stress conditions. 
In the case of post-tension, if the pre-stressing reinforcements are not made adherent to the concrete after stretching by means of appropriate mortar injections inside tubing (non-pre-tensioned cables), the consequences of the respective steel-concrete sliding should be taken into account. 
These standards do not provide guidance on how to deal with cases of non-pre-tensioned cable pre-stressing, for which reference should be made to standard UNI EN 1992-1-1. 
If the partialisation of sections under operating conditions is anticipated, particular attention should be paid to the fatigue resistance of steel in the presence of repeated stresses. 
4.1.8.1
Safety evaluation - Rules on calculation 
4.1.8.1.1
Ultimate limit states 
For the evaluation of the resistance of structural elements, that set out in § 4.1.2.3 applies, bearing in mind that for the verification of sections the design value of the pre-stressing force will be assumed, with the partial coefficient γP1, as provided for in § 2.6.1.
For verification of the local resistance of anchorage of pre-stressing reinforcements, instead, a design value will be assumed of the pre-stressing force with γP = 1.2.
4.1.8.1.2
Serviceability limit states 
Will be applied as specified in § 4.1.2.2. For the evaluation of states of deformation and tension, the effects of reductions in stress should be taken into account; for rheological phenomena involving delayed deformations of materials, the shrinkage and viscosity of concrete and the relaxation of steel. 
In the evaluation of pre-stressing in the case of post-tensioned reinforcement, the initial stress should be calculated by deducting the loss for the return of anchorage equipment from the stress at the jack, the sliding of wires and friction losses along the cable. 
In pre-tensioned reinforcement structures, the stress reduction due to elastic deformation should be considered. 
For limitations of tensional states in operating conditions for all pre-stressed structures, apply the requirements set out in § 4.1.2.2.5. 
4.1.8.1.3
Operating stresses in concrete falls 
As specified in § 4.1.2.2.5. 
Tensile stresses at welds in structures built for prefabricated segments are not permitted,when it is not possible to arrange ordinary reinforcement that absorbs the tensile force. 
4.1.8.1.4
Initial stresses in concrete 
In the event of pre-stressing, the compressive stresses should not exceed the value: 

σc < 0.60 fckj
[4.1.47]
where fckj is the initial characteristic tensile strength of the concrete. 
For elements with pre-tensioned reinforcement, the stress of the concrete at the moment of transfer of the pre-tension may be increased up to the value 0.70 fckj.
Local compressions σc may be tolerated in the anchorage zone of pre-stressing reinforcements, produced by anchorage equipment equal to: 

σc < c fcd
[4.1.48]
where
σc = γP P / A0 is the pressure acting on the loaded impression of area A0;
P is the initial stretching force in the cable (γP =1.2);
fcd = fckj / γc is the cylindrical strength of the concrete at the point of pre-stressing;
c ≤ 3 is an over-resistance factor that depends on:
the ratio A0/A1 between the loaded area and the surrounding area in question;
the position of the loaded impression with respect to the edges of the section;
possible interference with nearby impacted areas.
For values of c, reference should be made to § 6.7 of standard UNI EN 1992-1-1.
It is recommended to have appropriate reinforcements capable of balancing the transversal tensile forces due to the effect of the load.
Where the areas of influence of nearby equipment overlap, actions should be added together and referred to the overall area. 
4.1.8.1.5
Tension limits for pre-stressing steels 
For loss-generating operating tensions, § 4.1.2.2.5.2 applies, where fp(0,1)k , fp(1)k or fpyk replaces fyk . 
The initial tensions should comply with the most restrictive of the following limitations: 
	σspi < 0.85 fp(0,1)k 
	σspi < 0.75 fptk 
	for post-tensioned frame
	[4.1.49]

	σspi < 0.90 fp(0.1)k
	σspi < 0.80 fptk 
	for pre-tensioned frame
	


where fp(1)k or fpyk replaces fp(0,1)k, if appropriate. 
In both cases, an over-tension is permitted to an extent not exceeding 0.05 fp(0,1)k. 
4.1.8.2
Construction details for pre-stressed reinforced bridges 
With reference to the construction details of pre-stressed reinforced concrete structural elements, application guidance is provided in the following points of this paragraph that is essential for obtaining the required performance. 
4.1.8.2.1
Ordinary longitudinal reinforcement 
In pre-stressed beams excluding joint sections of prefabricated segment girders, even in the absence of rare combinations of tensile tensions, the percentage of ordinary longitudinal reinforcement should not be less than 0.1 % of the total area of the web and of any possible expansion from the cable’s side. 
If the partialisation of sections under operating conditions is anticipated, the longitudinal bars of ordinary reinforcement should be arranged in the area of the section that is partialised. 
4.1.8.2.2
Stirrups 
Stirrups with a total section not less than that prescribed in § 4.1.6.1.1. should be placed in the beam. In the vicinity of concentrated loads or support zones, the provisions set out in § 4.1.2.3.5. apply. 
In the presence of torsion, the provisions set out in § 4.1.2.3.6. apply. 
4.1.8.3
Implementation of pre-stressed reinforced concrete constructions 
With regard to the covering layer of concrete required for the protection of reinforcements from corrosion, refer to § 4.1.6.1.3. 
In the case of pre-tensioned reinforcements in the headpiece, the strands should be covered with a suitable protective material or with casting in-situ. 
In the case of post-tensioned reinforcements, the anchorage equipment of the cylinder head should be protected in the same way. 
At the moment of tensioning, the applied force should be measured at the same time as the elongation is achieved. For CE-marked products, control procedures provided by the relevant harmonised European standards are to be applied.
The minimum clear distance between the tubing should be commensurate to both the maximum dimensions of the aggregate used and to the diameter of the tubing itself in respect to a homogeneous casting of fresh concrete and to the required development of bonding stresses with the concrete. 
The results achieved in the tensioning operations, the readings on the gauges and elongations measured should be recorded in appropriate tables and compared with the initial tensions of the reinforcements and elongations anticipated in the plans. 
The protection of sliding cables should be carried out through the injection of appropriate materials suitable for preventing corrosion and for providing the required adhesion. 
For the proper implementation of injections, it is essential that they are carried out according to appropriate quality control procedures. 
4.1.9.
ADDITIONAL STANDARDS FOR FLOORS 
Floors are understood as two-dimensional planar structures, loaded perpendicular to their plane, with a prevalent unidirectional resistant behaviour. 
4.1.9.1
Mixed floors in reinforced concrete and pre-stressed concrete and hollow blocks in brick or concrete 
In mixed floors in pre-stressed and normal reinforced concrete and hollow blocks in brick or concrete, the blocks provide a lightening function and the ability to increase the flexural stiffness of the floor. Blocks are divided into load-bearing and non-load-bearing blocks. 
In the case of non-load-bearing blocks, the resistance to the ultimate limit state is entrusted to the concrete and to the ordinary and/or pre-stressing reinforcements. Load-bearing blocks will contribute to the resistance with other materials in a cohesive manner. 
4.1.9.2
Mixed floors in reinforced concrete and pre-stressed concrete and blocks different from brick or concrete 
Blocks different from brick or concrete can be used to achieve mixed floors of reinforced concrete and pre-stressed reinforced concrete while only providing the lightening benefit. 
Light concrete blocks of expanded clay, modified normal concrete, polystyrene, plastics, mineralised organic elements, etc. should be dimensionally stable and not fragile, and should be able to follow the deformations of the floor. 
4.1.9.3
Floors made with the bonding of prefabricated components in reinforced concrete and pre-stressed reinforced concrete 
The components of these types of floors should comply with the standards set out in § 4.1. 
In addition to what is indicated in the preceding paragraphs relating to deformation limit states, the following supplementary rules should be kept in mind. 
The components should be provided with suitable devices and workmanship that ensure the congruence of deformations between the flanked components themselves, both for spread loads and those that are concentrated. In the absence of armoured composite slab or deviations from that prescribed in the specific European technical standards, the effectiveness of these devices should be certified through experimental trials. 
When there is a requirement to produce a transversal redistribution of loads, it is necessary that the floor thus composed has structural components perpendicular to the direction of the main resistant element. 
If the component is integrated with the extrados by a casting finishing, this finishing should have a thickness of no less than 40 mm and should be equipped with a cross meshing distribution reinforcement, and the transmission of the shearing actions between the prefabricated elements and casting finishing should be verified, taking account of states of coercion that are created for different rheological characteristics of concretes, of components and of casting finishing. 
4.1.10.
ADDITIONAL STANDARDS FOR PREFABRICATED STRUCTURES 
Prefabricated structural components made of normal or pre-stressed reinforced concrete (hereinafter “said components”) are the subject of this paragraph, which responds to the specific requirements of § 4.1 and to the calculation methods set out in § 2.6e, which individually or assembled together, that is, with parts constructed in-situ, are used for the construction of civil engineering works. 
Components produced in permanent establishments or in temporary installations prepared for one specific building site, or produced on site, fall within the field of application of these standards. 
Standard components should be understood solely as those produced in permanent establishments with repetitive technology and industrialised processes, with predefined types of dimensional fields and reinforcements. 
Occasional production refers to components produced without the assumption of repetitiveness. 
The component should guarantee safety and performance levels as a single component, in the transitional phases of mould release, handling, storage, transport and installation, as well as in the guise of an element with a more complex structural body once installed in-situ. 
In the case of products covered by CE marking, §§ 11.8.2, 11.8.3.4 and 11.8.5 of these technical standards should still be respected, where applicable. 
4.1.10.1
Prefabricated products not subject to CE marking 
For prefabricated structural elements governed here, when not subject to declaration of performance and consequent CE marking according to a harmonised technical specification developed in accordance with Regulation (EU) 305/2011 and whose references have been published in the Official Journal of the European Union, two categories of production are provided: 
–
declared set 
–
controlled set 
The components for which the CE marking does not apply, under Regulation (EU) 305/2011, should be made through processes subjected to a production control system, and the producers of declared set and controlled set components should also provide prior qualification of the production system in the manner indicated in § 11.8. 
4.1.10.2
Products prefabricated to a single design 
Falling within this category of products prefabricated to a single design are: 
-
standard components that have been submitted in accordance with Article 9 of Law No 1086 of 5 November 1971; 
-
components that have been granted their certificates of eligibility in accordance with Articles 1 and 7 of Law No 64 of 2 February 1974; 
-
any other component included in the definition as set out in paragraph 3 of § 4.1.10. 
4.1.10.2.1
Products prefabricated to a declared design 
Falling within this declared set are standard components that, although belonging to a predefined type, are occasionally designed to order for different sizes and reinforcements (single design type). 
For predefined types the producer should provide for, within the scope of the qualification methods of production referred to in § 11.8, the submission of technical documentation relating to the production process and to the project type at the Central Technical Department of the Superior Council of Public Works. 
For each individual use of the single design type, the specific technical documentation of the components produced in a single design should be attached to the project documentation submitted to the responsible regional office, pursuant to the current legislation. 
Also falling into the declared set are standard components constituted by a fully defined type, predefined in size and reinforcements on the basis of a submitted plan (repetitive set). 
For each type of component, or for each homogeneous type family, the producer should provide for, within the scope of the qualification methods of production referred to in § 11.8, the submission of technical documentation relating to the production process and to the specific design to the Central Technical Department of the Superior Council of Public Works. 
For each individual use of the repetitive set, it is sufficient to attach details to the project documentation submitted to the responsible regional office, in accordance with the relevant legislation, for the Central Technical Department. 
4.1.10.2.2
Products prefabricated in a controlled set 
Controlled set refers to standard production, which besides having the requirements specified for the declared set, is carried out with procedures involving trial verifications on prototypes and permanent control of production, as specified in § 11.8. 
The following should be produced in a controlled set: 
· components consisting of unusual structural configurations; 
· components manufactured with the use of special concretes or class > C 45/55;; 
· armoured or pre-stressed components with thickness, local also, less than 40 mm; 
· components the design of which are drawn up on calculation models not provided by the present technical standards. 
For components that fall into one of the cases listed above, it is compulsory to issue an estimate for the production authorisation in accordance with the procedures referred to in § 11.8.4.3. 
4.1.10.3
Responsibilities and competencies 
The designer and site engineer of the prefabrication establishment, each by his or her own powers, is responsible for the load-bearing capacity and safety of the component, both during the works and during transport to the construction site. 
The designer and the site engineer are responsible for the structural assembly of which the element is a part, each according to his or her own competence, as well as the verification of the component during assembly and commissioning and the use of the structural assembly when implemented. 
Components produced in permanent establishments should be made under the responsibility of the technical director of the establishment, equipped with adequate professional qualifications, who assumes the true responsibilities of the site engineer. 
Components of occasional production should also be implemented under the supervision of the site engineer of the destination site. 
The officials of the Central Technical Department shall also have access, without prior notice, to production establishments of prefabricated components for the assessment of compliance with these standards. 
4.1.10.4
Tests on components 
To verify the performance of a new product or a new production technology and to ensure the reliability of the calculation models used in the strength verification, before beginning current production, load testing must be carried out on an adequate number of working prototypes brought to failure. 
These tests,, in addition to the routine tests on materials referred to in Chapter 11, are mandatory for controlled set production. 
4.1.10.5
Complementary standards 
Verifications of components should be made with reference to the degree of hardening and strength achieved, checked by methods of testing on materials referred to in § 11.8.3.1 and possible prototype testing before handling of the component and static grout of the same. 
Devices for lifting and handling should be explicitly covered in the design of the structural component and made with appropriate and dimensioned materials for the stresses anticipated. 
The reinforcement covering of the prefabricated elements should respect the general rules set out in § 4.1. 
4.1.10.5.1
Support 
For definitively supported components, particular attention should be paid to the position and size of the support apparatus, both with respect to the geometry of the support element and with respect to the end section of the supported element, taking due account of the dimensional tolerances and assembly and deformations due to rheological phenomena and/or heat. 
Provisional or definitive bearings should be designed with particular care and, if necessary, validated through experimental trials. 
Sliding supports should be dimensioned in such a way as to allow for anticipated relative displacements without loss of load-bearing capacity. 
4.1.10.5.2
Implementation of coupling and connections
Coupling and connections between prefabricated elements should have strength and deformability consistent with the design assumptions and should be qualified as provided for in Section 8 of Chapter 11. 
4.1.10.5.3
Tolerances 
The plans should indicate the minimum production tolerances that the component should respect. A component that does not respect these tolerances will be judged as non-compliant, and therefore can only be delivered on site for use in construction after prior acceptance by the site engineer. 
The construction plans should also take account of production tolerances, tracking and assembly, ensuring a consistent operation of the structural assembly. 
The assembly of components and the completion of the construction should conform with the design plans. In the event of the discovery of areas of non-compliance, the site engineer should evaluate such areas and determine any required corrective measures. 
4.1.11.
CONCRETE WITH A LOW PERCENTAGE OF REINFORCEMENT OR NON-ARMOURED CONCRETE 
Concrete with a low percentage of reinforcement is that for which the percentage of reinforcement commissioned is less than the minimum required for reinforced concrete or that for which the average quantity in weight of steel per cubic metre of concrete is less than 0.3 kN. 
Both concrete with a low percentage of reinforcement and that which is non-armoured may only be used for secondary elements or for large-scale or extended structures. 
4.1.11.1
Safety evaluation - rules on calculation 
For resistance verification of sections under normal stresses, the competent assumptions drawn from § 4.1.2.3.4.1. should be adopted. For a rectangular section with sides a and b subject to a normal force NEd with an eccentricity e in the direction of the side a, the verification of resistance at the ULS, with the model (c) in § 4.1.2.1.2.1, is expressed with

NEd ≤ NRd = fcd b x
[4.1.50]
with x = a – 2e.
The verification of resistance of the same rectangular section of side a and b, also subject to a shear stress VEd in the direction of side a, is expressed with
VEd ≤ VRd = fcvd b x / 1.5
with
fcvd = ((f2ct1d+σcfct1d)
for σc≤σclim
fcvd = (( f2ct1d+σcfct1d-(2/4)
for σc>σclim
where
σc = NEd / (b x)
( = σc - σclim
σclim= fcd – 2 (( f2ct1d+fcd fct1d)
where
fct1d=0.85 fctd
the tensile design strength for non-armoured or weakly armoured concrete.
4.1.12.
CONCRETE WITH LIGHTWEIGHT AGGREGATES (LC)
This chapter applies to lightweight mineral aggregate concrete, artificial or natural, excluding aerated concrete.
For normalised classes of density and strength it may be useful to refer to the standard UNI EN 206:2016. 
On the basis of the normal designation as defined in § 4.1 for concrete of normal weight, strength classes up to LC55/60 are permitted. 
Concrete of different classes are used as described in Table 4.1.II. 
Specific requirements for the control of quality are given in § 4.1 and in § 11.1. 
4.1.12.1
Rules on calculation 
The rules referred to in §§ 4.1.1–4.1.11 shall apply to the design of lightweight aggregate concrete structures, taking into account the specificity of the material and in any case by making the tensile design strength equal to 

fctd=0.85 fctk/γc
[4.1.50] 
Bars with a diameter greater than 32 mm must not be used. For application guidance, it may be useful to refer to section 11 of UNI EN 1992-1-1:2005. 
4.1.13.
RESISTANCE TO FIRE 
Verifications of fire resistance may be carried out with reference to UNI EN 1992-1-2, using the coefficients γM (§ 4.1.4) relating to exceptional circumstances and by assuming the coefficient αcc equal to 1.0. 
4.2.
STEEL BUILDINGS 
These standards define the general principles and rules for satisfying safety requirements for buildings with steel structures. 
The requirements for the execution of steel structures, in order to ensure an adequate level of mechanical strength and stability, efficiency and durability, should conform to UNI EN 1090-2:2011 - Execution of steel and aluminium structures - Part 2: Technical requirements for steel structures, insofar as they are not contrary to these standards.
4.2.1.
MATERIALS 
4.2.1.1
Rolled steel 
Steels for structural use should belong to grades S235 to S460, and their characteristics should be in accordance with the requirements referred to in § 11.3.4 of these standards. 
For applications in dissipative zones of buildings subject to seismic actions, additional requirements specified in § 11.3.4.9 of these rules should be referred to.
In the context of the design, for steels set out in harmonised European standards UNI EN 10025-1, UNI EN 10210-1 and UNI EN 10219-1, the nominal values of the characteristic tensions of yield stress fyk and of failure ftk can be assumed, as set out in the following tables.
Table 4.2.I – Flat and long hot-rolled with open section profiles
	Standards and quality of steels
	Nominal thickness “t” of the element

	
	t ≤ 40 mm
	40 mm < t ≤ 80 mm

	
	fyk [N/mm2]
	ftk [N/mm2]
	fyk [N/mm²]
	ftk [N/mm²]

	UNI EN 10025-2 
	
	
	
	

	S 235 
	235
	360
	215
	360

	S 275 
	275
	430
	255
	410

	S 355 
	355
	510
	335
	470

	S 450 
	440
	550
	420
	550

	UNI EN 10025-3 
	
	
	
	

	S 275 N/NL 
	275
	390
	255
	370

	S 355 N/NL 
	355
	490
	335
	470

	S 420 N/NL 
	420
	520
	390
	520

	S 460 N/NL 
	460
	540
	430
	540

	UNI EN 10025-4 
	
	
	
	

	S 275 M/ML 
	275
	370
	255
	360

	S 355 M/ML 
	355
	470
	335
	450

	S 420 M/ML 
	420
	520
	390
	500

	S 460 M/ML 
	460
	540
	430
	530

	S 460 Q/QL/QL1
	460
	570
	440
	580

	UNI EN 10025-5 
	
	
	
	

	S 235 W 
	235
	360
	215
	340

	S 355 W 
	355
	510
	335
	490


Table 4.2.II - Hot-rolled with hollow section profiles
	Standards and quality of steels
	Nominal thickness “t” of the element

	
	t ≤ 40 mm
	40 mm < t ≤ 80 mm

	
	fyk [N/mm2]
	ftk [N/mm2]
	fyk [N/mm2]
	ftk [N/mm2]

	UNI EN 10210-1
	
	
	
	

	S 235 H
	235
	360
	215
	340

	S 275 H 
	275
	430
	255
	410

	S 355 H 
	355
	510
	335
	490

	S 275 NH/NLH 
	275
	390
	255
	370

	S 355 NH/NLH 
	355
	490
	335
	470

	S 420 NH/NLH 
	420
	540
	390
	520

	S 460 NH/NLH 
	460
	560
	430
	550

	UNI EN 10219-1 
	
	
	
	

	S 235 H 
	235
	360
	
	

	S 275 H 
	275
	430
	
	

	S 355 H 
	355
	510
	
	

	S 275 NH/NLH 
	275
	370
	
	

	S 355 NH/NLH 
	355
	470
	
	

	S 275 MH/MLH 
	275
	360
	
	

	S 355 MH/MLH 
	355
	470
	
	

	S 420 MH/MLH 
	420
	500
	
	

	S 460 MH/MLH 
	460
	530
	
	

	S 460 NH/NHL
	460
	550
	
	


4.2.1.2
Stainless steel 
Stainless steels for structural uses should conform to that envisaged in § 11.3.4.8. As regards structural design with stainless steels, the guidance and rules set out in this standard should be supplemented by rules of proven validity, such as UNI EN 1993-1-4.
4.2.1.3
Welding 
Welding processes and filler materials should comply with the requirements set out in § 11.3.4.5 of these standards. 
For the approval of the electrodes to be used in arc welding, it may be useful to refer to UNI EN ISO 2560. 
For other welding processes, wires, fluxes or gases should be used as set out in procedure certification testing. 
The characteristics of the filler material (yield stress, failure stress, elongation to rupture and resiliency) should, except in special cases specified by the designer, be equivalent or superior to the corresponding characteristics of connected parts.
4.2.1.4
Bolts and nails 
Bolts and nails for connecting by force should comply with the requirements set out in § 11.3.4.6 of these standards. 
The values of the yield stress fyb and of the failure stress ftb of bolts, to be adopted in verifications as characteristic values, are specified in § 11.3.4.6 of these standards. 
4.2.2.
SAFETY ASSESSMENT 
Safety evaluation is conducted in accordance with the fundamental principles illustrated in Chapter 2. 
Requirements for strength, functionality, durability and robustness are guaranteed by respecting the ultimate limit states and serviceability limit states of the structure as well as the structural components and the connections described in this standard. 
4.2.2.1
Limit states 
The ultimate limit states to be verified, when necessary, are as follows: 
–
equilibrium limit state, in order to check the overall equilibrium of the structure and its parts throughout its working life, including during phases of construction and repair; 
–
collapse limit state, corresponding to the achievement of the yield stress or to ultimate deformations of the material and, consequently, to failure or excessive deformation of a section, of a member or of a connection (excluding fatigue phenomena); or to the formation of a collapse mechanism; or to the onset of phenomena of equilibrium instability in component elements or in the structure as a whole, also considering local phenomena of instability, which may be taken into account by reducing any resistant section areas; 
–
fatigue limit state, checking the tensional variations induced by repeated loads in relation to the characteristics of the affected structural details. 
For specific structures or situations, it may be necessary to consider other ultimate limit states. 
Serviceability limit states to be verified, when necessary, are: 
–
deformation and/or displacement limit states, in order to avoid deformations and displacements that can compromise the efficient use of the building and its contents, as well as its aesthetic appeal; 
–
vibration limit state, in order to ensure that the sensations perceived by users guarantee acceptable levels of comfort; moreover, exceeding these limits could be indicative of poor robustness and/or of possible damage to secondary elements; 
–
local yield limit state, in order to prevent plastic deformations that generate irreversible and unacceptable deformations; 
–
slip limit state of friction connections with high-strength bolts, in the event that the bolt connection has been sized for shear failure. 
4.2.3.
STRUCTURAL ANALYSIS 
The method of analysis should be consistent with the design assumptions. The analysis should be based on appropriate structural model calculations given the limit state under consideration. 
The assumptions chosen and the calculation model adopted should be able to reproduce the overall behaviour of the structure and the local behaviour of the adopted sections, the structural elements, and the connections and supports. 
In the overall analysis of the structure and of the bracing systems, and in the calculation of the structural members, the geometrical and structural imperfections referred to in § 4.2.3.5. should be taken into account. 
4.2.3.1
Classification of sections 
The transversal sections of the structural elements are classified according to their rotational capacity Cθ defined as: 

Cϑ = ϑr / ϑy − 1
[4.2.0]
where ϑr and ϑy are the rotations corresponding to achievement of ultimate deformation and yield respectively.
The classification of transversal sections of structural elements is carried out on the basis of their ability to be deformed in the plastic range. It is possible to distinguish the following section classes:
class 1
if the section is able to develop a plastic hinge with the rotational capacity required for structural analysis conducted with the plastic method referred to in § 4.2.3.2 without undergoing strength reductions. Sections with rotational capacity Cϑ ≥ 3 can generally be classified as such.;
class 2
if the section is able to develop its own plastic resistant moment, but with limited rotational capacity. Sections with rotational capacity Cϑ ≥≥ 1.5 can generally be classified as such.;
class 3
if the calculated tensions in compressed extreme fibres can reach the yield stress within the section, but local instability impedes the development of the plastic resistant moment; 
class 4
if, in order to determine the bending or shear or normal resistance, it is necessary to take into account the effects of the local elastic phase instability in the compressed parts that make up the section. When calculating resistance, the actual geometric section may be replaced with an effective section.
Class 1 sections shall be defined as ductile, those of class 2 as compact, those of class 3 as semi-compact and those of class 4 as slender. 
For the most common cases of the section type and stress methods, the following Tables 4.2.III, 4.2.IV and 4.2.V provide guidance for the classification of sections. 
The class of a compound section corresponds to the highest class value among those of its component elements. 
Table 4.2.III - Maximum width-thickness ratios for compressed parts
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	Inflection around the axis
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	Inflection around the axis

	Compressed internal parts
	

	Class
	Part subject to bending
	Part subject to compression
	Part subject to bending and compression

	Distribution of tension in parts (positive compression)
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	Distribution of tension in parts (positive compression)
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	fyk
	235
	275
	355
	420
	460

	
	ε
	1.00
	0.92
	0.81
	0.75
	0.71

	*) ψ ≤ -1 applies if the compressive stress σ ≤ fyk or the tensile deformation εy >fyk/E


Table 4.2.IV - Maximum width-thickness ratios for compressed parts
	External lintels
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	Hot rolling profiles
	Welded sections

	Class
	External lintels subject to compression
	External lintels subject to bending and compression

	
	
	With compressive ends
	With tensile ends

	Distribution of tension in parts (positive compression)
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	c / t ≤ 9ε
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	c / t ≤ 10ε
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	Distribution of tension in parts (positive compression)
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	ε
	1.00
	0.92
	0.81
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Table 4.2.V - Maximum width-thickness ratios for compressed parts
	Angular
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Also refer to external lintels (see Table 4.2. II)
Does not apply to angles in continuous contact with other components

	Class
	Compression section

	Distribution of tensions across section (positive compression)
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	Tubular Sections
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	Class
	Bent and/or compressed section

	1
	d/t ≤ 50ε2

	2
	d/t ≤ 70ε2

	3
	d/t ≤ 90ε2 (For d/t>90 ε2 see EN 1993-1-6)
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	ε
	1.00
	0.92
	0.81
	0.75
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	ε2
	1.00
	0.85
	0.66
	0.56
	0.51


4.2.3.2
Strength capacity of sections 
The strength capacity of sections should be evaluated against tensile or compressive stresses, bending, shearing and torsion, by also determining the effects induced on strength by the combined presence of further stress. 
The strength capacity of sections is determined using one of the following methods. 
Elastic method (E) 
By assuming a linear elastic behaviour of material, until reaching a condition of yield stress. 
The elastic method can be applied to all section classes, with the caveat that the method of effective sections or equivalent methods must be referred to with regard to class 4 sections. 
Plastic method (P) 
Assuming the complete plasticisation of the material. The plastic method can only be applied to class sections 1 and 2. 
Elastic-plastic method (EP) 
Assuming tension-deformation constituent connections of linear or more complex material. 
The elastic-plastic method may be applied to any type of section. 
4.2.3.3
Global analysis methods 
The global analysis of the structure can be conducted using one of the following methods: 
Elastic method (E) 
Evaluating the effects of the actions based on the assumption that the tension-deformation connection of the material is definitely linear. 
The elastic-plastic method is applicable to structures composed of sections of any class. 
The strength of the sections may be evaluated with the elastic, plastic or elastic-plastic method for ductile or compact sections (class 1 or 2), or with the elastic or elastic-plastic method for semi-compact or slender sections (class 3 or 4). 
Plastic method (P) 
The effects of the actions are evaluated by neglecting the elastic deformation of structural elements and concentrating on plastic deformations in formation sections of plastic hinges. 
The method is applicable to structures entirely composed of class 1 sections. 
Elastic-plastic method (EP) 
The effects of the actions are evaluated by introducing sections, obtained by considering a tension-deformation constituent connection of bilinear or more complex type, into the moment-curve connection model. 
The elastic-plastic method is applicable to structures composed of sections of any class. 
The possible alternatives for methods of structural analysis and evaluation of flexural strength capacity of sections are summarised in the following Table 4.2.VI. 
Table 4.2.VI - Global analysis methods and related calculation methods of capacity and permitted section classes
	Global analysis methods
	Calculation method of section strength capacity
	Section type

	(E)
	(E)
	all (*) 

	(E)
	(P)
	classes 1 and 2 

	(E)
	(EP)
	all (*) 

	(P)
	(P)
	class 1 

	(EP)
	(EP)
	all (*) 

	(*) for class 4 sections, the strength capacity can be calculated with reference to the effective section. 


4.2.3.4
Effects of deformations 
In general, it is possible to carry out:
−
first order analysis, imposing equilibrium on the initial configuration of the structure, 
−
second order analysis, imposing equilibrium on the deformed configuration of the structure. 
Global analysis can be carried out with first order theory in cases where the effects of deformations on the magnitude of the stresses, on instability phenomena and on any other relevant structural response parameters may be considered negligible. 
This condition can be assumed as verified if the following relationship is satisfied: 
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where αcr is the multiplier of applied loads inducing overall instability in the structure, FEd is the value of the design loads and Fcr is the value of the unstable load calculated by considering the initial elastic rigidity of the structure. 
4.2.3.5
Effect of imperfections 
In the analysis of the structure and the bracing systems and in the calculation of the structural members, account should be taken of the effects of geometrical and structural imperfections such as the lack of verticality or straightness, the lack of coupling and the inevitable minor eccentricity present in actual connections. 
To this end, in the analysis, suitable equivalent geometrical imperfections, of a value such as to simulate the possible effects of the actual imperfections they are replacing, may be adopted, unless such effects are not implicitly included in the calculation of the strength of the structural elements. 
The following should be considered in the calculation: 
−
overall imperfections for frames or bracing systems; 
−
local imperfections for individual structural elements. 
The effects of global imperfections for frames that are sensitive to second order effects can be reproduced by introducing an initial structural error of verticality and an initial curve of the constituent structural elements. 
The initial structural error of verticality in a frame can be disregarded when: 

HEd ≥ 0.15 ( QEd
[4.2.2]
where HEd is the sum of the horizontal reactions at the column base of the plane in question and QEd is the sum of the vertical reactions at the column base of the same plane.
In the case of frames that are not sensitive to second order effects, in the execution of the global analysis for the calculation of stresses to be introduced in the verification of the stability of structural elements, the initial curve of the structural elements can be disregarded. 
In the analysis of bracing systems that should ensure the lateral stability of inflected beams or compressed elements, the effects of global imperfections should be reproduced by introducing, under the form of an initial straightness error, a geometric imperfection equivalent to the designated element. 
In the verification of individual structural elements, when it is not necessary to take account of second order effects, the effects of local imperfections are to be considered implicitly, included in formulas verifying stability. 
4.2.4.
VERIFICATIONS 
The characteristic actions (loads, distortions, thermal variations, etc.) should be defined in accordance with Chapters 3 and 5 of these standards. 
For civil or industrial buildings of current type and for which there are no specific regulations, the design actions are to be obtained, for static verifications, as indicated in Chapter 2. 
The calculation should be carried out with appropriate structural mechanics methods, in accordance with criteria set out in § 4.2.3. 
4.2.4.1
Monitoring ultimate limit states 
4.2.4.1.1
Design resistance 
The design resistance of the structural member Rd is expressed in the form: 
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[4.2.3] 
where: 
Rk
is the characteristic strength value (pulling, compression, bending, shear and twisting) of members, determined by the characteristics strength values of the materials fyk and by the geometric characteristics of structural elements, dependent on the section class.
γM
is the overall partial factor for the adopted strength model. 
In the event in which there are class 4 section elements, reference may be made to “effective” geometric characteristics, effective area Aeff, effective modulus of strength Weff, and effective modulus of inertia Jeff, evaluated following the procedure indicated in UNI EN 1993-1-5. In the case of cold-formed structural elements and thin sheets, in order to evaluate the "effective” characteristics, reference can be made to UNI EN 1993-1-3. As an alternative to the effective geometric characteristics method, the reduced tension method can be utilised, as indicated in UNI EN 1993-1-5. 
For strength verifications of structural member sections, with reference to strength models exposed in current legislation and by utilising steel of grades S 235 to S 460 set out in § 11.3, the partial factors γM0 and γM2 are adopted, as indicated in Table 4.2.VII. The coefficient of safety γM2, in particular, should be used if verifications of tensioned elements are carried out in the union area of structural members weakened by holes. 
To evaluate the stability of compressed structural elements, bent and compressive-bent, the partial safety coefficient γM1 is utilised, as indicated in the following table.
Table 4.2.VII - Safety coefficients for strength and stability of structural members 
	Section strength classes 1-2-3-4 
	γM0 = 1.05 

	Resistance to the instability of structural members 
	γM1 = 1.05 

	Resistance to the instability of road and rail bridges 
	γM1 = 1.10 

	Resistance, with respect to breakage, of tensioned sections (weakened by holes) 
	γM2 = 1.25 


4.2.4.1.2
Strength of structural members 
For beam verifications, the design strength is to be considered based on the section classification. 
Elastic range verification is permitted for all types of sections, with the caveat that the effects of local instability must be taken into account for class 4 sections. 
Elastic range verifications, for plane stress conditions typical of beams, are carried out with reference to the following criteria: 


[image: image169.wmf](

)

2

0

M

yk

2

Ed

Ed

,

x

Ed

,

z

2

Ed

,

z

2

Ed

,

x

/

f

3

g

£

t

+

s

s

-

s

+

s


[4.2.4]
where: 
σx,Ed
is the design value of normal tension in the point under consideration, acting in a direction parallel to the axis of the structural members; 
σz,Ed
is the design value of normal tension in the point under consideration, acting in a direction perpendicular to the axis of the structural members; 
τEd
is the design value of tangential tension in the point under consideration, acting in the plane of the section of the structural members. 
Plastic range verification requires that a distribution of "statically admissible” internal tensions is determined, i.e. in equilibrium with the stresses applied (N, M, T, etc.) and respectful of the condition of plasticity. 
The resistance models set out in the following paragraphs define the resistance of the sections of the structural members with respect to internal stresses acting separately or simultaneously. 
For class 4 sections, as an alternative to the formulas used in the following, other methods of proven validity can be employed. 
4.2.4.1.2.1
Traction 
The axial design action NEd should comply with the following condition: 
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[4.2.5]
where the design tensile strength Nt,Rd of the structural members with sections weakened by holes for bolt or nail connections should be assumed equal to the lower of the following values: 
a)
the gross plastic design resistance of the section, A, 
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[4.2.6]
b)
the breaking strength of net section Anet, in correspondence with connection holes 
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[4.2.7]
If the design provides for the hierarchy of strength, as occurs in the presence of seismic actions, the design plastic strength of gross section, Npl,Rd, should be less than the breaking strength of sections weakened by holes for connections, Nu,Rd: 
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[4.2.8]
4.2.4.1.2.2
Compression 
The design compressive forceEd should comply with the following condition: 


[image: image174.wmf]1

N

N

Rd

,

c

Ed

£


[4.2.9]
where the design compressive strength of the section Nc,Rd is: 
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	[4.2.10]
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It is not necessary to elicit the area of the holes for bolted or nailed connections, provided that there are connection elements present in all of the holes and that there are no oversized or slotted holes. 
4.2.4.1.2.3
Uniaxial bending (straight-line) 
The design bending moment MEd should comply with the following conditions: 
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[4.2.11]
where the design bending strength Mc,Rd is evaluated taking into account the presence of any holes in the stretched area for bolt or nail connections. 
Where the design bending resistance of the Mc,Rd shall apply:
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 for class 1 and 2 sections;
[4.2.12]
in which Wpl is the modulus of plastic strength of the section
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 for class 4 sections;
[4.2.14]
for class 3 sections, Wel,min is the minimum modulus of elastic strength of the steel section; for class 4 sections, instead, the modulus Weff,min is calculated by eliminating the parts of the section that are inactive due to local phenomena of instability in accordance with the method set out in UNI EN 1993-1-5, and by choosing the lesser of the moduli thus obtained. 
For biaxial bending, see below. 
In the bent elements characterised by bolted structural joints, the presence of holes in tensioned lintels of profiles can be disregarded in the calculation of the normal compressive stress if the following relationship is verified 


[image: image181.wmf]0

M

yk

f

2

M

tk

net

,

f

f

A

f

A

9

,

0

g

×

³

g

×

×


[4.2.15]
where Af is the gross area of the tensioned lintel, Af,net is the area of the lintel, net of the holes and ftk is the ultimate steel strength. 
4.2.4.1.2.4
Shear 
The design value of the shearing action VEd should respect the condition 
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[4.2.16]
where the design shear strength Vc,Rd, in the absence of twisting, shall apply
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[4.2.17]
where Av is the area resistant to shear. For I and H profiles loaded on the plane of the web, it can be assumed 
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[4.2.18]
for C or U profiles loaded in the core plane, it can be assumed 
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[4.2.19]
for I and H profiles loaded on the plane of the flanges, it can be assumed 
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[4.2.20]
for T profiles loaded in the core plane, it can be assumed 
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[4.2.21]
for hollow rectangular ‘hot profiled’ sections with even thickness, it can be assumed 
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	[4.2.22]
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for hollow circular sections and tubes with even thickness: 
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[4.2.23]
where: 
A
is the gross area of the profile section, 
b
is the width of the wings for the profiles and the width for hollow sections,
hw
is the height of the core, 
h
is the height of the hollow sections, 
r
is the radius of curvature between the web and the wing, 
tf
is the thickness of the flanges, 
tw
is the core thickness. 
In the presence of torsion, the shear strength of the profile should be appropriately reduced. For I or H sections, the reduced design shear resistance is given by the formula 
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[4.2.24]
where τt,Ed is the maximum tangential stress due to uniform twisting. For hollow sections, the formula is instead 
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[4.2.25]
Shear verification of the section can also be conducted in stress terms (elastic check) at the most stressed point of the cross-section by using the formula 
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[4.2.26]
where τand is evaluated in the linear elastic range. 
Verification of the instability of the web of the section subjected to shearing and devoid of stiffeners should be carried out in accordance with § 4.2.4.1.3.4 if 
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[4.2.27]
with η conservatively assumed equal to 1.00 or evaluated as provided for in standards of proven validity. 
4.2.4.1.2.5
Torsion 
For elements subject to torsion, when the section distortions may be disregarded, the design twisting stress, TEd, should satisfy the relationship 
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[4.2.28]
where TRd is the design twisting strength of the cross-section. The acting torsion TEd may be considered as the sum of two contributions 
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[4.2.29]
where Tt,Ed is the even torsion and Tw,Ed is the torsion due to prevented warping. 
4.2.4.1.2.6
Bending and shear 
If the design shear VEd is less than half of the design resistance Vc,Rd
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[4.2.30]
the effect of shear on the bending strength can be disregarded, except in cases in which the instability due to shear reduces the bending strength of the section. If the design shear VEd is greater than half of the design shear resistance Vc,Rd the influence of the shear on the bending resistance needs to be taken into account. 
Set 


[image: image198.wmf]2

Rd

,

c

Ed

1

V

V

2

ú

ú

û

ù

ê

ê

ë

é

-

=

r


[4.2.31]
the bending resistance is determined by assuming for the shear resistance area Av the reduced yield stress tension (1 – () fyk. 
For the symmetrically double I or H sections of classes 1 and 2, subject to bending and shearing in the core plane, the corresponding conventional flexural design resistance may be evaluated as: 
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[4.2.32]
in which Aw represents the core area of the profile.
4.2.4.1.2.7
Straight-line compressive or tensile-flexural stress 
The straight-line compressive or tensile-flexural stress may be treated with reference to methods of proven validity.
For symmetrically double I or H sections of classes 1 and 2, subject to compressive or tensile-flexural stress at the plane of the web, the corresponding conventional flexural design resistance may be evaluated as: 
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[4.2.33]
For symmetrically double I or H sections of classes 1 and 2, subject to compressive or tensile-flexural stress at the plane of the flanges, the corresponding conventional flexural design resistance may be evaluated as: 
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or
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[4.2.35]
where 
Mpl,y,Rd
is the simple flexural design plastic compressive stress in the core plane, 
Mpl,z,Rdis the simple flexural design plastic compressive stress in the plane of the flanges, 
and assuming: 

n = NEd / Npl.Rd
[4.2.36]
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[4.2.37]
where: 
A
is the gross area of the section, 
b
is the width of the flanges, 
tf
is the thickness of the flanges. 
For generic class 1 and 2 sections, verification is carried out by checking that the design moment is smaller than the plastic design moment, reduced due to the effect of normal design stress MN,y,Rd. 
4.2.4.1.2.8
Biaxial compressive or tensile-flexural 
The biaxial compressive or tensile-flexural stress may be treated with reference to methods of proven validity.
For symmetrically double I or H sections of classes 1 and 2, subject to biaxial compressive or tensile-flexural stress, the resistance condition may be evaluated as: 
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[4.2.38]
with n ≥ 0.2 where n = NEd / Npl,Rd. In the event where n < 0.2, and in any case for generic class 1 and 2 sections, verification can be carried out by conservatively checking that: 
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[4.2.39]
For class 3 sections, in the absence of shearing, straight-line or biaxial compressive or tensile-flexural stress verification is carried out in tensional terms by using elastic verifications; the acting tension is calculated by considering the possible presence of holes. 
For class 4 sections, verifications should be carried out with reference to elastic resistance (tensional verification); the effective geometrical properties of the cross-section can be used by considering the possible presence of holes.
4.2.4.1.2.9
Bending, shearing and axial stress 
When calculating the bending moment resistance, the axial and shearing stress effects should be considered if present. 
In the case in which the design stress shear, VEd, is less than 50 % of the design shear resistance, Vc,Rd, the bending resistance of the section may be calculated with formulas for tensile/compressive-flexural stress. If the shear design stress exceeds 50 % of the shear design resistance, a reduced yield stress is assumed for the interaction between bending and shearing: fy,red=(1 -) fyk where: 
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[4.2.40]
For class 3 and class 4 sections, verifications should be carried out with reference to elastic resistance (tensional verification); for class 4 sections, the effective geometrical properties of the cross-section can be used. 
4.2.4.1.3
Stability of structural members 
4.2.4.1.3.1
Compression rods 
Verification of stability of a rod is carried out under the assumption that the cross-section is evenly compressed. It should be 
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[4.2.41]
where 
NEd
is the design compressive action, 
N b,Rd
is the instability design resistance in the compressive rod, provided by
[image: image1.wmf]

[image: image208.wmf] 

3,

 

e

 

2

 

1,

 

classe

 

di

 

sezioni

 

le

 

per

 

Af

N

1

M

yk

Rd

,

b

g

c

=


[4.2.42]
and by 
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[4.2.43]
The coefficients χ depend on the type of section and on the type of steel used; they are derived, in accordance with the appropriate values of standard slenderness 
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, by the following formula 
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where 
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α is the imperfection factor obtained from Table 4.2.VIII and standard slenderness 
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Table 4.2.VIII - Instability curve for various types of sections and classes of steel, for compressive elements
	Cross-section
	Limits
	Inflection around the axis
	Instability curve

	
	
	
	S235,
S275,
S355,
S420
	S460

	Rolled sections
	
[image: image216.png]



	h/b > 1.2
	tf ≤ 40 mm
	y-y
z-z
	a
b
	a0
a0

	
	
	
	40 mm < tf ≤ 100 mm
	y-y
z-z
	b
c
	a
a

	
	
	h/b ≤ 1.2
	tf ≤ 100 mm
	y-y
z-z
	b
c
	a
a

	
	
	
	tf > 100 mm
	y-y
z-z
	d
d
	c
c

	Welded I sections
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	tf ≤ 40 mm
	y-y
z-z
	b
c
	b
c

	
	
	tf > 40 mm
	y-y
z-z
	c
d
	c
d

	Hollow sections
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	“Hot-formed” section
	either
	a
	a0

	
	
	“Cold-formed” section
	either
	c
	c

	Welded boxed sections
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	In general
	either
	b
	b

	
	
	“Thick” welding: a>0.5tf; b/tf<30; h/tw<30
	either
	c
	c

	Solid U and T sections
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	either
	c
	c

	L section
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	either
	b
	b

	Instability curve
	a0
	a
	b
	c
	d

	Imperfection factor α 
	0.13
	0.21
	0.34
	0.49
	0.76


Ncr is the elastic critical load based on the properties of the gross section and on the rod free bending length0 , calculated by the appropriate instability collapse method (flexural, torsional or flexural-torsional). 
In the case in which
[image: image222.wmf]l

is less than 0.2 or in the case in which the design stress NEd is less than 0.04Ncr , the effects linked to phenomena of instability from compressed rods may be disregarded. 
Slenderness limitations 
Length l0 = β· l is defined as the bending length, to be used when calculating the elastic critical load Ncr to replace rod length l as shown in the structural layout. The coefficient β should be evaluated taking into account actual rod constraint conditions in the bending plane considered. 
The slenderness of a rod in the verification plane in question is defined by the ratio 

λ = l0 / i
[4.2.47]
where
l0
is the bending length in the plane considered, 
i
is the relative inertia radius. 
It is appropriate to limit the slenderness λ to the value of 200 for the main structural member and 250 for secondary structural members. 
4.2.4.1.3.2
Inflected beams 
Inflected beams with a compressed lintel that are not sufficiently laterally constrained should be verified against flexural-torsional instability according to the formula 


[image: image223.wmf]1

M

M

Rd

,

b

Ed

£


[4.2.48]
where: 
MEd
is the maximum design bending moment 
Mb,Rd 
is the design resistant moment due to instability. 
In the case of the inflected profile as per the strong axis (axis y), the design normal compressive stress for instability effects of a beam not secured at the side may be assumed equal to 
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[4.2.49]
where 
Wy is the resistance modulus of the section, equal to the modulus of plastic Wpl,y, for class 1 and 2 sections to the modulus of elasticity Wel,y, for class 3 sections and those that may be assumed equal to the effective modulus Weff,y, for class 4 sections. 
The factor χLT is the reduction factor for flexural-torsional instability depending on the type of profile used, and may be determined by the formula 
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where 
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The normal coefficient of slenderness 
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 is provided by the formula
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[4.2.51]
where Mcr is the elastic critical moment of flexural-torsional instability, calculated by considering the gross section of the profile and by taking into account the load conditions and the torsional retainers present, based on the assumption of a uniform bending moment graph. 
The imperfection factor αLT is obtained from the guidance set out in Table 4.2.IX (A) based on the stability curve defined in Table 4.2.IX (b)
The factor f considers the actual distribution of the flexural moment between the torsional retentions of the inflected element, and is defined by the formula 
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[4.2.52]
in which the corrective factor kc assumes the values set out in Table 4.2.X. Particularly, in the event of linear variation of the flexural moment  (-1≤1) represents the ratio between the minimum modulus moment and the maximum modulus moment each taken with its sign.
Generally, it can be assumed that f=1, =1, K=1 and 
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Table 4.2.IX (a)Recommended values of α LT for different stability curves.
	Stability curve
	a
	b
	c
	d

	Imperfection factor α LT
	0.21
	0.34
	0.49
	0.76


Table 4.2.IX (b) - Definition of instability curve for various types of sections and for inflected elements
	Cross-section
	Limits
	Instability curve Table 4.2.VIII

	I rolled section 
	h/b≤2
h/b>2
	b
c


	Welded compound section 
	h/b≤2
h/b>2
	c
d

	Other cross-sections 
	-
	d


For I or H profiles, welded rolled or compound, the coefficient 
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 may not be assumed to be greater than 0.4, the coefficient β may not be assumed to be less than 0.75, and the term K is defined as:
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[4.2.53]
4.2.4.1.3.3
Inflected and compressed structural members 
For structural elements subject to compression and bending, the relative phenomena of instability should be studied making reference to regulations of proven validity. 
4.2.4.1.3.4
Panel stability 
Thin-walled structural elements (class 4) present complex local instability problems, and should be dealt with through reference to regulations of proven validity. 
4.2.4.1.4
Fatigue limit state 
The resistance to fatigue of structures subject to cyclical loads should be verified, ensuring that: 
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[4.2.54]
where 
(d
the stress range (actual or equivalent to the stress spectrum) produced by design cyclical actions that induce fatigue effects with partial coefficients (Mf= 1; 
(Rfatigue strength for the relative category of construction details, as deductible from the S-N curve of fatigue strength, for the total number of stress cycles N applied during the required design life, 
(Mf
the partial coefficient defined in Table 4.2.XI. 
In the case of buildings, fatigue verification of structural members is not generally required, except for those to which load lifting devices or vibrating machines are applied. 
Table 4.2.X - Corrective coefficient of the bending moment for stability verification of inflected beams
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	Distribuzione del momento flettente
	Bending moment distribution

	Fattore correttivo kc
	Corrective factor kc


For bridges, the load spectrum to be used for fatigue verification is set out in Chapter 5 of these standards.
In order to evaluate the effects of fatigue, it is first of all essential to classify structures with respect to their sensitivity to the phenomenon.
Structures that are not very sensitive to fatigue failure are those in which all the following are present: 
-
construction, materials and tension level details, such that any cracks exhibit low propagation velocity and significant critical length;
-
construction provisions that allow for the redistribution of stresses;
-
suitable details to stop the propagation of cracks; 
-
details that are easy to repair and inspect;
-
pre-established inspection and maintenance procedures are adapted to detect and repair any cracks.
Structures that do not fall under the previous points are defined as sensitive to fatigue failure.
Resistance to fatigue of a detail is identified by means of a characteristic curve, curve S-N, which expresses the number of failure cycles N in accordance with variations of tension in the σor  cycle.
For guidance concerning the implementation method of construction details and their classification with the respective S-N curve, reference can be made to the document UNI EN 1993-1-9. 
Table 4.2.XI - Safety coefficients to be assumed for fatigue verifications. 
	
	Consequences of failure

	
	Moderate consequences
	Significant consequences

	Structures not very sensitive to fatigue failure 
	(Mf = 1.00
	(Mf = 1.15

	Structures sensitive to fatigue failure 
	(Mf = 1.15
	(Mf = 1.35


Fatigue verifications may be of indefinite duration or damage. 
Indefinite duration verification. 
Indefinite duration verification is carried out by checking that both:
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or that: 
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[4.2.56]
where 
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 are, respectively, the design values of the maximum ranges of normal and tangential tensions induced in the detail in question by the load spectrum and 
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 the constant amplitude fatigue limits.
Indefinite duration verification is excluded for all details whose S-N curve does not exhibit a constant amplitude fatigue limit (e.g. for pin connectors).
Damage verification 
Damage verification is carried out through the Palmgren-Miner formula, by checking that the damage D is:
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where 
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 induced by the load spectrum for damage verification in the course of the life expectancy of the component and 
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, obtained from the S-N curve characteristic of the detail.
Damage verification can also be carried out with the equivalent damage coefficient method (. For the use of this method, reference should be made to regulations of proven validity, referred to in Chapter 12.
In the case of combinations of normal and tangential tension, the evaluation of resistance to fatigue should consider their combined effects by adopting suitable damage combination criteria. 
In the evaluation of resistance to fatigue, account should be taken of the thickness of the metal base in which a potential crack may occur. 
The S-N curves laid down in consolidated literature refer to nominal tension values. 
For construction details where the resistance to fatigue curve is not known, tensional ranges may refer to geometric or peak tensions, i.e. to the main tensions in the metal base in the vicinity of the potential crack, according to the methods and specific restrictions of the method, in the scope of fracture mechanics. 
For fatigue verifications it is permitted to take account of favourable effects of any thermal or mechanical treatments, provided that they are sufficiently substantiated.
4.2.4.1.5
Base temperature fragility 
The minimum temperature at which steel for structural use can be utilised without the risk of brittle failure, in the absence of more precise data, should be estimated on the basis of temperature T in which for said steel the resilience KV may be guaranteed in accordance with the applicable European standards. 
As regards the characteristics of tenacity, in the case of structures that are not protected, they are assumed as the minimum reference temperature TEd of the location of the structure installation with a period of return of 50 years Tmin defined in § 3.5.2

TEd = Tmin
[4.2.58]
In the case of protected structures, the temperature T min will be adopted, increased by 15 °C 

TEd = Tmin + 15 °C
[4.2.59]
In the absence of local statistical data, the value TEd = -25 °C may be assumed as the reference temperature for non-protected structures and TEd = -10 °C for protected structures. 
For the determination of maximum thicknesses of use of steels in accordance with
–
the minimum operational temperature, 
–
the design stress levels σEd with the limit states method, 
–
the type and grade of steel, 
Table 2.1 of UNI EN 1993-1-10:2005 can be used as reference. 
The rules set out in Table 2.1 of UNI EN 1993-1-10 shall apply to compressed members, with σEd =0.25 fy. 
This table is valid for a deformation velocity not greater than ε0 = 4x10-4/s and for materials that have not undergone hardening and/or ageing so as to alter their tenacity characteristics. 
4.2.4.1.6
Cable, bar and rope strengths 
Verification of cables, bars and ropes should take account of the specificity of these elements both as regards the characteristics of their materials as well as their construction details, and may be conducted with reference to specific guidance contained in regulations of proven validity such as UNI EN 12385, UNI EN 10059 and UNI EN 10060, adopting partial factors γM that guarantee safety levels established in these standards. 
4.2.4.1.7
Support apparatus strength 
Verification of support apparatuses should be conducted, taking into account the specificity of materials used and the type of equipment. 
Calculation models contained in regulations of proven validity may be referred to, such as the set of standards UNI EN 1337, adopting partial factors γM that guarantee levels of safety established in these standards. 
4.2.4.2
Ultimate limit states verification
4.2.4.2.1
Vertical displacement 
The total value of the perpendicular displacement of the element at the axis (Figure 4.2.3) is defined as 

δtot = δ1 + δ2
[4.2.60]
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Figure 4.2.3 - Definition of vertical displacement for operational verifications
	δmax
	δmax

	δtot
	δtot


where: 
δC
is the initial mount of the beam,
δ1
is the elastic displacement due to permanent loads, 
δ2
is the elastic displacement due to variable loads, 
δmax
is the displacement in the final state, not counting the initial mount = δtot - δC. 
For roofing, floors and beams of ordinary buildings, the limit values of δmax and δ2, related to the characteristic combinations of actions, are expressed as a function of the aperture L of the element. 
The values of these limits are to be defined in relation to the effects on the load-bearing elements, the quality of comfort required for construction, the characteristics of structural elements and non-structural elements incumbent on the element in question, and the possible implications of excessive deformability on the value of acting loads. 
In the absence of more precise guidance, the limits indicated in Table 4.2.XII may be adopted, where L is the element span, or in the case of brackets, the double of the overhang. 
4.2.4.2.2
Lateral displacement 
Within buildings, lateral displacements at the top of columns for the combining of features of actions should generally be limited to a fraction of the height of the column and of the overall height of the building to be evaluated in accordance with the effects on the load-bearing elements, the quality of comfort required for construction and the possible implications of excessive deformability on the value of acting loads. 
In the absence of more precise guidance, the limits for horizontal displacement indicated in Table 4.2.XIII may be adopted (∆ summit displacement; δ relative plane displacement – Figure 4.2.4). 
Table 4.2.XII - Deformability limits for floor elements of ordinary buildings 
	Structural elements
	Upper limits for vertical displacements
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	Roofing in general 
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	Feasible roofing 
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	Floors in general 
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	Floors or roofing bearing plaster or other fragile finishing materials or inflexible partitions 
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	Floors that support columns 
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	In the event that the displacement may compromise the appearance of the building 
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	In case of specific technical and/or functional requirements the limits of which should be suitably reduced. 


Table 4.2.XIII - Deformability limits for ordinary buildings subject to horizontal actions
	Building type
	Upper limits for horizontal displacement
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	Single-storey industrial buildings without overhead crane 
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	Other single-story buildings 
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	Multi-storey buildings 
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	In case of specific technical and/or functional requirements the limits of which should be suitably reduced. 
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Figure 4.2.4 - Definition of vertical displacement for operational verifications
4.2.4.2.3
Vibration limit state 
Verifications should be conducted by adopting frequent design combinations and making reference to regulations for the measurement and evaluation of the effects induced by vibrations such as UNI 9614 and UNI 9916, and other standards of proven validity. 
4.2.4.2.3.1
Buildings 
For floors loaded regularly by people, the lowest natural frequency of the floor should generally be no less than 3 Hz. 
For floors subject to cyclical excitations, the lowest natural frequency should generally be no less than 5 Hz. 
As an alternative to such restrictions, an acceptability check may be conducted on the perception of vibrations. 
4.2.4.2.3.2
Structures with high flexibility and subject to cyclical loads 
Acceptability checks of perception should be conducted in accordance with methodologies and limitations suggested by regulations of proven validity. 
4.2.4.2.3.3
Oscillations produced by wind 
Structures of high flexibility, such as tall and slender buildings, buildings with very wide roofing, etc. should be verified for the effects induced by the dynamic action of wind, through vibrations parallel and perpendicular to the action of the wind. 
Verifications should be carried out for vibrations induced by gusts and for vibrations induced by swirls, using data supported by appropriate documentation or through properly substantiated analytical, numeric and/or experimental methods.
4.2.4.2.4
Local plasticisation limit states 
In steel structures it is normal that the presence of residual tensions (due to manufacturing processes, tolerances, peculiarities of some details, localised variations of temperature) produces concentrations of tensions and consequent localised plasticisations. These residual tensions do not influence the safety of the construction with regard to ultimate limit states. In addition to the criteria referred to in § 4.2.4.1.3, the influence of these parameters should be taken into account as regards the instability of structural members. 
In the presence of phenomena of fatigue with a low number of cycles, caution should be exercised through specific verifications. 
4.2.5.
VERIFICATIONS FOR TRANSITIONAL DESIGN SITUATIONS 
For transitional constructive situations, such as those that occur during the construction phases, construction technologies and work programmes should be adopted that cannot cause permanent damage to the structure or to structural elements and that in any case cannot negatively affect the safety of the construction. 
The extent of environmental actions to be taken into account shall be determined in relation to the duration in time of the transitional situation and operational technology. 
4.2.6.
VERIFICATION FOR EXCEPTIONAL DESIGN SITUATIONS 
For exceptional design situations, plans should demonstrate the robustness of the building through damage scenario procedures for which the partial factors γM of the materials may be assumed as equal to the unit. 
4.2.7.
PLANNING COMPLEMENTED BY TESTS AND VERIFICATION THROUGH TESTING
Strength and structure functionality and structural elements can be measured through testing of samples of adequate size. 
The results of tests carried out on appropriate samples should be dealt with through methods of statistical analysis to obtain significant parameters such as average, standard deviation and skewness values in order to adequately characterise a probabilistic descriptor model of the quantity investigated (random variables). 
More detailed guidance on these matters and comprehensive operational methods for integrated planning by testing can be found in Appendix D to UNI EN 1990:2006.
4.2.8.
COUPLING 
In this paragraph, elementary coupling systems are considered in so far as parts constituting the structural links between steel structural members. In particular, under examination are methods to calculate strength performance and the relative methods and rules for the implementation of the various types of unions examined. The types of coupling analysed are those implemented through bolts, nails, pins and welding. 
Stresses acting in links at the ultimate limit state and at the serviceability limit state should be evaluated using the criteria indicated in § 4.2.2. 
Stresses thus determined may be distributed, with elastic or plastic criteria, in the individual elements constituting the structural links between the structural members on condition that: 
-
the actions thus spread between the elements of the elementary union (coupling) of the connection are in equilibrium with those applied and they meet the resistance condition set for each of them; 
-
the deformations deriving from such distribution of stresses within the elements of union do not exceed their deformation capacity. 
For the calculation of the shear strength of the screws and nails, for the bearing stress of the connected plates and for the pre-load of bolts, the partial factors γM are adopted, as indicated in Table 4.2.XIV.
Table 4.2. XIV - Safety coefficients for coupling verification.
	Bolt strength 
	γM2 = 1.25

	Nail strength 
	

	Pin connection strength 
	

	Strength of partial penetration and corner bead welding 
	

	Contact plate strength 
	

	Slip resistance: for ULS
	γM3= 1.25

	for SLS 
	γM3= 1.10

	Pin connection strength at the serviceability limit state 
	γM6,ser= 1.0

	Bolt preload at high strength
with controlled tightening
with uncontrolled tightening
	(M7 = 1.0
(M7 = 1.10


4.2.8.1
Coupling with bolts, nails and pins subject to static loads 
Coupling implemented with bolts is divided between “not preloaded” and “preloaded.” 
Coupling implemented with nails is always distinguished as “not preloaded,” and the nails should preferably be committed to shearing. 
The hinge pins are subjected to shearing and bending.
4.2.8.1.1
Coupling with bolts and nails 
In “non-pre-loaded” connections with bolts, the screw/nut/washer assemblies should conform to that specified in § 11.3.4.6.1. 
In “preloaded” connections with bolts, the screw/nut/washer assemblies should conform to that specified in § 11.3.4.6.2.
In coupling with high-strength bolts of classes 8.8 and 10.9, preloaded with controlled tightening, friction joints, screws, nuts and washers should be provided by the same manufacturer. The tightening moment M for such coupling is equal to:
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[4.2.61]
where: d is the nominal diameter of the screw, Ares is the resistant area of the screw and ftbk is the break strength of the screw material.
The value of the factor k is indicated on the packaging labels (of bolts or screws) for the three functional classes specified in the following Table 4.2. XV.
Table 4.2.XV - Functional classes for bolts
	K0
	No requirement for factor k

	K1
	Field of variability of factor ki of the individual element between the minimum and maximum declared on the packaging

	K2
	Average value km of the factor and its coefficient of variation Vkdeclared on the packaging


If the tightening moment is not shown on the packaging labels, but only the factor k appears, according to the functional class, the following Tables 4.2.XVI and 4.2.XVII may be referred to, which relate to screws of classes 8.8 and 10.9 respectively.
Table 4.2.XVI – Tightening torques for 8.8 bolts
	8.8 screws – Tightening moment M [N m]

	Screw
	k=0.10
	k=0.12
	k=0.14
	k=0.16
	Fp,C [kN]
	Ares [mm2]

	M12
	56.6
	68.0
	79.3
	90.6
	47.2
	84.3

	M14
	90.2
	108
	126
	144
	64.4
	115

	M16
	141
	169
	197
	225
	87.9
	157

	M18
	194
	232
	271
	310
	108
	192

	M20
	274
	329
	384
	439
	137
	245

	M22
	373
	448
	523
	597
	170
	303

	M24
	474
	569
	664
	759
	198
	353

	M27
	694
	833
	972
	1110
	257
	459

	M30
	942
	1 131
	1 319
	1 508
	314
	561

	M36
	1 647
	1976
	2 306
	2 635
	457
	817


Table 4.2.XVII – Tightening torques for 10.9 bolts
	10.9 screws – Tightening moment M [N m]

	Screw
	k=0.10
	k=0.12
	k=0.14
	k=0.16
	Fp,C [kN]
	Ares [mm2]

	M12
	70.8
	85.0
	99.1
	113
	59.0
	84.3

	M14
	113
	135
	158
	180
	80.5
	115

	M16
	176
	211
	246
	281
	110
	157

	M18
	242
	290
	339
	387
	134
	192

	M20
	343
	412
	480
	549
	172
	245

	M22
	467
	560
	653
	747
	212
	303

	M24
	593
	712
	830
	949
	247
	353


	M27
	868
	1 041
	1 215
	1 388
	321
	459

	M30
	1 178
	1 414
	1 649
	1 885
	393
	561

	M36
	2 059
	2 471
	2 882
	3 294
	572
	817


Set out in the tables are the dimensions of screw MXX, the strength area of screw Ares in mm2, the preload force Fp,C=0.7Aresftbk in kN and the values of the tightening moment M in Nm, corresponding to different values of the factor k. Given that the tightening moment is a linear function of the factor k, the interpolation for rows is immediate.
It is advisable to use, as far as possible, production batches of homogeneous bolts.
In the event of dynamic and/or vibration loads, it is advisable to provide self-locking systems, laid down in rules of proven technical validity.
In the event that bolting is used with functional class K1 or K2, all the “non-preloaded” bolts should be adequately tightened. 
The tightening of the bolts should be carried out in accordance with standard UNI EN 1090-2:2011. 
In joints with high-strength “preloaded” bolts, the friction strength depends on the method of preparation of the surfaces in contact, the method of execution and the hole-bolt clearance. By way of simplification, the design resistance to sliding of a friction bolt is calculated by assuming a preload force equal to 70 % of the ultimate tensile strength of the bolt. The value of the “preload” force to be assumed in the planned friction coupling for the serviceability limit state or for the ultimate limit state is therefore equal to 
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where Ares is the resistant area of the screw of the bolt
The position of the holes for the bolted or nailed coupling should comply with the limitations presented in Table 4.2.XVIII, which make reference to the coupling diagrams set out in Figure 4.2.5. 
Table 4.2.XVIII - Position of the holes for bolted and nailed coupling. 
	Distances and spacings
(Figure 4.2.5)
	Minimum
	Maximum

	
	
	Coupling exposed to corrosive or environmental phenomena
	Coupling not exposed to corrosive or environmental phenomena
	Coupling of steel elements resistant to corrosion (UNI EN 10025-5)

	and1
	1.2 d0
	4 t+40 mm
	-
	max(8t;12 mm)

	and2
	1.2 d0
	4t+40 mm
	-
	max(8t;125 mm)

	p1
	2.2 d0
	min(14t;200 mm)
	min(14t;200 mm)
	min(14t;175 mm)

	p1.0
	-
	min(14t;200 mm)
	-
	-

	p1,i
	-
	min(28t;400 mm)
	-
	-

	p2
	2.4 d0
	min(14t;200 mm)
	min(14t;200 mm)
	min(14t;175 mm)

	The local instability of the plate positioned between the bolts/nails should not be considered if (p1/t)<[9(235/fy)0.5]; otherwise an effective length equal to 0.6 will be assumed ( p1. 
t is the minimum thickness of the connected outer elements. 


The holes should have a diameter equal to that of the bolt plus a maximum of 1 mm, for bolts up to 20 mm in diameter, and of 1.5 mm for bolts with a diameter greater than 20 mm. It is possible to derogate from these limits when any readjustments under operating loads do not entail exceeding the limits of deformability or operation. When necessary, it is possible to adopt “precision coupling,” wherein the hole-bolt clearance should not exceed 0.3 mm for bolts up to 20 mm in diameter and 0.5 mm for bolts of larger diameter, or other requirements of recognised validity. 
For slotted or larger holes, the guidance set out in UNI EN 1993-1-8 should be used.
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Figure 4.2.5 - Positioning of holes for bolted or nailed coupling
Coupling with bolts or nails subject to shearing and/or traction 
The design shear resistance of bolts and nails Fv,Rd, for each shear plane which affects the shank of the connection element, may be assumed as equal to:

Fv,Rd = 0.6 ftbk Ares / γM2,
bolt classes 4.6, 5.6 and 8.8;
[4.2.63]

Fv,Rd = 0.5 ftbk Ares / γM2,
bolt classes 6.8 and 10.9;
[4.2.64]

Fv,Rd = 0.6 ftrk A0 / γM2,
for nails.
[04/02/1965]
Ares indicates the resistance area of the screw and is adopted when the shear plane affects the threaded part of the screw. In cases when the shear plane affects the non-threaded shank of the screw, 

Fv,Rd = 0.6 ftbk A/γM2, bolts - all resistance classes,
[4.2.66]
where A indicates the nominal area of the screw shank and ftbk indicates the break strength of the material used to make the bolt. With ftrk indicating the characteristic resistance of the material utilised for nails, and A0 indicating the hole section. 
The design bearing stress resistance Fb,Rd of the coupling plate, bolted or nailed, may be assumed equal to 

Fb,Rd = k α ftk d t / γM2,
[4.2.67]
where: 
d
is the nominal diameter of the bolt shank, 
t
is the thickness of the connected plate, 
ftk
is the characteristic failure strength of the material of the connected plate, 
α=min {e1/(3 d0); ftbk/ftk; 1}
for edge bolts in the direction of the applied load, 
α=min {p1/(3 d0) – 0.25; ftbk/ftk ; 1}
for internal bolts in the direction of the applied load, 
k=min {2.8 e2/d0 – 1.7; 2.5}
for edge bolts in the direction perpendicular to the applied load, 
k=min {1.4 p2 /d0 – 1.7 , 2.5}
for internal bolts in the direction perpendicular to the applied load, 
where e1 , e2 , p1 and p2 indicated in Figure 4.2.5 and d0 is the nominal diameter of the fixing hole of the bolt. 
The design resistance tensile of the connection elements Ft,Rd may be assumed equal to: 

Ft,Rd = 0.9 ftbk Ares / γM2, for bolts;
[4.2.68] 

Ft,Rd = 0.6 ftrk Ares / γM2, for nails.
[4.2.69] 
Furthermore, in the bolted coupling subject to traction, it is necessary to verify the punching plate; this is not required for nailed coupling. The design punching resistance of the connected plate is equal to 

Bp,Rd = 0,6 π dm tp ftk / γM2;
[4.2.70] 
where dm is the lesser of the diameter of the nut and the average diameter of the bolt head; tp is the thickness of the plate and ftk is the failure stress of the plate steel. 
The overall design resistance of the individual shear coupling is therefore provided by min (Fv,Rd; Fb,Rd), while the design resistance of the individual tensile coupling is obtained as min (Bp,Rd; Ft,Rd). 
In the event of the combined presence of traction and shearing, the following linear interaction formula can be adopted:
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with the limitation 
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, where with Fv,Ed and Ft,Ed the shear and tensile stresses acting on the coupling are indicated; for the sake of brevity, the shear and tensile resistances of the coupling have been indicated with Fv,Rd and Ft,Rd. 
Shear coupling for friction with high-strength bolts 
The design resistance to sliding Fs,Rd of a preloaded bolt of class 8.8 or 10.9 may be assumed equal to: 

Fs,Rd = n µ Fp,Cd / γM3.
[4.2.72] 
where: 
n
is the number of friction surfaces, 
µ
is the coefficient of friction,
Fp,Cd is the preloaded force of the bolt, provided by the expression [4.2.62], which in the event of controlled tightening, may be assumed to be equal to 0.7 ftbk Ares, as opposed to being equal to 0.7 ftbk Ares / γM7. 
The coefficient of friction between the contact plates µ in “preloaded” coupling is generally assumed to be equal to: 
	 = 0.5
	· mechanically sanded surfaces or grit finished surfaces, free from deposits of rust and pitting;

	 = 0.4
	· mechanically sanded surfaces or grit finished surfaces, and surfaces spray coated with aluminium- or zinc-based products.
· mechanically sanded surfaces or grit finished surfaces, and surfaces coated with alkaline zinc by applying a layer with a thickness of 50–80 m;

	 = 0.3
	· surfaces cleaned by brushing or by flame, free from deposits of rust;

	 = 0.2
	· non-treated surfaces.


In the event that a friction connection with preloaded high-strength bolts is subject to Ft,Ed (at the ultimate limit state) the design resistance to sliding Fs,Rd is reduced with respect to the value indicated above and can be assumed equal to: 

Fs,Rd = n µ ( Fp,Cd – 0,8 Ft,Ed )/ γM3
[4.2.73] 
In the case of sliding verification in the serviceability limit state, in a similar way we can assume: 

Fs,Rd,eser = n µ ( Fp,Cd – 0,8 Ft,Ed,eser )/ γM3
[4.2.74] 
where Ft,Ed,eser is the design stress obtained from the combination of loads for operational verifications.
4.2.8.1.2
Connections with pins 
The design shear resistance of the pin is equal to 

Fv,Rd = 0,6 fupk A / γM2
[4.2.75]
where A is the section area of the pin and fupk is the failure stress of the pin. 
The design bearing stress resistance of the steel element connected from the pin is equal to 

Fb,Rd = 1,5 t d fy / γM0
[4.2.76]
where t is the thickness of the element, d is the diameter of the pin, fy is the lesser of the yield stress of the pin (fypk) and that of the plate (fyk). 
In the planning of pin connections, care should be taken to contain bending actions. The design bending resistance of the pin provided by 

MRd = 1,5 Wel fypk / γM0
[4.2.77]
where Wel is the modulus (strength) of elasticity of the section of the pin. 
If the replacement of the pin is anticipated during the lifespan of the building, the flexural and shear stresses as well as compression on the edges of the holes should be kept to a minimum on the pin. Therefore, the shear force and the moment acting on the operational pin, Fb,Ed,ser and MEd,ser, should be limited according to the following formulas: 

Fb,Rd,ser = 0,6 t d fy / γM6ser > Fb,Ed,ser
[4.2.78]

M Rd,ser = 0,8 Wel fypk / γM6,ser > MEd,ser
[4.2.79]
Moreover, so that the pin can be replaced, it is essential to keep contact tensions, σh,Ed, to a minimum, at the limit value, fh,Ed = 2.5 fy / γM6,ser. The contact tensions can be evaluated with the following formula 
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where d0 indicates the diameter of the fixing hole of the pin, while FEd,ser is the shear force that the pin transfers operationally and E is the modulus of elasticity of the steel. 
4.2.8.2
Welded coupling 
In this paragraph, the following types of welded coupling are considered: full penetration, partial penetration, and coupling made with corner beads. For requirements concerning welding processes, filler materials and appropriate and essential checks for the implementation of welding equipped with mechanical performance appropriate to the safety levels required by this standard, refer to § 11.3.4.5. 
4.2.8.2.1
Full penetration coupling with welding 
Head-to-head, T and full penetration cross connections are generally made with filler materials with a strength equal to or greater than that of connected elements. Therefore, the design strength of full penetration connections is assumed as equal to the design strength of the weakest connection between the connected elements. A full penetration weld is characterised by full fusion of the parent metal through the entire thickness of the element to be joined with the filler material. 
4.2.8.2.2
Partial penetration coupling with welding 
Head-to-head, T and partial penetration cross connections are verified with the same criteria of corner beads (referred to in the following § 4.2.8.2.4). 
The height of the groove of the corner beads to be used in verifications is theoretical, corresponding to the preparation adopted and specified in project designs, without accounting for the penetration and the machine allowance of welding, in accordance with standards UNI EN ISO 9692, parts 1, 2, 3 and 4. 
4.2.8.2.3
Corner bead coupling with welding 
The design strength per unit length of corner beads is determined by referring to the height of the groove “a,” i.e. the height “a” of the triangle included in the cross-section of the bead itself (Figure 4.2.6). 
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Figure 4.2.6 - Definition of the area of the groove for the corner bead welding
The calculation length L is that of the entire bead, provided that it does not have a defective or clearly missing end. 
Possible tensions σ// defined in the next paragraph, acting in the cross-section of the bead and understood as being part of the resistant section of the structural members, should not be taken into consideration for the purposes of verification of the bead itself. 
For the calculation of the welding strength with corner beads, if reference is made to the calculation models presented in the following paragraph, the partial factors γM shall be adopted, as indicated in Table 4.2.XIV. Models contained in regulations of proven validity may be used by adopting partial factors γM that guarantee safety levels established in these standards. 
For the purposes of the durability of buildings, intermittent bead routine welding, implemented in a non-continuous manner along the edges of the parts to be joined, is not permitted in structures that are not securely protected against corrosion. 
For verification, the groove section in the actual position or the tilted position should alternatively be referred to as indicated in the next paragraph. 
4.2.8.2.4
Corner bead welding resistance 
At the ultimate limit state, the design actions on the corner beads are evenly distributed on the groove section (defined in § 4.2.8.2.3). 
In the following, σ( is the normal tension and τ( is the tangential tension, perpendicular to the axis of the corner bead and acting in the groove section in its actual position, and with σ(( the normal tension and with τ(( the tangential tension parallel to the axis of the corner bead. The normal tension σ(( does not influence the resistance of the bead. 
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Figure 4.2.7
Considering the groove section in its actual position, the following resistance condition can be assumed
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(( ≤ 0.9 ftk / (M2
	[4.2.81]


where:
ftk
is the characteristic nominal ultimate tensile resistance of the weaker of the connected parts; β = 0.80 for steel S235; 0.85 for steel S275; 0.90 for steel S355; 1.00 for steel S420 and S460. 
Alternatively, the height of the groove, mentioned above, can cautiously adopt the simplified criterion 

Fw,Ed/Fw,Rd ≤ 1
[4.2.82]
where Fw,Ed is the design force that stresses the corner bead per unit length and Fw,Rd is the design resistance of the corner bead per unit length
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By considering the groove section in the tilted position, with n( and with t( the normal tension and tangential tension are indicated, perpendicular to the axis of the bead. 
Verification of corner beads is carried out by checking that the two conditions are simultaneously satisfied 
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where fyk is the yield stress characteristic and the coefficients β1 and β2 are provided, in accordance with the grade of steel, in Table 4.2.XIX. 
Table 4.2.XIX - Coefficient values β1 and β2 
	
	S235
	S275 - S355
	S420 - S460

	β1
	0.85
	0.70
	0.62

	β2
	1.0
	0.85
	0.75


4.2.8.3
Coupling subject to fatigue loads 
Resistance to fatigue related to the various bolted and welded connection details, with relevant curves S-N, can be found in UNI EN 1993-1-9. 
In each case, the partial coefficients are indicated in Table 4.2.XI. Alternatively, models contained in regulations of proven validity may be used by adopting partial factors γM that guarantee safety levels established in these standards. 
4.2.8.4
Coupling subject to vibrations, impacts and/or load inversions 
In connections subject to shearing, which are dynamically stressed, as a result of vibrations induced by machinery or as a result of sudden variations of stresses due to impacts or other dynamic actions, appropriate technical solutions that effectively prevent sliding should be adopted. 
In this regard, the use of welded joints is recommended, or in the case of bolted coupling, the use of self-locking devices, preloaded bolts, calibrated hole bolts or other types of bolts suitable for limiting or eliminating sliding. 
4.2.9.
REQUIREMENTS FOR DESIGN AND IMPLEMENTATION 
The implementation of steel structures should conform with UNI EN 1090-2:2011, insofar as it is not contrary to these standards.
4.2.9.1
Thickness limits 
The use of profiles with a thickness t < 4 mm is forbidden. 
An exception to this rule, up to a thickness t = 3 mm, is allowed for constructions safely protected against corrosion, such as tubes closed at their ends and galvanised profiles, or works not exposed to atmospheric agents. 
The above limitations shall not extend to cold-formed elements and profiles. 
4.2.9.2
Hardened steel 
The use of hardened steel should be justified through specific evaluation in every case in which the plasticisation of the material is anticipated (plastic analysis, seismic or exceptional actions, etc.) or where the phenomena of fatigue prevails. 
4.2.9.3
Mixed-type joints 
The use of different connection methods of stress (for example, welding and bolting) is prohibited within the same joint unless one of the methods is capable of withstanding the entire stress, or it is demonstrated, through experimental or theoretical means, that the construction layout is exempt from the risk of premature chain collapse. 
4.2.9.4
Specific Problems 
For everything not dealt with in these standards in relation to: 
–
Preparation of the material 
–
Tolerance of manufacturing and assembly of structural elements
–
Use of flat iron
–
Section variations
–
Intersections
–
Shear links with normal bolts and nails
–
Hole-bolt tolerances. Bolt and nail spacings. Distances from margins
–
Friction connections with high-strength bolts
–
Welded connections
–
Connections for contact
reference may be made to regulations of proven validity. 
4.2.9.5
Support apparatus 
The structural design should provide for easy replacement of support equipment,if these have a shorter working life than that of the building to which they are connected. 
4.2.9.6
Coating and galvanising 
The elements of steel structures, unless they have proven resistance to corrosion, should be adequately protected by coating or galvanising, taking account the type of steel, its position in the structure and the environment in which it is located. Bolted connections (preloaded and not preloaded) should be particularly protected, so as to prevent any infiltration within the connection. 
Even for steels with improved corrosion resistance (it may be useful to refer to UNI EN 10025-5), necessary protection through coating should be provided. 
For inaccessible parts or closed section profiles that are not hermetically sealed at the ends, appropriate extra thickness should be provided. 
Elements designed to be incorporated in concrete castings should not be coated; instead, they should be hot-dip galvanised. 
4.2.10.
DURABILITY CRITERIA 
Durability concerns the maintenance over time of the geometry and material characteristics of structures so that they retain their functionality, aesthetic appearance and strength without alteration. 
To ensure such persistence in the design phase, construction details and the possible need to adopt extra thickness and protective measures should be taken into consideration, and a maintenance plan (inspections, maintenance operations and schedule for the implementation of the same) should be defined. 
4.2.11.
RESISTANCE TO FIRE 
Verifications of fire resistance may be carried out with reference to UNI EN 1993-1-2, using the coefficients γM ( § 4.2.6) relating to exceptional circumstances. 
4.3.
BUILDINGS COMPOSED OF STEEL - CONCRETE 
Compound structures consisting of parts made of steel for structural work and of parts made of reinforced concrete (normal or pre-stressed) yields, cooperating together with an appropriately sized connection system.
These standards define the general principles and rules for satisfying safety requirements for buildings with steel and concrete compound structures.
For everything not expressly indicated in this chapter with regard to structural design, execution, inspection and maintenance, reference should be made to the previous §§ 4.1 and 4.2, relating to reinforced concrete buildings and steel buildings, respectively. 
4.3.1.
SAFETY ASSESSMENT 
Safety evaluation is conducted in accordance with the fundamental principles illustrated in Chapter 2. 
Requirements for strength, functionality, durability and robustness are guaranteed by respecting the ultimate limit states and serviceability limit states of the structure as well as the structural components and the connections described in this standard. 
In addition to the information given in §§ 4.1 and 4.2, further limit states, listed below, should be considered.
4.3.1.1
Ultimate limit states 
Limit state of resistance of the steel-concrete connection, in order to prevent connection failure between steel and concrete elements with the consequent loss of compound functionality of the section. 
4.3.1.2
Serviceability limit states 
Serviceability limit state of the steel-concrete connection, in order to prevent excessive sliding between the steel and concrete elements during the operation of the building. 
4.3.1.3
Construction phases 
The construction phases, when relevant, should be considered in the design, analysis and verification of the compound structures. 
4.3.2.
STRUCTURAL ANALYSIS 
The method of analysis should be consistent with the design assumptions. 
The analysis should be based on appropriate structural model calculations given the limit state under consideration. 
4.3.2.1
Classification of sections 
The classification of compound sections is carried out according to the scheme introduced for steel sections in § 4.2.3. In the calculation, distributions of plastics or elastic tensions may be adopted for classes 1 and 2, while for classes 3 and 4, distributions of elastic tensions should be used. 
In particular, for class 1 and 2 sections, the slab traction reinforcement As, placed inside the composite width and used for the calculation of the plastic moment, should be made with B450C steel and should respect the condition:
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[4.3.1.b]
where Ac is the composite area of the concrete slab , fctm is the average tensile strength of the concrete, fyk and fsk are the characteristic yield stress strength of steel for structural work and for reinforcements respectively, hc is the weight of the concrete slab, z0 is the distance between the centre of gravity of the non-cracked concrete slab of the non-cracked compound section, and δ is equal to 1 for class 2 sections and 1.1 for class 1 sections. 
4.3.2.2
Global analysis methods 
The effects of actions may be evaluated by means of elastic global analysis, even when plastic strength is considered, or in any case in the non-linear range of cross-sections. 
Elastic linear analysis can be used to verify serviceability limit states by introducing appropriate corrections for taking into account non-linear effects such as the cracking of concrete, and for verification of the fatigue limit state.
The local instability effects and drag effects from shearing should be taken into account when these significantly influence the analysis. 
4.3.2.2.1
Elastic linear analysis 
In this type of analysis, if relevant, viscosity, cracking, temperature effects, shrinkage and construction phases should also be.
For buildings not very sensitive to second order phenomena and therefore not susceptible to global stability problems, the viscosity in floor beams can be taken into account, replacing the area of the concrete portions, Ac, with equivalent areas reduced because of the coefficient of uniformisation n, i.e. the ratio between the elastic modulus of materials, calculated for short and long terms. When long-term tensions are not predominant, a single coefficient of uniformisation can be adopted, assuming an elastic modulus of the concrete equal to half of the instantaneous modulus of elasticity, both for short- and long-term analysis. Two methods can be used to take into account the cracking of compound beams. 
The first method consists of carrying out an initial “non-cracking analysis,” wherein the uniformised inertia of all the beams is equal to that of the fullreagent section, EJ1. The sections subject to negative bending moment are identified at the conclusion of the analysis; where there are phenomena of cracking, a second “cracking analysis” is carried out. In such analysis, the rigidity EJ1 is assigned to the portions of the beam subject to positive bending moment, while the cracked stiffness obtained by disregarding the tensioned concrete, EJ2, is assigned to the portions of beam subject to negative bending moment. The new distribution of the stiffness and internal stresses is used for verification of serviceability and ultimate limit states. 
The second method, applicable to continuous beams with braced frames in which the spans do not differ by more than 60 %, considers an extension of the cracked zone at the end of each span, characterised by stiffness EJ2, equal to 15 % of the span; the stiffness EJ1 is assigned to all other zones. 
The stiffness of the columns should be assumed equal to the value indicated in § 4.3.5.2 of this standard. 
The effects of temperature should be considered in the calculation, when influential. These effects can usually be disregarded when verifying the ultimate limit state, when structural elements are in class 1 or 2 and when there are flexural-torsional instability risks. 
The bending moment obtained from elastic analysis may be redistributed in such a way as to still satisfy the equilibrium, taking into account the effects of the non-linear behaviour of the materials and all the phenomena of instability. 
For ultimate limit state verification, with the exception of fatigue verifications, the elastic moment can be redistributed when the compound beam is continuous or part of a braced frame and is of constant height, and when there is no risk of instability phenomena. 
In the case of compound beams partially lined with concrete, it should be ensured that the rotational capacity is sufficient to carry out the redistribution, disregarding the contribution of the concrete to compression in the calculation of the reduced normal compressive stress in the redistributed system. 
The reduction of the negative maximum moment should not exceed the percentages indicated in Table 4.3.I. 
Table 4.3.I - Redistribution limits of the negative moment on the supports
	Section class 
	1
	2
	3
	4

	“Non-cracked analysis” 
	40
	30
	20
	10

	“Cracked analysis” 
	25
	15
	10
	0


If structural steel profiles of grade S355 or higher are used, redistribution can only be carried out with sections of class 1 and class 2, and shall not exceed 30 % for “non-cracked analysis” and 15 % for “cracked analysis.” 
4.3.2.2.2
Plastic analysis 
Plastic analysis can be used to carry out verifications at the ultimate limit state when: 
–
all elements are in steel or steel-concrete compounds; 
–
the materials satisfy the requirements indicated in § 4.3.3.1; 
–
the sections are of class 1; 
–
the connections between the structural members have full restoration of plastic strength and are equipped with adequate capacity for rotation or with adequate over-resistance. 
Furthermore, in the zones in which the development of plastic deformations (plastic hinges) is assumed, it is necessary that:
–
steel profiles are symmetrical with respect to the core plane; 
–
the compressed lintel is suitably constrained;
–
the rotational capacity of the plastic hinge is sufficient. 
4.3.2.2.3
Non-linear analysis 
Non-linear analysis should be carried out according to the guidance in § 4.2.3.3. 
Materials should be tailored by considering all their non-linearity, and the behaviour of the shear connection between the elements of the compound beams should be taken into account. 
The influence of deformations on internal stresses should be taken into account when relevant.
4.3.2.3
Effective widths 
The distribution of normal tensions in compound elements should be determined through a model that accounts for the diffusion of stresses in the flanges of the metallic beam and in the concrete slab. 
The effective width, beff, of a concrete slab may be determined through the expression:

beff = b0 + be1 + b e2,
[4.3.2]
where b0 is the distance between the axis of the connectors and bei=min (Le/8, bi) is the value of the composite width from each side of the compound section (see Figure 4.3.1). 
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Figure 4.3.1. - Definition of the effective width beff and of the rate bei
Le indicates the approximate distance between two null points of the moments diagram. In the case of continuous beams with bending determined mainly by evenly distributed loads, the guidance in Figure 4.3.2 can be used.
For end supports the formula becomes:

beff=b0 + β1 be-1 + β2 b e-2,
[4.3.3]
where 
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is Le and beff,i relates to the span of the ends.
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Figure 4.3.2 - Effective width, beff, and equivalent span, Le, for continuous beams
	for beff,o
	for beff,o


4.3.2.4
Effects of deformations 
In general, it is possible to carry out: 
–
first order analysis, imposing equilibrium on the initial configuration of the structure; 
–
second order analysis, imposing equilibrium on the deformed configuration of the structure. 
The effects of the deformed geometry (second order effects) should be considered if they significantly amplify the effects of actions or significantly modify the structural behaviour. First order analysis may be used when the increase of stress due to second order effects is less than 10 %. This condition is deemed to be satisfied if:

αcr ≥10
[4.3.4]
where αcr is the amplified factor of design loads required to create loss phenomena of elastic equilibrium stability. 
For frames, the value αcr can be calculated using the expression valid for steel buildings as set out in § 4.2.3.4. 
4.3.2.5
Effects of imperfections 
In structural analysis, the effects of imperfections should be taken into account, where possible. 
To this end, suitable equivalent geometrical imperfections may be adopted, unless such effects are not implicitly included in the calculation of the resistance of the structural elements. 
The following should be considered in the calculation: 
−
global imperfections for frames or bracing systems; 
−
local imperfections for individual structural elements. 
In the context of global structural analysis, the imperfections of the compound elements subject to compression may be disregarded during the execution of first order analysis. The imperfections of the structural elements can also be disregarded in second order analysis, if:
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[4.3.5]
where 
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 is the normal slenderness of the element, calculated in § 4.3.5.2, Npl,Rk is the compressive resistance characteristic of the element, obtained by considering all the resistances of materials without partial safety coefficients, and NEd is the design axial stress. 
The effects of global imperfections should be taken into account in accordance with that prescribed for steel structures in § 4.2.3.5 of this rule. 
Imperfections, represented by an initial curve of the compound columns and of the compound structural members in general, are already considered in the curves in Table 4.3.III. For floor beams, imperfections are set out in the verification formula with respect to flexural-torsional instability. 
For steel elements, imperfections are already considered in the verification formulas for instability set out in § 4.2.4.1.3 of this standard. 
4.3.3.
DESIGN STRENGTHS 
The design strength of materials fd is defined through the expression: 
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[4.3.6]
where fk is the characteristic strength of the material. 
In particular, in verifications at the ultimate limit states, it is assumed γM is equal to:
γC (concrete) = 1.5;
γA (steel structural work) = 1.05;
γS (reinforced steel) = 1.15;
γV (connections) = 1.25. 
In serviceability limit states, it is assumed γM = 1. 
In exceptional design situations, it is assumed γM = 1. 
The strength characteristics fk are assumed for different materials (steel structural work, corrugated sheets, reinforced steel, concrete, etc.) are defined in Chapter 11 of these standards. In this section, the strength characteristics of structural steel, reinforced bars, corrugated sheets and concrete are indicated with fyk, fsk, fpk and fck respectively. 
4.3.3.1
Materials 
4.3.3.1.1
Steel 
For characteristics of steel (structural, corrugated sheets and reinforced) used in structures composed of steel and concrete, reference should be made to § 11.3 of these standards. 
The general requirements concerning welding, referred to in § 11.3 of these standards, shall apply in full. 
For connector welding procedures and relevant checks, reference should be made to consolidated regulations. 
If peg connectors are used, steel should comply with the requirements referred to in § 11.3.4.7.
4.3.3.1.2
Concrete 
The mechanical characteristics of concrete should be derived from tests carried out in accordance with the guidance of these standards on reinforced, ordinary or pre-stressed concrete structures. 
Within the calculations, neither a strength class of concrete less than C20/25 nor a strength class greater than C60/75 can be considered; for lightweight aggregate concretes, the density of which may not be lower than 1 800 kg/m3, the limit classes are LC20/22 and LC55/60. 
For strength classes of concrete greater than C45/55 and LC 40/44, before the initiation of works, a proper study should be carried out and production should follow specific procedures for quality control. 
If the use of lightweight aggregate concrete is anticipated, account should be taken of the values of the modulus of elasticity and coefficients of viscosity and shrinkage and thermal expansion depending on the properties of the aggregates used; therefore, the values to be used are to be selected on the basis of the properties of the specific material. 
If prefabricated elements are being used, reference should be made to the specific guidance in these standards. 
4.3.4.
BEAMS WITH COMPOSITE SLAB 
4.3.4.1
Section typology 
The sections of compound beams strengthened in steel, in Figure 4.3.3, are classified according to the criteria set out in § 4.2.3.1. 
If the steel beam is lined with concrete, webs can be treated as transversely constrained for the purposes of classification of the section provided that the concrete is armoured, mechanically connected to the steel section and able to prevent the instability of the web and of every part of the compressed lintel in the direction of the web. 
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Figure 4.3.3 - Types of compound sections for beams
4.3.4.2
Section strength 
This paragraph deals with compound sections made with composite profiles and slab. Calculation methods and criteria for determining the strength characteristics of the lined compound beam section can be found in § 6.3 of UNI EN 1994-1-1. 
4.3.4.2.1
Bending strength 
The moment of resistance of the compound section can be obtained by using different methods, similarly to what was indicated for steel buildings.
The width of the composite slab to be used for strength verifications of sections may be determined by referring to the guidance in § 4.3.2.3
The corrugated sheets used for creating composite floors, arranged with the corrugations parallel to the axis of the steel profile, should not be considered in the calculation of the normal compressive stress. 
4.3.4.2.1.1
Elastic method 
The elastic compressive stress is calculated on the basis of an elastic distribution of tensions in the section. The contribution of tensioned concrete should be disregarded. The elastic compressive stress, Mel, is calculated by limiting the deformations to the elastic limit of the material strength: fcd for concrete, fyd for structural steel and fsd for reinforced bars.
4.3.4.2.1.2
Plastic method 
The design plastic moment, Mpl,Rd is estimated by assuming all materials are completely plasticised and compressive tension in the concrete equal to 0.85fcd, and by disregarding the tensile resistance of the concrete.
4.3.4.2.1.3
Elastic-plastic method 
The normal compressive stress of the section is obtained through a non-linear analysis in which material tension-deformation curves are used. Preservation of flat sections is assumed. The method is applicable to sections of any class; it is therefore necessary to take all existing non-linearity, possible phenomena of instability and the grade of shear connection into account. 
4.3.4.2.2
Shear strength 
Vertical shear strength of structural members is entrusted entirely to the metallic beam, the strength of which is calculated according to the formulas set out in § 4.2.4.1.2. 
4.3.4.3
Steel-concrete connection systems 
In compound structures, connection systems are defined as devices adapted to ensure the transmission of sliding forces between steel and concrete. 
For beams, shear and transversly reinforced connectors should be provided over the entire length, capable of transmitting the sliding force between the slab and the steel beam and disregarding the adhesion effect between the two parts. 
This paragraph provides general guidance on connection systems between the metallic beam and the concrete slab, and specific guidance for the calculation of the connection with ductile connectors.
The connection system is defined as ductile if it possesses the sufficient deformative capacity for justifying the assumptions of ideal plastic behaviour in the structure under consideration; connectors may be classified as “ductile” in accordance with what is outlined in § 4.3.4.3.1.
The concept of completely or partially restored connection applies only to beams in which the verification of strength of the critical sections has been carried out using the plastic method. A connection system is defined as completely restored when an increase in the strength of the connection does not produce an increase in the load-bearing capacity of the beam. Otherwise the connection is defined as partially restored.
The connection grade (is understood, therefore, as the ratio between the actual number of existing shear connectors, N, and the number of connectors that ensure the full development of the plastic compressive stress of the compound section, Nf.
When the fully steel sections are ductile or compact (classes 1 and 2 as defined in §§ 4.2.3.1. and 4.3.4.1.) and are designed using the plastic method, a shear connection with partial restoration of strength can be used, only if the ultimate design load is less than that which could be supported by the same element designed with connections with full restoration of strength. 
The different types of connectors can be classified according to the following categories: 
–
shear connections; 
–
stirrup connections; 
–
connections composed of shear and stirrup connectors; 
–
friction connections. 
In this paragraph, methods of calculation are explored for shear connections that employ headed pegs in which the traction acting on the individual shear connector is less than 1/10 of its ultimate strength. 
4.3.4.3.1
Shear connections with pegs 
4.3.4.3.1.1
Layout and limitations 
Peg connectors should be ductile to allow for the adoption of a plastic calculation method of connection and to apply the plastic calculation for the definition of the normal compressive stress of the beam.
This ductility requirement for connections is deemed to be fulfilled if connections have a shear deformative capacity greater than 6 mm, but this value should be validated through appropriate testing or in any event certified by the manufacturer of the pegs. Alternatively, the behaviour of the pegs may be assumed as “ductile” over the entire span of a floor beam if: 
· the pegs have a minimum height after welding equal to 76 mm and a diameter equal to 19 mm;
· the I or H steel section is hot-rolled; 
· when, in the case where corrugated sheets are used for the floor, these are continuous on the beam;
· in every corrugation, a single peg is placed;
· the corrugated sheet satisfies the limitations b0/hp ≥ 2 and hp ≤ 60 mm (see Figures 4.3.4.a and 4.3.4.b);
· the force acting on the slab is calculated by using the method for the calculation of the plastic moment. 
In any case, the connection grade , defined in § 4.3.4.3, should satisfy the following limitations:
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[4.3.7]
where Le indicates the distance, in metres, between the null moment points in the part of the beam subject to the positive moment.
Alternatively, pins can be considered “ductile,” having a height of no less than 4 times their diameter and a diameter between 16 mm and 25 mm, and being welded on an equal lintels profile and having a connection grade that respects the following limitations:
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[4.3.8]
For a more general case, reference should be made to regulations of proven validity.
4.3.4.3.1.2
Connector strength 
The design shear strength of a headed peg, automatically welded with normal welding collar, placed in a solid concrete slab, may be assumed equal to the lesser of the following two values:
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[4.3.9]
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[4.3.10]
where:
γV
is the partial factor defined in § 4.3.3;
ftk
is the characteristic failure strength of the steel of the peg (in the event that ftk ≤ 500 MPa );
fck
is the cylindrical strength characteristic of the slab;
Ecm
is the average value of the secant modulus of elasticity of the slab concrete defined in § 11.2.10.3;
d
is the diameter of the peg, between 16 and 25 mm;
hsc
is the height of the peg after welding; 
α = 0.2 (hsc / d + 1 )
for 3 ≤ hsc / d ≤ 4,
[4.3.11 a]
α = 1.0
for hsc / d > 4.
[4.3.11 b]
For slabs with corrugated sheets, the design strength of the peg connectors, calculated for the solid slab, should be conveniently reduced. For sheets disposed with corrugations parallel to the axis of the profile, the strength of the shear connection is multiplied by the reductive factor:

kl = 0,6 ( b0 ((hsc − hp ) /
[image: image292.wmf]2

p

h

≤ 1,0
[4.3.13]
where hsc is the height of the connector, not greater than hp+75 mm, and hsc , hp and b0 are indicated in Figure 4.3.4(a). 
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Figure 4.3.4(a) - Layout of corrugated sheets with respect to the steel profile
If the corrugations are oriented transversely to the steel profile (Figure 4.3.4(b)), the reductive factor is 

kt = 0.7 ( b0 ((hsc − hp ) /
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[4.3.14]
where nr is the number of pegs placed within each corrugation. The (4.3.14) can only be used if ftkof the connector is less than 450 MPa. The value of kt should always be lower than the values shown in Table 4.3.II; the expression of kt is valid if hp≤85 mm and b0≥hp and with connectors of maximum diameter equal to 20 mm if welding through the sheet and equal to 22 mm if it be a perforated sheet. 
Table 4.3.II - Upper limits of coefficient kt
	Number of pegs per corrugation
	Thickness of sheet
	Connectors with (≤20 mm and welding through the sheet
	Sheets with holes and pegs welded on the profile - pin diameter: 19 or 22 mm

	Nr=1
	≤1.0
	0.85
	0.75

	
	>1.0
	1.00
	0.75

	Nr=2
	≤1.0
	0.70
	0.60

	
	>1.0
	0.80
	0.60
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Figure 4.3.4(b) - Layout of corrugated sheets with respect to the steel profile
4.3.4.3.2
Other types of connectors 
For other types of connectors, such as presses, hooks and loops, and stiff connectors in solid slabs, the shear strength should be evaluated according to regulations of proven validity. 
4.3.4.3.3
Evaluation of shear stress acting on the connection system 
For the purposes of design of the connection, the sliding force per unit length can be calculated by using elastic linear analysis, non-linear analysis or, in the case of ductile connectors, plastic theory. 
In the case of elastic analysis, verifications should be conducted on each individual connector. 
For ductile connections with full restoration, the design maximum total force of sliding, Vld, which should be countered by connectors distributed between critical sections, is determined with plastic equilibrium equations. 
If the elastic theory is being used for transversal sections, the sliding force per unit of length should also be calculated using the elastic theory. The static properties of the cross-section should be identical to those used in the calculation of the normal tensions. 
4.3.4.3.4
Construction details of the shear connection zone 
The reinforcement covering above the connectors to the peg should be at least 20 mm. The thickness of the plate to which the connector is welded should be sufficient for the execution of the welding and for an effective transmission of shearing actions. The minimum distance between the connector and the edge of the lintel that is connected should be at least 20 mm. 
The overall height of the peg after the welding should be at least 3 times the diameter of the shank of the peg, d. The head of the peg should have a diameter of at least 1.5 d and a thickness equal to at least 0.4 d. When the shear connectors are subject to actions that induce fatigue stresses, the diameter of the peg should not exceed 1.5 times the thickness of the plate to which it is connected. When the peg connectors are welded on the flange, corresponding to the web of the steel profile, their diameter should not be more than 2.5 times the thickness of the flange. 
When the connectors are used with corrugated sheets for the implementation of floors in buildings, the nominal height of the connector should protrude no less than 2 times the diameter of the shank above the corrugated sheet. The minimum width of corrugation that can be used in buildings is 50 mm. 
4.3.4.3.5
Transversal reinforcement 
The transversal reinforcement of the slab should be designed so as to prevent premature failure of longitudinal sliding or cracking at critical sections of the concrete slab due to high shear stresses created by the connectors. The reinforcement should be sized in such a way as to absorb the sliding tensions acting on “critical” surfaces of potential failure , a-a, b-b, c-c, d-d, exemplified in Figure 4.3.5. 
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Figure 4.3.5 - Typical surfaces of shear collapse in the concrete lintels
The shear stress acting along critical surfaces should be determined in a manner consistent with the calculation assumptions for the determination of the strength of the connection. 
The area of transversal reinforcement in a solid slab should not be less than 0.002 times the area of the concrete, and should be distributed evenly. In slabs with corrugated sheets with stiffeners parallel or perpendicular to the axis of the beam, the area of the transversal reinforcement should not be less than 0.002 times the area of the concrete of the slab located above the extrados of the corrugated sheet, and should be evenly distributed. 
4.3.4.4
Operational arrangements 
The operational arrangements should conform with regulations of proven validity. 
4.3.4.5
Minimum thickness 
For steel elements of the compound structure, the rules laid down in § 4.2.9.1. of these standards apply. 
In beams consisting of metallic sections and slab in reinforced concrete, the thickness of the composite slab should not be less than 50 mm, and the thickness of the lintel of the steel beam that the slab is connected to should not be less than 5 mm. 
4.3.5.
COMPOUND COLUMNS 
4.3.5.1
General information and typology 
Compound columns affected by centred compression, compressive-flexural and shearing, constituted by the union of metallic profiles and metallic and concrete reinforcements are considered to be: 
(a) sections completely lined with concrete; 
(b) sections partially lined with concrete; 
(c) rectangular boxed sections filled with concrete; 
(d) circular hollow sections filled with concrete. 
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Figure 4.3.6 - Types of sections for compound columns dealt with in this paragraph.
In general, it is possible to conceive of any type of cross-section in which steel and concrete elements are assembled in such a way as to achieve any kind of shape. The design and verifications of these structural elements should be carried out using reliable numerical procedures that take into account the non-linearity of materials and the connection systems, the phenomena of shrinkage and viscosity and non-linearity due to imperfections. 
In the following, guidance is provided for verifying the most common compound columns (see Figure 4.3.6) that comply with the following requirements: 
1. the section is symmetrically double; 
2. the section is constant along the height of the column; 
3. the mechanical contribution of the steel profile (, defined in § 4.3.5.2, is between 0.2 and 0.9; 
4. the normal slenderness 
[image: image298.wmf]l

, defined in § 4.3.5.2, is inferior to 2.0; 
5. for entirely lined sections (see Figure 4.3.6), the maximum reinforcement coverings that can be considered in the calculations are cy=0.4 ( b and cz=0.3 ( h; 
6. the ratio between the height hc and the width bc of the section should be 0.2 ≤ hc / bc ≤ 5.0;
7. longitudinal reinforcement used in the calculation should not be more than 6 % of the concrete section.
In the verification criteria, furthermore, a distinction should be made between cases in which stresses are entrusted entirely to the compound structure and cases in which the building is made by first constructing the steel part and then supplementing it with concrete. 
4.3.5.2
Flexural stiffness, slenderness and mechanical contribution of the steel 
The mechanical contribution of the steel profile is defined by the formula: 
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[4.3.15]
where Aa indicates the steel profile area and Npl,Rd is the plastic design resistance with normal stress of the compound section, defined in § 4.3.5.3.1. 
The effective flexural stiffness of the compound section, EJeff to be used for the definition of the eulerian critical load is provided by the formula:
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where ke is a corrective factor equal to 0.6, while Ja, Js and Jc are respective moments of inertia of the steel profile, the reinforcement bars and the concrete and Ec,eff is the effective modulus of elasticity of the concrete obtained by accounting for the effects of viscosity on the basis of the relationship:
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where
Ecm is the instantaneous modulus of elasticity of the concrete
( is the coefficient of viscosity defined in § 11.2.10.7
NEd is the maximum design axial action
NG,Ed is the rate of axial action due to permanent actions
The normal slenderness of the column is defined as:


[image: image302.wmf]cr

Rk

,

pl

N

N

=

l


[4.3.18]
where Ncr is the eulerian critical load defined on the basis of the effective flexural stiffness of the compound column Npl,Rk is the compressive resistance characteristic value provided by:
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In the stress calculation at the ultimate limit state, the flexural stiffness should be determined on the basis of the following relationship by taking account of the second order effects: 


[image: image304.wmf])

J

E

k

J

E

J

E

(

k

)

EJ

(

c

cm

II

,

e

s

s

a

a

0

II

,

eff

×

+

+

×

=
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where k0 is 0.9 and ke,II is assumed equal to 0.5. 
When a column is particularly slender, or when the building requires particular levels of safety, it is necessary to also consider long-term phenomena. 
4.3.5.3
Section strength 
4.3.5.3.1
Section strength for normal tensions
The plastic design strength of the compound section with normal stress may be evaluated according to the formula 
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where Aa, Ac, As are, , respectively, the areas of the steel profile, the concrete part and the reinforcement bars. If filled sections are adopted (Figure 4.3.6.c, d) it is possible to replace the coefficient 0.85 with the coefficient 1.0, (Figure 4.3.6.c). In filled compound columns made with hollow section profiles of circular shape (Figure 4.3.6 d), in the calculation of plastic strength with normal stress, account should be taken of the effects produced by the confinement that the steel tube exerts on the concrete. In particular, it is possible to refer to various models of confinement present in legislation and in technical/scientific documentation of proven validity. In the absence of more precise analysis and for structural elements of the type shown in Figure 4.3.7, the following confinement model can be used.
The plastic design strength of the circular column filled with concrete, taking into account the confinement, assumes the following form:
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where t is the thickness of the steel tube and f is the external diameter of the column. This formula is valid when 
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Figure 4.3.7- Cross-section for circular compound column filled with concrete in which the confinement of concrete can be considered
The design normal compressive stress of the compound column MRd in accordance with the normal acting force NEd is obtained from the interaction domain M-N, which defines the resistance of the cross-section.
To define this interaction domain N-M, the methods present in the regulations and technical documentation of proven validity can be used, or special procedures and numerical methods based on the integration of the constituent tensional-deformation connections of steel and concrete in the compound section can be used.
It is possible, if the compound section types presented in Figure 4.3.6 are used and the requirements set out in § 4.3.5.1 are respected, to use a simplified method for the definition of the interaction domain N-M (see Figure 4.3.8).
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Figure 4.3.8 - Simplified method for the definition of the interaction domain N-M for compound columns
In this, method the stress-block model is assumed for concrete, which disregards the tensile strength of the conglomerate and adopts a plastic calculation method in which the reinforcement bars, as well as the steel profile, are assumed to be completely worn out. The domain is not fully accounted for, but approximated along a polygonal line passing through four points: A, B, C and D. 
Points A and B correspond, respectively, to the stresses of the centred normal force and pure bending.
Points C and D are obtained by attaching the normal stress to the value Npm,Rd and 0.5 Npm,Rd, where Npm,Rd is the design resistance normal stress of the concrete portion only, of the compound section:
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where Ac is the total area of concrete of the compound section.
From the resistant interaction, the plastic design compressive stress is obtained, associated with the normal force NEd of the combination of calculations as:
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where Mpl,Rd is the plastic design resistance moment and d is a coefficient of uniaxial compressive-flexural design.
In the event in which the column is subjected to deviated compressive-flexural stresses, verification of the compound column is carried out by calculating the design coefficients dy and dz independently for the two flexural planes of the column, according to the method presented in Figure 4.3.8, and checking that:
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where Mpl,y,Rd and Mpl,z,Rd are the plastic resistance moments with respect to the two flexural planes, while My,Ed and Mz,Ed are the stress moments arising from structural analysis, increased to take into account the second order phenomena as set forth in § 4.3.5.4.3 or calculated according to a calculation scheme wherein the imperfections of the element have been considered by using suitable imperfection factors. The coefficients (M,y and (M,z are those set out in § 4.3.5.4.3.
4.3.5.3.2
Shear resistance of the section 
The shear design stress VEd acting on the section should be distributed between the steel portion and the concrete portion so as to be less than or equal to the resistance of each of the two parts of the section. In the absence of more accurate analysis, the shear can be subdivided using the following formula:
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where 
Mpl,Rd is the design resistance moment of the compound section, while Mpl,a,Rd is the design resistance moment of the steel-only section. Generally, the shear design stress on the steel part, Va,Ed, should not exceed 50 % of the shear design resistance of the steel-only section, Va,Rd (§ 4.2.4.1.2), in order to be able to thus disregard the influence on the determination of the N-M interaction curve. Otherwise, the interaction on the basis of the guidance in § 4.2.4.1.2. should be taken into account.
For the sake of simplicity, it is possible to proceed by assigning all the shearing action VEd to the steel-only part. 
4.3.5.4
Stability of structural members 
4.3.5.4.1
Compressed columns 
The design resistance to the instability of the compound column is provided by the formula: 
	[image: image320.png]Nira =% Nyira




	[4.3.29]


where Npl,Rd is the resistance defined in § 4.3.5.3.1 and χ is the reductive coefficient that takes account of the phenomena of instability, defined in accordance with the normal slenderness of the element 
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 with the formula:
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where 
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 and α is the imperfection factor, obtained from Table 4.3.III. 
Table 4.3.III - Instability curve and imperfection factors 
	Section type
	Inflection around the axis
	Stability curve
	Imperfection 
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(a)
	y-y
	b
	L/200

	
	z-z
	c
	L/150
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(b)
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	b
	L/200
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	L/150
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	a
((s<3 %)
	L/300

	
	
	b
(3 %<(s<6 %)
	L/200

	
	
	(s=As/Ac 
(As reinforcement area, Ac concrete area)
	

	Stability curve
	a
	b
	C

	Imperfection factor (
	0.21
	0.34
	0.49


4.3.5.4.2
Local instability 
The local instability phenomena may be disregarded in the column calculations if they meet the following inequality: 
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	for filled circular hollow columns;
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	for filled rectangular hollow columns;
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	for partially lined sections;
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	for completely lined sections;
	[4.3.34]


where b and tf are the width and the thickness of the flanges of the I or H profile respectively; on the contrary, d and t are the diameter and the thickness of the hollow profile sections; c is the external reinforcement covering of the entirely lined section. 
4.3.5.4.3
Column buckling 
Compressive-flexural verification of the compound column is conducted by checking that:

MEd≤αM (Mpl,Rd(NEd)
[4.3.35]
where MEd is associated with the normal stress, and NEd is the maximum value of the bending moment in the column, calculated by considering, if relevant, the straightness defects of the column (see Table 4.3. III), and the second order effects and Mpl,Rd(NEd) is the available design resistance moment, based on NEd. 
The coefficient αM is assumed to be equal to 0.9 for steels included between classes S235 and S355, while for those of S420 and S460 it shall be taken to be 0.8. 
Second order effects of the phenomena can be taken into account by increasing the moments obtained from elastic analysis through the amplified coefficient:
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[4.3.36]
in which Ncr is the eulerian load and β is a coefficient that depends on the distribution of the bending moment along the axis of the element.
The coefficient β is assumed as equal to 1 when the variation of the bending moment is parabolic or triangular with null values at the ends of the column, and it is provided by:
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[4.3.37]
when the variation is linear, Mmax and Mmin are the moments at the ends of the column, agreed if the fibres placed on the same part of the element are tensioning (if M is constant Mmax=Mmin and β=1.1). 
4.3.5.5
Transfer of stresses between steel and concrete components 
The length of the transfer of stresses between steel and concrete should not exceed twice the smaller dimension of the cross-section, or if less, one third of the height of the column. 
If, in the transfer of stresses, reliance is placed on resistance due to adherence and friction, the precise value of the tangential tension can be calculated by means of a non-cracked ongoing elastic analysis. The precise maximum value should not exceed the tangential tensions adhesion limit provided in the next paragraph. 
If a mechanical connection is provided by using ductile connectors set out in § 4.3.4.3.1, a plastic range evaluation of transferred stresses can be carried out by spreading the stresses evenly across connectors. 
In the compound partially lined sections with double-T metallic profiles, the concrete between the flanges should be connected to the web by means of connectors by identifying a clear transfer mechanism between the concrete and the web if there is bending along the weak axis; moreover, if the shear resistance is not attributed to the steel-only profile, the stirrups required to attain the shear resistance of the reinforced concrete part should be passed through or be welded to the web. 
4.3.5.5.1
Resistance to sliding between components 
Resistance to sliding between steel and concrete profiles is a result of tensions of adhesion and friction at the steel-concrete interface as well as at the mechanical connection; resistance should be such as to avoid significant slipping that may affect calculation models under consideration. 
Within the scope of the verification method at the limit state, a tangential design tension can be assumed, due to adherence and friction, up to the following limits: 
–
0.30 MPa,
for completely lined sections; 
–
0.55 MPa,
for circular sections filled with concrete; 
–
0.40 MPa,
for rectangular sections filled with concrete; 
–
0.20 MPa,
for flanges of partially lined sections; 
–
0 (zero),
for webs of partially lined sections. 
If these limits are exceeded, the entire stress should be entrusted to mechanical connections. The mechanical connection between the double-T steel profile and the concrete may be implemented through brackets welded to or passed through the web of the profile; another connection mechanism can be implemented with shear pegs. In any case, it is essential to define a connection system from the clear mechanical operation for the transfer of stresses. 
If there are peg connectors on the web of double-T or similar steel sections, the flanges limit the lateral expansion of the concrete by increasing the resistance of the pegs to sliding. This additional resistance can be assumed equal to µPRd/2 (see Figure 4.3.9) on each flange for each row of pegs where PRd is the design resistance of the individual connector. It can be assumed that µ =0.5. These mechanical resistance values are considered valid if the distance between the flanges respects the limitations (see Figure 4.3.9): 
–
300 mm,
if there is one connector per row; 
–
400 mm,
if there are two connectors per row; 
–
600 mm,
if there are three or more connectors per row. 
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Figure 4.3.9 - Layout of pegs for steel-concrete mechanical connection
4.3.5.6
Reinforcement covering and minimum armature 
The following limitations should be respected: 
–
the reinforcement covering of the flange of the completely lined columns should be no less than 40 mm and no less than 1/6 of the width of the flange; 
–
the reinforcement covering should be in agreement with the relevant layouts of the ordinary reinforced concrete structures. 
The reinforcements should be implemented by respecting the following limitations: 
–
the longitudinal reinforcement, in the event that it is considered in the calculation, should not be less than 0.3 % of the concrete section; 
–
the transversal reinforcement should be designed following the rules of ordinary reinforced concrete structures; 
–
the distance between the bars and the profile may be less than that between the bars or may be nothing at all; in either case the effective perimeter for steel-concrete adhesion should be reduced to half or to one quarter, respectively (Figure 4.3.10);
–
the electro-welded wire mesh may be used as stirrups in the lined columns but may not replace the longitudinal reinforcement. 
In the sections filled with concrete, reinforcement is generally not required.
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Figure 4.3.10 - Effective perimeter of the reinforcement bars.
4.3.6.
COMPOUND SLABS WITH CORRUGATED SHEET 
A concrete slab cast on a corrugated sheet is defined as compound, wherein the sheet, after hardening of the concrete, assists with the overall strength, entirely or in part, forming the lower reinforcement. 
The transmission of sliding forces at the interface between the sheet and concrete cannot be entrusted solely to adhesion; consequently, specific systems should be adopted, such as: 
–
mechanical engagement provided by the deformation of the metallic profile or engagement by friction in the case of profiles grooved with indented forms, (a) and (b), Figure 4.3.11; 
–
end anchorages constituted by welded pegs or other types of connectors, provided that they are combined with engagement systems (c), Figure 4.3.11; 
–
end anchorages obtained with sheet deformation, provided that they are combined with friction engagement systems, (d) Figure 4.3.11. 
In any case it is necessary to verify the effectiveness and safety of the connection between corrugated sheets and concrete. 
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Figure 4.3.11 - Typical connection forms for engagement of compound slabs
4.3.6.1
Analysis for the calculation of stresses 
In the event that slabs are counted as continuous beams, the following analysis methods can be used, having already been presented in § 4.3.2.2: 
(a)
linear analysis with or without redistribution; 
(b)
global plastic analysis, provided that, where there is a need for plastic rotation, the sections have sufficient rotational capacity; 
(c)
elastic-plastic analysis that takes account of the non-linear behaviour of materials. 
Linear analysis methods are suitable for ultimate limit states and for serviceability limit states. Plastic methods should only be used for the ultimate limit state. 
Plastic analysis can be used, for the ultimate limit state, without any direct verification of the rotational capacity if reinforced steel B450C (referred to in § 11.3.2.1) is used and if the spans are less than 3 m. 
If, in the analysis, the effects of cracking of the concrete are disregarded, negative bending moments corresponding with the internal supports may be reduced as far as 30 % by considering the corresponding increase of the positive bending moments in the adjacent span. 
A continuous slab may be designated as a series of simply resting spans; corresponding with intermediate supports, it is recommended to have reinforcements in accordance with the guidance in subsequent § 4.3.6.3.1. 
4.3.6.1.1
Effective width for concentrated or linear forces 
Concentrated forces or forces applied along a line parallel to the stiffeners of the sheet may be considered to be spread over a width bm by operating a diffusion at 45° up to the upper edge of the sheet (see Figure 4.3.12, according to the formula: 

bm = bp + 2 (hc + hf )
[4.3.38]
where: 
bp is the width on which the load acts, 
hc is the thickness of the slab above the crest and hf is the thickness of the finishes. For linear loads spread out transversely to the axis of the corrugated sheet, the same formula can be used, where bp is the extension of the load line. Different effective widths can be assumed as bm in the presence of different reinforcement details in the slab as well as indicated in other technical references referred to in Chapter 12.
[image: image336.jpg]finitura |._‘1

armatura





Figure 4.3.12 - Concentrated load diffusion
4.3.6.2
Resistance verification at the ultimate limit state 
The following checks will normally be considered: 
–
bending resistance; 
–
resistance to sliding; 
–
punching and shear resistance. 
For the purposes of checking sliding, the longitudinal design shear resistance τu,Rd , typical of the corrugated sheet provided,should be known, determined in accordance with the criteria set out in Chapter 11 of these standards. 
The resistance of a compound slab to shear-punching stresses is normally evaluated on the basis of adequate experimentation conducted in such a way as to reproduce the actual conditions of the contact surface between the sheets and the concrete cast found on the building site. 
If only the corrugated sheet is considered as effective, by attributing the means of combating local buckling exclusively to the concrete, the resistance can be verified in accordance with regulations of proven validity regarding thin profiles of cold-formed steel. 
4.3.6.3
Ultimate limit states verification 
4.3.6.3.1
Cracking verification 
The width of concrete cracks in the regions of negative continuous slab moments should be calculated in accordance with § 4.1.2.2.4. 
If the continuous slabs are designated as simply resting in accordance with the previous § 4.3.6.1, the cross-section of the controlling reinforcement of the cracks should not be less than 0.2 % of the area of the cross-section of the concrete placed above the stiffeners in buildings not supported during casting, and 0.4 % of the cross-sectional area of the concrete placed above the crests for buildings supported during casting. 
4.3.6.3.2
Deformation verification 
The sliding effect of the ends may be disregarded if in the trial results the load that causes a shift of 0.5 mm is greater than 1.2 times the load of the property material variation under consideration, or if the tangential tension of sliding at the interface is less than 30 % of the maximum tension of adhesion τu,Rd. 
The calculation of deflections may be omitted if the relationship between the spans and height does not exceed the limits specified in the previous § 4.1, relative to reinforced concrete structures, and if the effect of the sliding of the ends is disregarded. 
4.3.6.4
Verifications of the corrugated sheet in the casting phase 
4.3.6.4.1
Verification of resistance 
Verification of the corrugated sheet should be carried out in accordance with the guidance in UNI EN 1993-1-3, regarding thin profiles of cold-formed steel. The effects of indentations or surface irregularities should be appropriately taken into consideration in the evaluation of resistance. 
4.3.6.4.2
Verification of serviceability limit states 
The bending of the sheet under its own weight and under the weight of fresh concrete, excluding construction loads, should not be greater than L/180 or 20 mm, where L is the actual span between two definitive or provisional supports. 
Such limits may be increased should greater deflections not validate the resistance or working order of the floor and the additional weight owing to accumulation of concrete is considered in the design of the floor and the support structure. Should deflection of the extrados lead to problems linked to functionality requirements of the structure, the deformation limits should be reduced. 
4.3.6.5
Construction details 
4.3.6.5.1
Minimum thickness of corrugated sheets 
The thickness of corrugated sheets used in compound slabs should not be less than 0.8 mm. The thickness of the sheet can be reduced to 0.7 mm when, in the construction phase, suitable measures are studied to allow for the safe transit of working materials and personnel. 
4.3.6.5.2
Thickness of the slab 
The overall height h of the compound floor should not be less than 80 mm. The thickness of the concrete hc above the extrados of the stiffeners of the sheet should not be less than 40 mm. 
If the slab together with the beam creates a compound structural member, or is used as a horizontal baffle, the overall height should not be less than 90 mm and hc should not be less than 50 mm. 
4.3.6.5.3
Aggregates 
The nominal dimension of the aggregate depends on the smaller dimension of the structural element in which the concrete is cast. 
4.3.6.5.4
Supports 
Compound slabs supported by elements of steel or concrete should have a minimum support width of 75 mm, with an edge support dimension of the corrugated sheet of at least 50 mm. 
For compound slabs supported by elements of different materials, these values should be increased respectively to 100 mm and 70 mm. 
For overhung or continuous sheets that are placed on elements of steel or concrete, the minimum support should be 75 mm, and for elements in other materials, 100 mm. 
The minimum values of support widths shown above may be reduced in the presence of appropriate design specifications around tolerances, loads, spans, support height and continuity requirements for reinforcements. 
4.3.7.
VERIFICATION FOR TRANSITIONAL SITUATIONS 
For transitional constructive situations, such as those that occur during the construction phases, construction technologies and work programmes should be adopted that cannot cause permanent damage to the structure or to structural elements and that in any case cannot negatively affect the safety of the construction. 
The extent of environmental actions to be taken into account shall be determined in relation to the duration of the transitional situation and the operational technology. 
4.3.8.
VERIFICATION FOR EXCEPTIONAL SITUATIONS 
For exceptional design situations, plans should demonstrate the robustness of the building through damage scenario procedures for which the partial factors γM of the materials may be assumed as equal to the specific values for concrete in § 4.1.4 and for steel in § 4.2.6. 
4.3.9.
RESISTANCE TO FIRE 
Verifications of fire resistance may be carried out with reference to UNI EN 1994-1-2, using the coefficients γM (see § 4.3.8) relating to exceptional circumstances. 
4.3.10.
PLANNING COMPLEMENTED BY TESTS AND VERIFICATION THROUGH TESTING
Strength and structure functionality and structural elements can be measured through testing of samples of adequate size. 
The results of tests carried out on appropriate samples should be dealt with through methods of statistical analysis to obtain significant parameters such as average, standard deviation and asymmetrical factors of distribution in order to adequately characterise a probabilistic descriptor model of the quantity investigated (random variables). 
More detailed guidance on these matters and comprehensive operational methods for integrated planning by testing can be found in Appendix D to UNI EN 1990:2006.
4.4.
TIMBER CONSTRUCTIONS
Constructions consisting of load-bearing structures made with elements of structural wood or with structural wood-based products are the subjects of these standards. 
Materials and products should meet the requirements indicated in § 11.7.
All wood for structural uses should be classified according to its strength before it is commissioned.
This standard can also be used for verification of existing wooden structures as long as a correct evaluation of the characteristics of the wood is provided and, in particular, any defective states.
4.4.1.
SAFETY ASSESSMENT 
Safety evaluation should be carried out in accordance with the fundamental principles illustrated in Chapter 2. 
Safety evaluation should be carried out according to the limit states method. 
The requirements for strength, stiffness, functionality, durability and robustness are guaranteed by verifying the ultimate limit states and serviceability limit states of the structure as well as individual structural components and connections. 
4.4.2.
STRUCTURAL ANALYSIS 
The analysis of the structure may be carried out by assuming a linear elastic behaviour of materials and connections, considering relevant values (average or characteristic) of the modulus of elasticity of materials and of the stiffness of coupling in accordance with the limit state and type of verification in question. 
Calculations should be carried out using appropriate schematisations, and if necessary, be supported by tests. The scheme adopted should be sufficiently accurate to simulate the structural behaviour of the building with reasonable accuracy including in relation to the anticipated construction methods. 
In the overall analysis of the structure and of the bracing systems and in the calculation of the structural members, the geometrical and structural imperfections should be taken into account. 
To this end, equivalent appropriate geometrical imperfections may be adopted, the value of which may be found in regulations of proven validity. 
For those structural typologies capable of redistributing internal actions, thanks also to the presence of joints of adequate ductility, non-linear methods of analysis can be used. 
In the presence of mechanical joints, the influence of the deformability of the same should normally be considered. 
For all structures, in particular for those composed of parts with different rheological behaviour, verifications for ultimate and serviceability limit states should be carried out with reference made, in addition to the initial conditions, to the final conditions (infinite time). 
4.4.3.
ACTIONS AND THEIR COMBINATIONS 
Characteristic actions should be defined in accordance with Chapters 2 and 3 of these standards. 
For civil or industrial buildings for which there are no specific regulations, the design actions should be determined as indicated in Chapter 2.
4.4.4.
CLASSES OF LOAD DURATION 
Design actions should be assigned to one of the load duration classes listed in Table 4.4.I.
Table 4.4.I - Load duration classes 
	Load duration class
	Load duration

	Permanent
	more than 10 years

	Long-term
	6 months - 10 years

	Medium term
	1 week - 6 months

	Short term
	less than 1 week

	Instantaneous
	--


Load duration classes refer to a constant load active for a certain period of time within the life of the structure. For a variable action, the appropriate class should be determined in accordance with the interaction between the temporal variation typical of the load over time and the rheological properties of the materials. 
For the purposes of calculation in general, we can assume the following: 
–
own weight and loads that are non-removable during normal operation of the structure belong to the class of permanent duration; 
–
permanent loads subject to changes during normal operation of the structure and variable loads related to warehouses and depots belong to the class of long duration; 
–
variable loads of buildings, with the exception of those relating to warehouses and depots, belong to the class of medium duration; 
–
overload from snow related to the ground qsk, calculated on a specific site at a certain altitude, is attributable to a load duration class to be considered in accordance with the characteristics of the site for referenced altitudes as below 1 000 m, while it is to be considered to be at least of medium duration for altitudes asgreater than or equal to 1 000 m;
–
the action of average wind belongs to the class of short duration;
–
the action of a surge of wind and exceptional actions in general belongs to the class of instant duration;
4.4.5.
SERVICE CLASSES 
Structures (or parts thereof) should be assigned to one of the three service classes listed in Table 4.4.II. 
The service class system aims to define the dependency of the design strength, elasticity of wood and wood materials on environmental conditions.
Table 4.4.II - Service classes 
	Service class 1 
	Is characterised by a humidity of the material in equilibrium with the environment at a temperature of 20 °C and a relative humidity of the surrounding air that exceeds 65 % only for a few weeks per year. 

	Service class 2 
	Is characterised by a humidity of the material in equilibrium with the environment at a temperature of 20 °C and a relative humidity of the surrounding air that exceeds 85 % only for a few weeks per year. 

	Service class 3 
	Is characterised by a humidity higher than that of service class 2. 


4.4.6.
DESIGN STRENGTH 
The duration of the load and the moisture content of the wood affect the strength properties of the wood. 
The design values for the properties of the material from the characteristic values are therefore assigned with joint reference to the service classes and the load duration classes. 
The design value Xd of a material property (or of the strength of a connection) is calculated through the relationship: 
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[4.4.1] 
where: 
Xk
is the characteristic value of the property of the material, as specified in § 11.7, or the strength of the connection. The characteristic value Xk may also be determined through experimental trials on the basis of tests conducted in conditions laid down by applicable European standards, as set out in paragraph 11.7; 
(M
is the partial safety coefficient related to the material the values of which are set out in Table 4.4.III; 
kmod
is a corrective coefficient that accounts for the effect on strength parameters of the load duration and the humidity of the structure. The values of kmod are provided in Table 4.4.IV.
If a load combination is comprised of actions belonging to different load duration classes, a value of kmod will need to be chosen that corresponds to the action of shortest duration. 
The coefficient γ M is evaluated according to column A of Table 4.4.III. The values set out in column B of the same table can be assumed, for the continuous production of elements or structures subject to continuing control of material that shows a coefficient of variation (ratio between square metre and mean value) of strength not greater than 15 %. Said productions should be included in a quality system as set out in § 11.7.
Table 4.4.III - Partial coefficients γM for material properties 
	Ultimate limit states
	Column A
(M
	Column B
(M

	basic combinations
	
	

	solid wood 
	1.50
	1.45

	glued laminated timber
	1.45
	1.35

	table panels glued to crossed layers 
	1.45
	1.35

	 particle board or fibreboard 
	1.50
	1.40

	LVL, plywood, oriented flake panels 
	1.40
	1.30

	coupling 
	1.50
	1.40

	exceptional combinations 
	1.00
	1.00

	
	For materials not included in the table, reference can be made to the relevant values set out in the technical references of proven validity, indicated in Chapter 12, regarding the safety levels of these standards.


4.4.7.
SERVICEABILITY LIMIT STATES 
The deformation of a structure, due to the effects of actions applied, coercion states, variations in humidity and of slippages in coupling should be contained within acceptable limits in terms of damage that can be caused to coating materials, floors, partitions and, more generally, to finishes, both in relation to aesthetic requirements and to the functionality of the construction. 
In general, in the evaluation of the deformation of structures, the deformability of connections should be taken into account. 
In considering the particular rheological behaviour of wood and wood-based materials, both instantaneous and long-term deformation should be evaluated. 
Instantaneous deformation is calculated by using average values of elasticity for structural members and the instantaneous value of the modulus of connection sliding. 
Table 4.4.IV -Values of kmod for wood and wood-based structural products 
	Material
	Reference
	Service class
	Load duration class

	
	
	
	Permanent
	Long
	Medium
	Short
	Instantaneous

	Solid wood
Glued laminated timber (*)
LVL
	UNI EN 14081-1
UNI EN 14080
UNI EN 14374, UNI EN 14279
	1
	0.60
	0.70
	0.80
	0.90
	1.10

	
	
	2
	0.60
	0.70
	0.80
	0.90
	1.10

	
	
	3
	0.50
	0.55
	0.65
	0.70
	0.90

	Plywood
	UNI EN 636:2015
	
	1
	0.60
	0.70
	0.80
	0.90
	1.10

	
	
	
	2
	0.60
	0.70
	0.80
	0.90
	1.10

	
	
	
	3
	0.50
	0.55
	0.65
	0.70
	0.90

	Oriented strand board (OSB) 
	UNI EN 300:2006
	OSB/2 
	1
	0.30
	0.45
	0.65
	0.85
	1.10

	
	
	OSB/3 – OSB/4
	1
	0.40
	0.50
	0.70
	0.90
	1.10

	
	
	
	2
	0.30
	0.40
	0.55
	0.70
	0.90

	Particle board panel 
(chipboard) 
	UNI EN 312 :2010
	Parts 4, 5 
	1
	0.30
	0.45
	0.65
	0.85
	1.10

	
	
	Part 5 
	2
	0.20
	0.30
	0.45
	0.60
	0.80

	
	
	Parts 6, 7 
	1
	0.40
	0.50
	0.70
	0.90
	1.10

	
	
	Part 7 
	2
	0.30
	0.40
	0.55
	0.70
	0.90

	Fibreboard, hard panels 
	UNI EN 622-2:2005
	HB.LA, HB.HLA 1 or 2
	1
	0.30
	0.45
	0.65
	0.85
	1.10

	
	
	HB.HLA 1 or 2
	2
	0.20
	0.30
	0.45
	0.60
	0.80

	Fibreboard, semi-hard panels
	UNI EN 622-3:2005
	MBH.LA 1 or 2
	1
	0.20
	0.40
	0.60
	0.80
	1.10

	
	
	MBH.HLS1 or 2
	1
	0.20
	0.40
	0.60
	0.80
	1.10

	
	
	
	2
	-
	-
	-
	0.45
	0.80

	Medium-density fibreboard, obtained by drying (MDF)
	UNI EN 622-5:2010
	MDF.LA, MDF.HLS
	1
	0.20
	0.40
	0.60
	0.80
	1.10

	
	
	MDF.HLS
	2
	-
	-
	-
	0.45
	0.80

	For materials not included in the table, reference can be made to the relevant values set out in the technical references of proven validity, indicated in Chapter 12, regarding the safety levels of these standards.
(*) Values indicated may also be adopted for panels of tables glued to crossed layers, but limited to service classes 1 and 2. 


Long-term deformation may be calculated by using average values of elasticity suitably reduced by a factor of 1/(1+ kdef) for structural members, and by using a reduced value in the same way for the modulus of connection sliding.
The coefficient kdef takes account of the increase in deformability over time caused by the combined effect of viscosityand variations ub the humidity of materials. T values of kdef are set out in Table 4.4.V. 
The net deflection (value of the movement perpendicular to the axis of the element) of an inflected element is provided by the sum of the deflection caused only by permanent loads and the deflection caused only by variable loads, minus any counter-deflection (if present).
In cases where it is appropriate to limit the instant deflection caused only by variable loads in a rare load combination, in the absence of more precise guidance, it is recommended that the deflection be less than L /300, where L is the element span or, in the case of brackets, double the value of the overhang.
In cases where it is appropriate to limit the final deflection, in the absence of more precise guidance, it is recommended that the deflection be less than L /200, where L is the element span or, in the case of brackets, double the value of the overhang.
For calculation of the final deflection, it is useful to make reference to documents of proven validity referred to in Chapter 12.
The limits indicated for deflection only constitute minimum indicative requirements. Stricter limitations may prove necessary in special cases, for example in relation to load-bearing elements that do not form part of the structure. In general, in the case of floors, it is recommended to verify the compatibility of the deformation with the intended use.
Table 4.4.V -Values of kdef for wood and wood-based structural products 
	Material
	Reference
	Service class

	
	
	1
	2
	3

	Solid wood
	UNI EN 14081-1 
	0.60
	0.80
	2.00

	Glued laminated timber * 
	UNI EN 14080 
	0.60
	0.80
	2.00

	LVL
	UNI EN 14374, UNI EN 14279
	0.60
	0.80
	2.00

	Plywood 
	UNI EN 636:2015
	
	0.80
	-
	-

	
	
	
	0.80
	1.00
	-

	
	
	
	0.80
	1.00
	2.50

	Oriented strand boards (OSB) 
	UNI EN 300:2006
	OSB/2 
	2.25
	-
	-

	
	
	OSB/3 OSB/4 
	1.50
	2.25
	-

	Particle board panel (chipboard) 
	UNI EN 312:2010
	Part 4 
	2.25
	-
	-

	
	
	Part 5 
	2.25
	3.00
	-

	
	
	Part 6 
	1.50
	-
	-

	
	
	Part 7 
	1.50
	2.25
	-

	Fibreboard, hard panels
	UNI EN 622-2:2005
	HB.LA
	2.25
	-
	-

	
	
	HB.HLA1, HB.HLA2 
	2.25
	3.00
	-

	Fibreboard, semi-hard panels
	UNI EN 622-3:2005
	MBH.LA1, MBH.LA2 
	3.00
	-
	-

	
	
	MBH.HLS1, MBH.HLS2 
	3.00
	4.00
	-

	Medium-density fibreboard, obtained by drying (MDF)
	UNI EN 622-5:2010
	MDF.LA
	2.25
	-
	-

	
	
	MDF.HLS
	2.25
	3.00
	-

	For material put in place when humidity is close to the fibre saturation point and that may be subject to drying under load, the value of kdef should, in the absence of appropriate measures, be increased as a result of appropriate evaluations by adding a value no lower than 2.0 to the terms in the table.
For materials not included in the table, reference can be made to the relevant values set out in the technical references of proven validity, indicated in Chapter 12, regarding the safety levels of these standards.
* Values indicated may also be adopted for panels of tables glued to cross-laminated layers, but limited to service classes 1 and 2.


4.4.8.
ULTIMATE LIMIT STATES 
4.4.8.1
Strength verification 
Internal tensions can be calculated based on the assumptions of the preservation of flat sections and a linear relationship between tensions and deformations up to failure. 
The design strengths of materials Xd are set out in § 4.4.6.
The requirements of this paragraph shall apply to strength verifications of structural elements in solid wood or wood-based products with a direction of fibres substantially coinciding with their longitudinal axis and a constant cross-section, subject to stresses acting predominantly along one or more of the main axes of the element itself (Figure 4.4.1). 
Because of the anisotropy of the material, verifications of the tensional states of traction and compression should be carried out taking into account the angle between the direction of the fibres and the direction of tension. 
[image: image338.jpg]



Figure 4.4.1 - Axis of the element
	Direzione prevalente della fibratura
	Prevailing direction of the fibres


4.4.8.1.1
Traction parallel to the fibres 
The following condition should be satisfied: 

σt,0,d ≤ ft,0,d
[4.4.2] 
where: 
σt,0,d
is the tensile design tension parallel to the fibres evaluated on the net section; 
ft,0,d
is the corresponding design strength (formula 4.4.1), determined by also taking into account the dimensions of the t cross-section through the coefficient kh, as defined in § 11.7.1.1. 
For the end joints, it will be necessary to take into account any bending action induced by the eccentricity of the traction action through the joint; these secondary actions can be taken into account, approximately, through a suitable reduction of the tensile design strength. 
4.4.8.1.2
Traction perpendicular to the fibres 
For the verification of elements, the volume effectively subjected to traction should be suitably taken into account. For this verification, reference should be made to regulations of proven validity. 
Particular attention should be placed on the verification of elements subject to the transversal forces applied in the vicinity of the edges of the section in a direction such as to induce a tensile tension perpendicular to the fibres. 
4.4.8.1.3
Compression parallel to the fibres 
The following condition should be satisfied: 

σc,0,d ≤ fc,0,d
[4.4.3]
where:
σc,0,d
is the compressive design tension parallel to the fibres; 
fc,0,d
is the corresponding design strength (formula 4.4.1). 
Verification of stability for compressed elements should also be carried out, as defined in § 4.4.8.2.2.
4.4.8.1.4
Compression perpendicular to the fibres 
The following condition should be satisfied: 

σc,90,d ≤ fc,90,d
[4.4.4]
where: 
σc,90,d
is the compressive design tension perpendicular to the fibres; 
fc,90,d
is the corresponding design strength (formula 4.4.1). 
In the evaluation of σc,90,d account can be taken of the distribution of the load in the direction of the fibres along the height of the cross-section of the element. It is possible, with reference to regulations of proven validity, to take account of an effective width greater than that of the load. 
4.4.8.1.5
Compression inclined in relation to fibres 
In the case of compressive tension acting along an inclined direction in relation to the fibres, account should be suitably taken of its influence on the strength by making reference to regulations of proven validity. 
4.4.8.1.6
Bending 
Both of the following conditions should be satisfied: 
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where: 
σm,y,d and σm,z,d
are the maximum design tensions for bending, in planes xz and xy respectively, determined by assuming a linear elastic distribution of tensions on the section (see Figure 4.4.1); 
fm,y,d and fm,z,d
are the corresponding flexural design strength (formula 4.4.1), determined by also taking into account the dimensions of the cross-section through the coefficient kh, as defined in § 11.7.1.1. 
The values to be adopted for the coefficient km, which conventionally take into account the redistribution of the tensions and the heterogeneity of the material in the cross-section, are: 
–
km = 0.7 per rectangular cross-section; 
–
km = 1.0 for other cross-sections. 
Verification of stability for inflected elements should also be carried out (flexural-torsional instability or twist) as defined in § 4.4.8.2.1. 
4.4.8.1.7
Flexural stress 
In the case of normal tensile stress accompanied by flexural stresses around the two main axes of the structural element, both of the following conditions should be met: 
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The values of kmto be used are those set out in § 4.4.8.1.6. 
Verification of stability for inflected elements should also be carried out (flexural-torsional instability or twist) as defined in § 4.4.8.2.1. 
4.4.8.1.8
Buckling 
In the case of normal compressive stress accompanied by flexural stresses around the two main axes of the structural element, both of the following conditions should be met: 
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The values of km to be used are those set out in the preceding § 4.4.8.1.6. 
Verifications of stability should also be carried out as defined in § 4.4.8.2.
4.4.8.1.9
Shear 
The following condition should be satisfied: 

τd ≤ fv,d,
[4.4.8]
where: 
τd
is the maximum design tangential tension, evaluated according to the Jourawski theory, by considering a beam width suitably reduced for the possible presence of cracking;
fv,d
is the corresponding design shear strength (formula 4.4.1).
At the beam ends, the verification referred to above will be carried out by evaluating in a conventional manner τd, considered to be null for the purposes of the calculation of the shear stress of the ends; the contribution of possible stresses acting inside the specific length equal to the height h of the beam, measured starting from the inner edge of the support; or the actual reduced height heff in the case of beams with notches. 
For the verification of beams with end notches or tapers, reference should be made to regulations of proven validity. 
The shear strength for rolling of the fibres (rolling shear) can assume no greater than two times the tensile strength in the direction perpendicular to the fibres. 
4.4.8.1.10
Torsion 
The following condition should be satisfied: 

τtor,d ≤ ksh fv,d,
[4.4.9]
where: 
τtor,d
is the maximum design tangential tension per torsion; 
ksh
is a coefficient that takes account of the shape of the cross-section;
fc,90,d
is the shear design strength (formula 4.4.1). 
For the coefficient ksh the following values can be assumed:
ksh = 1.2
for filled circular sections; 
ksh = 1+ 0.15 h/b ≤ 2
for filled rectangular sections, with sides b and h, b ≤ h; 
ksh = 1
for other types of sections. 
4.4.8.1.11
Shear and torsion 
In the case of torsion accompanied by shear, a combined verification can be carried out by adopting the interaction formula: 
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[4.4.10]
where the meanings of the symbols are set out in the paragraphs corresponding to the shear and torsion verifications. 
4.4.8.2
Stability verification 
In addition to strength verifications, verifications should be carried out that are necessary to ensure the safety of the structure or of individual structural members against possible phenomena of instability, such as twisting of inflected beams (flexural-torsional instability) and lateral rolling of compressed or buckling elements. 
In the instability safety evaluation, account should be taken – for the calculation of tensions for bending, as well as for the initial bend of the element – of the axial load eccentricity and any deformations (deflections or counter-deflections) imposed. 
For these verifications, 5 % fractile characteristic values should be used for the elasticity of materials. 
4.4.8.2.1
Inflected elements (beam instability) 
In the case of simple bending, with bending moment acting around the strong y axis of the section (i.e. in the plane perpendicular to the plane of possible twisting), with reference to the tension due to the maximum moment acting in the section of beam between two successive torsional retentions, the following relationship should be satisfied: 
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[4.4.11]
σm,d
maximum design tension for bending; 
kcrit,m
reductive coefficient of critical tension for beam instability, for taking account of the strength reduction due to lateral rolling; 
fm,d
flexural design strength (formula 4.4.1), determined by also taking into account the dimensions of the cross-section through the coefficient kh. 
For beams with an initial lateral deviation with respect to straightness within the product acceptability limits, the following coefficient values of critical tension kcrit,m 
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[4.4.12]
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relative slenderness of beam; 
fm,k
characteristic flexural strength (paragraph 11.7.1.1); 
σm,crit
critical tension for bending, calculated according to the classical theory of stability, with characteristic elasticity values (5 % fractile) (paragraph 11.7.1.1).
4.4.8.2.2
Compressed elements (instability of column) 
In the case of a rod subjected only to normal stress, the following condition should be satisfied: 
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[4.4.13] 
σc,0,d
design compressive tension for normal stress; 
fc,0,d
compressive design strength; 
kcrit,c
reductive coefficient of critical tension for column instability for the plane in which it assumes the minimum value. 
The reductive coefficient kcrit,c is calculated in accordance with the relative slenderness in column λrel,c, that is: 
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[4.4.14]
fc,0,k
characteristic compressive strength parallel to the fibres; 
σc,crit
critical tension calculated according to the classical theory of stability, with characteristic elasticity values (fractile 5 %) (paragraph 11.7.1.1); 
λ
slenderness of the structural element evaluated for the plane in which it assumes the maximum value. 
When λrel,c ≤ 0.3 then kcrit,c = 1, otherwise 
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[4.4.15]
with
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[4.4.16]
βc
coefficient of imperfection, which, if the elements are within the limits of straightness defined in § 4.4.15, can assume the following values: 
-
for solid wood βc = 0.2; 
-
for laminated timber βc = 0.1. 
4.4.9.
CONNECTIONS 
Connections between structural elements should be planned in terms of number, position, strength, and stiffness so as to ensure the transmission of the design stresses at the limit state in question consistent with the criteria adopted in the course of structural analysis.
The load-bearing capacity and the deformability of the coupling method used in the connections should be determined on the basis of mechanical tests, for the implementation of which reference may be made to standards UNI EN 1075, UNI EN 1380, UNI EN 1381, UNI EN 26891, and UNI EN ISO 8970 as well as to relevant European standards. 
The load-bearing capacity and the deformability of the coupling method may be evaluated with reference to regulations of proven validity. 
In the calculation of the load-bearing capacity of the connection implemented with cylindrical shank coupling, it is necessary to take into account, among other things, the typology and the ultimate load-bearing capacity of the individual method of coupling, the type of coupling (wood-wood, panels-wood, steel-wood), the number of resistant sections and, in the case of organised connections with more elementary coupling, the alignment of the individual methods of coupling. 
The use of special types of coupling systems is allowed, provided that the behaviour of such systems is clearly characterised on the basis of theory and/or on a experimental basis, and so long as a level of safety not less than that required by this technical standard, is guaranteed.
Finger jointing glued to the whole section may not be used in service class 3. 
In each case, coupling systems should be verified in actual conditions of use in-situ.
4.4.10.
STRUCTURAL ELEMENTS 
Each structural element, in solid wood or wood-based materials, prevalently compressed, inflected, tensioned or subjected to combinations of the preceding states of stress, can be characterised by a single section or a compound section made up of several elements, glued or mechanically assembled. 
Verifications of the compound element should account for slippages in the coupling. For this purpose, it is permitted to adopt a linear connection for coupling between stress and sliding. 
For structural elements made through the coupling of wood-based elements or other material through connections or bonding, the overall verification of the compound element should take into account the actual behaviour of the coupling defined with reference to technical regulations of proven validity and possibly through trials. In each case, the stresses in the individual components should be compared with those specified in §§ 4.1 and 4.2 in relation to each individual material. 
4.4.11.
STRUCTURAL SYSTEMS 
Reticular structures consisting of wooden elements assembled through metallic connections, structural work or bonding coupling should generally be analysed as beam systems by considering the deformability and actual eccentricity of the connections. 
The stability of individual structural members in framed structures should be verified, generally, by taking account of the actual condition of bearings as well as the deformability of intersections and the presence of any bracing systems. 
The stability of framed structures should be verified by considering, in addition to the destabilising effects of vertical loads, the geometrical and structural imperfections, by contextualising the corresponding conventional actions in the same load duration class which caused them. 
In cases where lateral stability is ensured by the contrast of adequate bracing, the effective bending length of the piers, in the absence of rigorous analysis, can be assumed as equal to the storey height. 
For arcs, in addition to the usual verifications, checks should always be carried out with respect to instability, including above the ground. 
For arcs, as for all structures exerting pressure, bearings should be equipped to absorb the horizontal components of reactions. 
Design actions on bracing and/or baffles should be determined by also accounting for structural geometrical imperfections as well as deformations induced by the applied loads, if significant. 
If the roof and floor structures also carry out bracing functions in their plane (baffles for roofs and floors), the ability to perform this function with sheet behaviour should be suitably verified, taking account of the mode of implementation and the characteristics of the method of coupling. 
If the wall elements also carry out bracing functions in their plane (baffles for walls), the ability to perform this function with vertical bracket behaviour should be suitably verified, taking account of the mode of implementation and the characteristics of the method of coupling. 
4.4.12.
ROBUSTNESS 
The requirements of structural robustness referred to in §§ 2.1 and 3.1.1 may also be achieved through the adoption of appropriate design choices and adequate constructive measures that, for wood elements, should cover at least: 
–
the protection of the structure and its components against humidity; 
–
the use of intrinsically ductile connecting methods or ductile connection systems; 
–
the use of globally ductile compound elements; 
–
the limitation of wooden material zones subjected to traction perpendicular to the fibres, especially in cases where these states of stress are accompanied by tangential tensions (as with notches), and generally when high gradients of moisture are anticipated in the element during its useful life. 
4.4.13.
DURABILITY 
In relation to the service class of the structure and the conditions of load, a programme should be developed in the design for maintenance and control operations to be carried out during the lifespan of the structure. 
4.4.14.
RESISTANCE TO FIRE 
Verifications of fire resistance may be carried out with reference to UNI EN 1995-1-2, using the coefficients γM (see § 4.4.6. Table 4.4.III) concerning exceptional combinations. 
4.4.15.
IMPLEMENTATION RULES 
In the absence of specific requirements contained in the relevant product standards, operational as well as implementation tolerances should be defined in the design phase. 
In the absence of specific requirements contained in the relevant product standards, in order to limit variation in the humidity of material and the effects of variation on the structural behaviour, storage conditions, mounting and partial load phases should be defined in the design phase. 
For all structural members for which the problem of instability is significant, deviation from the theoretical geometric configuration should not exceed 1/500 of the distance between two successive bearings in the case of glue laminated elements, and 1/300 of the same distance in the case of solid-wood elements.
Wood, wood-based components and structural elements should not normally be exposed to atmospheric conditions more severe than those anticipated for the finished structure and that, in any case, produce effects that compromise structural efficiency. 
Before construction, or in any case before placing it in the load, wood should be brought to a moisture content as close as possible to that appropriate for the environmental conditions in which it will find itself in the finished construction. 
If, when working with wooden elements, the effects of shrinkage assume negligible importance, or in any event, a variation in humidity assumes the same importance, a greater moisture level in the material can be accepted during installation provided that the possibility of subsequent drying exists for the wood, until reaching the humidity anticipated in the design phase, without the structural efficiency being compromised.
The connecting systems should not have permanent distortions in-situ.
4.4.16.
VERIFICATIONS FOR TRANSITIONAL SITUATIONS, CONTROLS AND LOAD TESTS 
For transitional constructive situations, such as those that occur during the construction phases, construction technologies and work programmes should be adopted that cannot cause permanent damage to the structure or structural elements and which in any case cannot negatively affect the safety of the construction.
The extent of environmental actions to be taken into account shall be determined in relation to the duration of the transitional situation and the operational technology. 
The assignment of design actions to one of the load duration classes and service classes should be consistent with the actual duration of the transitional situation under consideration.
In addition to what is provided for in Chapter 9, the execution of load tests for structures with wood elements or wood-based elements should take into account the environmental temperature and the humidity of the material. 
The application of the load should be able to highlight the behaviour dependence of the material by the duration and rate of application of the load. 
To this end, methods and test protocols can be adopted as set out in regulations of proven validity. 
4.4.17.
VERIFICATION FOR EXCEPTIONAL DESIGN SITUATIONS 
For exceptional design situations, plans should demonstrate the robustness of the building through damage scenario procedures for which the partial factors γM of the materials may be assumed as equal to the unit. 
4.4.18.
PLANNING COMPLEMENTED BY TESTS AND VERIFICATION THROUGH TESTING
Strength and structure functionality and structural elements can be measured through testing of samples of adequate size. 
The results of tests carried out on appropriate samples should be dealt with through methods of statistical analysis to obtain significant parameters such as average, standard deviation and asymmetrical factors of distribution in order to adequately characterise a probabilistic descriptor model of the quantity investigated (random variables). 
More detailed guidance on these matters and comprehensive operational methods for integrated planning by testing can be found in Appendix D to UNI EN 1990:2006.
4.5.
MASONRY CONSTRUCTIONS 
4.5.1.
DEFINITIONS 
The subject of these standards is constructions with vertical load-bearing structures, made with masonry systems and ,capable of withstanding vertical and horizontal actions, connected between themselves by structures of flooring, horizontal to the planes and possible inclined roofing, and by foundation works. 
For the use of masonry types or materials other than those specified below, that provided in §§ 4.6 or 11.1. applies.
4.5.2.
MATERIALS AND TYPOLOGY CHARACTERISTICS 
4.5.2.1
Mortars 
The requirements concerning mortars for masonry are contained in § 11.10.2. 
4.5.2.2
Resistant elements in masonry 
4.5.2.2.1
Artificial elements
For artificial resistant elements to be used with a resistant function, the requirements set out in § 11.10.1. shall apply. 
Artificial resistant elements may be equipped with holes in a direction normal to the laying plane (vertical drilling) or in a parallel direction (horizontal drilling) with characteristics referred to in § 11.10. Elements can be adjusted on the laying surface. 
For use in constructions covered by these standards, elements are classified on the basis of the drilling percentage ϕ and the average area of the normal section of each individual hole f. 
The holes are normally distributed almost evenly on the face of the element. 
The drilling percentage is expressed by the relationship ϕ =100 F/A where: 
F
is the overall area of the through holes and the depth not passed through; 
A
is the gross area of the face of the element of the masonry delimited by its perimeter. 
In the case of extruded brick blocks, the percentage of holes ϕ coincides with the percentage in volume of the voids as defined in standard UNI EN 772-9:2007. 
Tables 4.5.Ia-b set out classifications for brick and concrete elements respectively. 
Table 4.5.Ia - Classification of brick elements 
	Elements
	Drilling percentage ϕ
	Area f of the normal section of the hole

	Filled 
	ϕ≤15 %
	f ≤9 cm²

	Semi-filled 
	15 % < ϕ≤ 45 %
	f ≤12 cm²

	Perforated 
	45% < ϕ≤ 55%
	f ≤15 cm²


Elements may have cavities of limited depth intended to be filled by the mortar bed. 
Elements of brick with gross area greater than 300 cm² can be equipped with a grip hole of maximum area equal to 35 cm², to be taken into account in the overall drilling percentage, with the purpose of facilitating manual grip; for A greater than 580 cm², two holes are permitted, each with a maximum area equal to 35 cm², that is, one hole for grip or for any reinforcement fixing the area of which does not exceed 70 cm². 
Table 4.5.Ib - Classification of concrete elements 
	Elements
	Drilling percentage ϕ
	Area f of the normal section of the hole

	
	
	A ≤ 900 cm²
	A > 900 cm²

	Filled 
	ϕ≤ 15 %
	f ≤ 0.10 A
	f ≤ 0.15 A

	Semi-filled 
	15 % < ϕ ≤ 45 %
	f ≤ 0.10 A
	f ≤ 0.15 A

	Perforated 
	45% < ϕ ≤ 55%
	f ≤ 0.10 A
	f ≤ 0.15 A


Holes in brick and concrete elements intended to be filled with concrete or mortar are not subject to limitation. 
The minimum thickness of internal walls (minimum distance between two holes) is the following:
brick and calcium silicate elements:
7 mm;
concrete elements:
18 mm;
Minimum thickness of external walls (minimum distance from the outer edge to the nearest hole net of any scoring) is the following:
brick and calcium silicate elements:
10 mm;
concrete elements:
18 mm;
For resistant mortar/element adhesive property values, reference can be made to regulatory guidance of recognised validity. 
4.5.2.2.2
Natural elements 
Natural elements are obtained from stone material that is frost-resistant and that is not flaky or crumbly; they should not contain considerably soluble substances or organic residues, and should be undamaged, without altered or removable zones. 
Elements should meet requirements of mechanical resistance and adhesiveness to mortars, determined according to the methods described in § 11.10.3. 
4.5.2.3
Masonry 
Masonry constituted by organised and effective assembly of elements and mortar may be single layer, if the wall is without cavities or continuous vertical joints in its plane, or double layer. In this latter case, if transversal connections contained in Eurocodes UNI EN 1996-1-1 are present, reference will be made to the same Eurocodes UNI EN 1996-1-1, or in the absence of transversal connections contained in Eurocodes, § 4.6 will apply. 
In the case of natural elements, stones that are quasi-parallelpiped, put in place in regular layers, will form the squared stone masonry. The use of coarsely processed quarry material is permitted for new buildings, provided the material is put in place in almost regular layers: in this case, it is referred to as non-squared stone masonry; if non-squared masonry is intercalated, with spacing not exceeding 1.6 m and throughout the length and thickness of the wall, with bands of simple or armoured concrete or with horizontal courses constituted by at least two rows of solid brick, then it is referred to as listed masonry. 
The use of thin mortar joints (0.5–3 mm thick) and/or dry vertical joints should be limited to buildings with a quantity of storeys above the ground not exceeding that specified in § 7.8.1.2, and a maximum storey height of 3.5 m. 
4.5.3.
MECHANICAL CHARACTERISTICS OF MASONRY 
The fundamental properties on which masonry can be classified are the characteristic compressive strength fk, the characteristic shear strength in the absence of axial action fvk0, the secant normal modulus of elasticity E, and the secant tangential modulus of elasticity G. 
The strength characteristics fk and fvk0 are determined through trials on wall samples, or with some limitations, in accordance with the properties of the components. The method for determining the strength characteristics are indicated in § 11.10.3, where the procedures for the evaluation of the modulus of elasticity are also set out. 
In each case, the values of the mechanical characteristics used for verifications should be indicated in the constructions designs. 
In any case, when a value of fk is required greater or equal to 8 MPa, the value of fkshould be verified through experimental trials as indicated in § 11.10. 
4.5.4.
STRUCTURAL ORGANISATION 
The load-bearing masonry building should be conceived as a three-dimensional structure. The masonry wall strength systems and the horizontal elements and foundations should be connected together in such a way as to resist vertical and horizontal actions. 
The wall panels, of non-armoured masonry, are also considered resistant to horizontal actions when they have a length no less than 0.3 times the height of the storey; the wall panels carry out a load-bearing function when they are mainly subjected to vertical actions, and carry out a bracing function when mainly subjected to horizontal actions. For the purposes of appropriate static and dynamic behaviour of the building, all the walls should perform, as far as possible, both a load-bearing function and a bracing function. 
The horizontal elements are generally flat floors, or with inclined pitched roofing, which should ensure, for strength and stiffness, the allocation of horizontal actions between bracing walls. 
The organisation of the entire structure and the interaction and connection between its parts should be such as to ensure adequate strength and stability, and an overall “box-like” behaviour. 
To ensure a box-like behaviour, walls and horizontal elements should be suitably connected. All walls should be connected to the floor level by means of reinforced concrete floor curbs, and, between themselves, by connecting elements along the vertical intersections. Floor curbs should have suitable section and reinforcement. 
Suitable chaining at floor level should also be provided, with the purpose of connecting the parallel walls of the walled box to each other. This chaining should be implemented by means of metallic reinforcements or other traction resistant material, the ends of which should be effectively anchored to the curbs. For connections in the direction of the floor texture, chaining can be omitted when the connection is ensured by the floor itself. For connections in the direction perpendicular to the floor texture, appropriate measures may be adopted that effectively replace the chaining, constituted by tie beams not connected to the floor. 
The connection between the foundations and the elevated structure is generally created by means of reinforced concrete curbs at the base of all resistant vertical masonry. It is possible to create the first elevation with reinforced concrete walls; in this case, the layout of foundations and overlaying masonry should be such as to ensure an adequate centering of loads transmitted to first elevation walls and foundations. 
The thickness of load-bearing walls may not be less than the following values: 
–
masonry with full artificial resistant elements
150 mm 
–
masonry with semi-full artificial resistant elements
200 mm 
–
masonry with hollow artificial elements
240 mm 
–
squared stone masonry
240 mm 
–
squared stone listing masonry
400 mm 
–
unsquared stone masonry
500 mm 
Second order phenomena may be verified through the conventional slenderness of the walls, defined by the ratio: 

λ = h0 / t
[4.5.1]
where h0 is the free length of bending of the wall, evaluated on the basis of the constraint conditions at the edges expressed by [4.5.5] and t is the thickness of the wall. 
The value of the slenderness λ should not be greater than 20. 
4.5.5.
STRUCTURAL ANALYSIS 
The structural response is calculated using: 
–
simplified analysis.
–
linear analysis, assuming the secant values of the modulus of elasticity
–
non-linear analysis 
For the evaluation of local effects, the use of calculation models related to isolated parts of the structure is permitted. 
For the calculation of loads transmitted by floors at walls and for the evaluation of the effects of actions above ground on the walls, the use of simplified models is permitted, based on the complete joint articulation scheme at the ends of structural elements. 
4.5.6.
VERIFICATIONS 
Verifications are conducted with the assumptions of the preservation of flat sections and by disregarding the tensile strength for bending of masonry. 
In addition to verifications on load-bearing walls, verification of coupling beams in ordinary masonry should be carried out when taken into account by the model of the structure. These verifications are carried out in a manner similar to that provided for vertical wall panels. 
4.5.6.1
Design strengths 
The design strengths to be used, respectively, for compressive, buckling and concentrated load verifications (fd) and shear (fvd) are: 

fd = fk /γM
[4.5.2] 

fvd = fvk / γM
[4.5.3] 
where 
fk
is the characteristic compressive strength of the masonry; 
fvk
is the characteristic shear strength of masonry in the presence of actual compressive tensions, evaluated as indicated in § 11.10.3.3, in which γM is the partial safety coefficient on the compressive strength of masonry, inclusive of model and shape uncertainties, provided by Table 4.5.II, in accordance with execution classes specified later, and depending on whether resistant elements used are of class I or class II (see § 11.10.1). 
Table 4.5.II. Coefficient values γM in accordance with the execution and category class of the resistant elements 
	Material
	Execution class

	
	1
	2

	Masonry with resistance elements of category I, guaranteed performance mortar 
	2.0
	2.5

	Masonry with resistance elements of category I, prescribed composition mortar
	2.2
	2.7

	Masonry with resistance elements of category II, every type of mortar
	2.5
	3.0


The attribution of execution class 1 and 2 is carried out by adopting the following. 
In each case that it is necessary (class 2): 
–
availability of specific staff who are qualified and experienced, employed by the company carrying out the work for supervision of work (site manager); 
–
availability of specific staff who are qualified and experienced, employed by the company carrying out the work for inspection verifications of work (site engineer). 
Class 1 is attributed if, in addition to the inspections referred to above, the following verification operations are provided:
–
control and on-site evaluation of properties of mortar and concrete; 
–
dispensing components of mortar “in volume” with the use of suitable containers and control of mixing operations or use of pre-mixed mortar certificated by the producer. 
4.5.6.2
Monitoring ultimate limit states 
The ultimate limit states to be verified are: 
–
at bending for lateral loads (resistance and stability above ground); 
–
at bending in the wall plane; 
–
shearing for actions in the wall plane; 
–
concentrated loads;
–
bending and shearing of coupling beams. 
Verifications are conducted with reference to regulations of proven validity. 
For verification at bending for lateral loads, in the case of adoption of the assumptions of complete joint articulation of the ends of the wall (see § 4.5.5), reference to the simplified method below is permitted. 
The reduced unitary design strength fd,rid related to the structural element is assumed equal to
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in which Φ is the coefficient of reduction of the strength of the material, as set out in Table 4.5.III in accordance with the conventional slenderness λ and the coefficient of eccentricity m defined later (equation [4.5.6]). 
For values not included in the table, linear interpolation is permitted; under no circumstances are extrapolations permitted. 
Table 4.5.III - Coefficient values Φ with the assumptions of articulation (hinge) 
	Slenderness (
	Coefficient of eccentricity m = 6 e/t

	
	0
	0.5
	1.0
	1.5
	2.0

	0
	1.00
	0.74
	0.59
	0.44
	0.33

	5
	0.97
	0.71
	0.55
	0.39
	0.27

	10
	0.86
	0.61
	0.45
	0.27
	0.16

	15
	0.69
	0.48
	0.32
	0.17
	

	20
	0.53
	0.36
	0.23
	
	


For the evaluation of the conventional slenderness λ of the wall according to the expression [4.5.1], the free length of bending of the wall h0 is provided by the relationship 

h0 = ρh
[4.5.5]
in which the factor ρ takes into account the effectiveness of the constraint provided by the perpendicular walls and h is the internal height of the storey; ρ assumes the value of 1 for insulated walls, and the values indicated in Table 4.5.IV, when the wall has no openings and is stiffened with an effective constraint by two transversal walls of a thickness of no less than 200 mm and a length l of no less than 1/5 h, placed at spacing of a. 
Table 4.5.IV - Lateral factor of constraint 
	h/a
	(

	h/a ≤ 0.5
	1

	0.5 < h/a ≤ 1.0
	3/2 – h/a

	1.0 < h/a
	1/[1+(h/a)2]


If a transverse wall has openings, it is conventionally considered that its stiffening function can be completed when the jamb of the openings from the surface of the stiffened wall is at least 1/5 of the height of the wall itself; otherwise it is assumed as ρ = 1. 
In the length l of the stiffening wall, half the thickness of the stiffened wall is also intended to be included. The coefficient of eccentricity m is defined by the relationship: 

m = 6 e/t
[4.5.6]
where e is the total eccentricity and t is the thickness of the wall. The eccentricity of vertical loads on the thickness of masonry is due to the total eccentricity of the vertical loads, execution tolerances of the loads and horizontal actions. The eccentricity can be determined conventionally with the following criteria. 
a)
total eccentricity of vertical loads: 
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[4.5.7]
where: 
es1
is the eccentricity of the resultant loads transmitted by the walls of the upper planes with respect to the median plane of the wall to be verified; 
es2
is the eccentricity of the support reactions of the floors above the verification section; 
N1
is the load transmitted by the centred assumed overlying wall in relation to the wall itself; 
N2
is the support reaction of the floors above the verification wall; 
d1
is the eccentricity of N1 with respect to the median plane of the verification wall; 
d2
is the eccentricity of N2 with respect to the median plane of the verification wall; 
such eccentricity may be positive or negative; 
b)
eccentricity due to operational tolerances, ea. 
Considering the morphological and dimensional tolerances connected to the operational technology of masonry buildings, account should be taken of an eccentricity ea that is assumed at least equal to

ea = h/200
[4.5.8]
with h being the internal height of the storey. 
c)
eccentricity ev due to horizontal actions considered acting in a direction perpendicular to the masonry plane.

ev = Mv/N
[4.5.9]
where Mv and N are, respectively, the maximum bending moment due to horizontal actions and the normal stress in the relevant verification section. The wall is assumed to be hinged to the level of the planes and, in the absence of openings, also corresponding with the transversal walls if these have spacing of less than 6 m. 
The eccentricities es, ea and ev should be conventionally combined among themselves in accordance with the two expressions: 
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[4.5.10]
The value of e=e1 is adopted for the verification of the walls in their end sections; the value of e=e2 is adopted for the verification of the section where the maximum is the value of Mv. The calculated eccentricity e can not, in any case, be assumed as less than ea. 
In each case where: 
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[4.5.11]
4.5.6.3
Ultimate limit states verification 
It is generally not necessary to perform checks in respect of serviceability limit states of masonry structures when they have satisfied the checks in relation to ultimate limit states. 
In the case of armoured masonry, and for particular situations with non-armoured masonry, reference should be made to technical standards of proven validity. 
4.5.6.4
Simplified verification 
For simple buildings, verifications are permitted to be carried out, in a simplified manner, by adopting the actions provided in these technical standards with material strength as set out in § 4.5.6.1, by setting the coefficient γM = 4.2 and by using the simplified sizing reported below, with the corresponding limitations: 
a)
the structural walls of the building are continuous from the foundation to the top; 
b)
the height of a storey should be no greater than 3.5 metres; 
c)
the number of masonry planes is not greater than 3 (under and above ground) per ordinary masonry building and 4 per armoured masonry building; 
d)
the layout of the building is placed in a rectangle with a ratio between the smaller side and the larger side of no less than 1/3; 
e)
the slenderness of masonry, according to the expression [4.5.1], should not exceed 12 in any case; 
f)
the variable load for the floors should not be greater than 3.00 kN/m². 
g)
attention should be applied to minimum percentages and estimated decking with respect to the planned overall surface of the building and the strong section of the walls, calculated in two perpendicular directions, specified in Table 7.8.II.
Verification will be satisfied if: 

σ = N/( 0.65 A) ≤ fk /γM
[4.5.12]
in which N is the total vertical load at the base of each plane of the building corresponding to the sum of the permanent and variable loads (evaluated by placing γG=γQ=1) of the property material variation, and A is the total area of the load-bearing walls in the same plane. 
4.5.7.
REINFORCED MASONRY 
Reinforced masonry is constituted by solid and semi-solid artificial resistant elements suitable for the implementation of masonry walls incorporating suitable vertical and horizontal metallic reinforcements embedded in mortar or concrete. 
Reinforcement bars can be made from carbon steel or stainless steel or from steel with special coating, complying with the relevant guidance referred to in § 11.3. 
For horizontal reinforcements, the use of electric-welded lattice reinforcements is permitted, or the use of other reinforcements shaped in such a way as to provide adequate adhesion and anchoring, in compliance with relevant regulations of proven validity. 
In any case, adequate protection of the reinforcement against corrosion should be guaranteed. 
Reinforcement bars should have a minimum diameter of 5 mm. In walls that incorporate reinforcements in mortar beds to provide an increase in resistance to above-ground loads, to contribute to the control of cracking or to provide ductility, the total area of the reinforcement should not be less than 0.03 % of the gross area of the cross-section of the wall (i.e. 0.015 % for each face in the case of above-ground resistance). 
If the reinforcement is used in armoured masonry elements for increasing resistance in the plane, or when shear reinforcement is required, the percentage of horizontal reinforcement, calculated with respect to the gross area of the masonry, may not be less than 0.04 % or more than 0.5 %, and may not have spacing greater than 60 cm. The percentage of vertical reinforcement, calculated with respect to the gross area of the masonry, may not be less than 0.05 % or higher than 1.0 %. In this case, vertical reinforcements with overall section not less than 2 cm² should be placed at each end of every load-bearing wall and at each intersection between load-bearing walls, corresponding to each opening and in any case with spacing no greater than 4 m. 
The length of anchorage, equipped to ensure the transmission of stresses to the mortar or concrete filling, should in any case be able to prevent longitudinal cracking or flaking of the masonry. Anchorage should be obtained through a straight-line bar, by means of hooks, folds or forks, or alternatively by means of suitable mechanical devices of proven effectiveness. 
Anchorage length required for straight bars can be calculated similarly to how length is usually calculated for reinforced concrete structures. 
Anchorage of shear reinforcement, stirrups included, should be obtained by means of hooks or folds, with a bar of longitudinal reinforcement inserted into the hook or folding. Overhangs should ensure continuity in the transmission of tensile stresses so that the yield stress of the reinforcement occurs before it becomes less than the strength of the joining. In the absence of experimental data relating to the technology used, the overhang length should be at least 60 diameters. 
The mortar or concrete filling of compartments or chambers of the reinforcements should completely envelop the reinforcements. The thickness of covering should ensure the transmission of stresses between the masonry and the reinforcement and constitute a suitable reinforcement cover to enhance the durability of steels. The vertical reinforcement should be placed in suitable cavities or recesses of such size that, in each one of them, a cylinder of at least 6 cm in diameter can be placed. 
The minimum compressive strength required for the mortar is 10 MPa, while the minimum class required for the cement is C12/15. For strength values of characteristic adherence of the reinforcement, reference may be made to the results of experimental trials or legislative guidance of proven validity. 
The design strength of the masonry for use in shear verifications (fvd) can be calculated by ignoring the contribution of any shear reinforcement incorporated in the element, if the minimum area of reinforcement specified above is not provided, for armoured masonry elements suitable to increase the plane strength; or by taking into consideration the contribution of the shear reinforcement, if at least the anticipated minimum area is present, as set out in regulations of proven validity. 
Safety verifications should be conducted by assuming that for steel γs= 1.15. 
4.5.8.
CONFINED MASONRY 
Confined masonry is a masonry constituted by solid and semi-solid artificial resistant elements, equipped with confinement elements in armoured concrete or masonry. The design of the confined masonry can be carried out by integrally applying the provisions of structural Eurocodes and in particular the standards UNI EN 1996 and UNI EN 1998 with national appendices.
4.5.9.
VERIFICATION FOR TRANSITIONAL SITUATIONS 
For transitional constructive situations, such as those that occur during the construction phases, construction technologies and work programmes should be adopted that cannot cause permanent damage to the structure or to structural elements and that in any case cannot negatively affect the safety of the construction. 
The extent of environmental actions to be taken into account shall be determined in relation to the timeline of the transitional situation and the operational technology. 
4.5.10.
VERIFICATION FOR EXCEPTIONAL SITUATIONS 
For exceptional design situations, plans should demonstrate the robustness of the building through damage scenario procedures for which the partial factors γM of the materials can be assumed as equal to 1/2 those of ordinary situations (see Table 4.5.II). 
4.5.11.
RESISTANCE TO FIRE 
Verifications of fire resistance may be carried out with reference to UNI EN 1996-1-2, using the coefficients γM (see § 4.5.10) relating to exceptional circumstances. 
4.5.12.
PLANNING COMPLEMENTED BY TESTS AND VERIFICATION THROUGH TESTING
Strength and structure functionality and structural elements can be measured through testing of samples of adequate size. 
The results of tests carried out on appropriate samples should be dealt with through methods of statistical analysis to obtain significant parameters such as average, standard deviation and asymmetrical factors of distribution in order to adequately characterise a probabilistic descriptor model of the quantity investigated (random variables). 
More detailed guidance on these matters and comprehensive operational methods for integrated planning by testing can be found in Appendix D to UNI EN 1990:2006.
4.6.
OTHER CONSTRUCTION SYSTEMS 
If construction systems different from those governed by these technical standards are used, their suitability should be proven by a declaration issued pursuant to Article 52(2) of Presidential Decree 380/01, by the president of the Superior Council of Public Works, acting on the advice of the same council and following due investigation of the Central Technical Department.
The term “construction systems different from those governed by these technical standards” means those for which the rules of design and execution are not provided for in these technical standards or in technical references and documents of proven validity, referred to in Chapter 12, in compliance with the safety levels provided for by these technical standards.
In any case, the materials or structural products used in the construction system should comply with the requirements referred to in Chapter 11.
For specific individual cases, territorial administrations competent in the verification of the application of technical standards for construction in accordance with Presidential Decree 380/2001 or administration clients can make use of advisory activities within the meaning of Article 2(1)(b) of Presidential Decree 204/2006, of the Superior Council of Public Works, which is expressed following due investigation by the Central Technical Department.
CHAPTER 5.
BRIDGES
 TC " CHAPTER 5 - BRIDGES" \f C \l "1" 
5.1.
ROAD BRIDGES
5.1.1.
PURPOSE 
This chapter contains the general criteria and technical specifications for road bridge design and construction. 
The term "bridges" shall, herein, refer to all structures that are normally referred to by particular names that relate to their different purposes, such as: viaducts, underpasses or flyovers, overpasses, under-crossings, elevated motorways, etc. 
The prescriptions provided also pertain to moveable bridges, as applicable. 
5.1.2.
GENERAL PROVISIONS
5.1.2.1
Roadway geometry 
For the purpose of this legislation, bridge roadway width is intended as the distance measured in a direction orthogonal to the road between the external points of the deck. 
The bridge roadway comprises the roadway, which may be divided by a median and consist of lanes and shoulders, edging and, where applicable, pavements, depending on the size, function, and characteristics of the road.
The paved surface of the bridge comprises the roadway and raised pavements, where applicable, of a height less than 20 cm and not protected by road safety barriers or other restraining devices. 
5.1.2.2
Headroom
For bridges that overpass an ordinary traffic road, headroom beneath the bridge must not be less than 5 m at any point, taking the slopes of the road below into consideration. 
Allowances may be made for limited access roads for duly substantiated reasons, as long as the minimum clearance is not less than 4 m. 
In exceptional circumstances, where unavoidable constraints exist that require the headroom to be reduced, a minimum clearance may be adopted, which may not in any case be lower than 3.20 m. This derogation is subject to approval by the local Military Command and Fire Service. 
Bridges over waterways classified as navigable must have a tie-rod for the class of craft permitted. 
For all cases that derogate from the minimum height of 5 m, suitable traffic safety signs (e.g. headroom warning signs) must be used, located at an appropriate distance from the entrance. 
For pedestrian underpasses, headroom must be no less than 2.5 m. 
5.1.2.3
Hydraulic compatibility 
For bridges across a natural or artificial waterway, a hydraulic feasibility study must be performed for the design, comprising a hydrological report and hydraulic report on the design decisions, construction, and operation of the bridge.
The scope and depth of the study and the investigations it comprises shall be related to the relevance of the problem and to the design. A design flood must in any case be calculated, characterised by a return period (T) of 200 years (T=200).
Depending on the design, the hydraulic compatibility study must show:
-
hydrological analysis of record flood events and estimation of their probable frequency;
-
definition of the months of the year during which record floods can be expected, with reference to the planned construction stages;
-
definition of the displacement scale under current conditions, design conditions, and conditions during the planned construction stages, including calculation of the backwater profile caused by drainage work, taking into consideration the potential formation of accumulations of floating waste;
-
evaluation of localised excavation with reference to the shapes and sizes of piles, abutments and foundations, as well as other temporary and permanent riverbed works, taking into consideration the possible formation of accumulations of floating waste as well as erosive phenomena generally resulting from riverbed constriction;
-
examination of the consequences of impact and abrasion due to the presence of craft and floating matter.
The engineering structure must not affect the section of waterway the design flood applies to with abutments, piles and embankments and, if dammed, the dam structures.
When riverbed piles are required, the minimum net span between adjacent piles, or between the pile and abutment of the bridge, must not be less than 40 m measured orthogonally to the main tideway. For existing bridges with lower net span, widening of the roadway span is permitted, on the condition that this does not change the size of their piles, abutments or the foundation plans of the same, and in accordance with the freeboard, as outlined below. In all other cases, application for authorisation must be made to the competent bodies, who shall obtain the opinion of the High Council of Public Works.
For riverbed piles and/or abutments, particular care should be dedicated to the problem of excavating at the foundation and for protecting the piles and abutment foundations, also taking into consideration floating matter carried on the water. In these circumstances, an estimate, which may be a running estimate, of the undermining shall be made at the very start of the design.
The freeboard, defined as the distance between the design water surface elevation immediately upstream from the bridge and the bottom of the structure, is to be assumed no less than 1.50 m, and in any case, must be decided taking into consideration an estimation of the movement of solids on the riverbed and of the movement of floating material, ensuring suitable distance between the bottom of the structure and the riverbed.
When the bottom of the structure does not constitute a single horizontal line between supports, the freeboard must ensure a central width of 2/3 of the span, and in any case, be no less than 40 m.
The required freeboard needed cannot be achieved by raising the bridge during a flood.
The undermining and hydrodynamic actions associated with the peak water level that occurs on average every year (assuming T = 1.001) must be combined with other variable actions adopting unitary factor values .
Undermining and hydrodynamic actions associated with design flood events must be combined exclusively with other variable traffic loads, adopting for the latter combination factors .
5.1.3.
ACTIONS ON ROAD BRIDGES 
Actions to consider in the design of road bridges are: 
–
permanent actions; 
–
embedded distortion and deformation;
–
variable traffic loads;
–
variable actions (thermal variations, hydrodynamic pressure, wind, snow and actions on parapets);
–
passive resistances to supports;
–
impacts on road safety barriers by derailed vehicles;
–
seismic actions;
–
accidental actions. 
5.1.3.1
Permanent actions 
1.
Dead weight of structural elements: g1
2.
Permanent bearing loads: g2 (road surfacing, pavements, noise barriers, road safety barriers, parapets, finishings, drainage systems, street furniture, backing and similar). 
3.
Other permanent actions: g3 (earth pressure, hydraulic pressure, etc.).
5.1.3.2
Embedded distortion and deformation 
1.
Design distortions and pre-stresses: ε1. 
For the purpose of verifications, the effects of distortions and pre-stressing must be considered, where applicable to the design. 
2.
Rheological effect: shrinkage ε2 and viscosity ε3;
Calculation of the effects of concrete shrinkage and viscosity must be made according to the character and intensity of these distortions defined in the relative sections of these Technical Standards. 
3.
Subsidence: ε4 
The effects of subsidence must be considered when investigations and geotechnical surveys indicate they are significant for the structures. 
5.1.3.3
Variable traffic loads. Headroom: q1
5.1.3.3.1
General Considerations 
Traffic headrooms are defined by the Loading Diagrams described in § 5.1.3.3.3, laid out on conventional lanes.
5.1.3.3.2
Definition of conventional lanes 
Widths wl of conventional lanes on a carriageway and the maximum (whole) number of these lanes on the carriageway are indicated in the elevation below (Figure 5.1.1 and Table 5.1.I).
Unless otherwise specified, when the roadway of a bridge deck is divided into two separate parts by a central median, the following cases are recognised: 
a)
if the parts are separated by a permanent safety barrier, each part, including all emergency lanes and shoulders, is autonomously divided into conventional lanes. 
b)
if the parts are separated by moveable safety barriers or other restraint devices, the entire carriageway, including the central median area, is divided into conventional lanes. 
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Figure 5.1.1 - Example of lane numbering
	Parte rimanente
	Remaining part

	Corsia convenzionale numero 1
	Conventional lane Number 1

	Parte rimanente
	Remaining part

	Corsia convenzionale numero 2
	Conventional lane Number 2

	Parte rimanente
	Remaining part


Table 5.1.I - Number and width of the lanes
	Width of the carriageway surface "w"
	Number of conventional lanes
	Length of a conventional lane [m]
	Length of the remaining area [m]

	w < 5.40 m 
	nl = 1
	3.00 
	(w-3.00) 

	5.4 ≤ w < 6.0 m 
	nl = 2
	w/2 
	0 

	6.0 m ≤ w 
	nl = Int(w/3)
	3.00 
	w - (3.00 x nl) 


The layout and numbering of the lanes is determined by simulating the most unfavourable design conditions. For every individual verification, the number of lanes to be considered loaded, their layout on the carriageway surface, and their numbering are chosen so the effects of the load layout is the least favourable. The lanes which, loaded, give the least favourable effect is numbered as lane Number 1; the lane that gives the second least favourable effect is numbered Number 2, and so on. 
When the carriageway surface is comprised of two separate load parts supported by the same deck, the lanes are numbered taking into consideration the entire surface of the carriageway, so there is only one lane 1, only one lane 2 and so on, which can belong alternatively to one of the two parts. 
When the carriageway surface consists of two separate load parts supported by two independent decks, independent numbering is used for the design for each deck. When, on the other hand, the independent decks are supported by a single pile or a single abutment, a single numbering for the two parts is used for the pile or abutment design. 
For each individual verification and each conventional lane, the Loading Diagrams defined below are applicable for a length and longitudinal layout enabling the least favourable effect to be calculated. 
5.1.3.3.3
Loading Diagrams 
Variable traffic loads, including dynamic effects, are defined in the following Loading Diagrams: 
Loading Diagram 1:
is comprised of loads concentrated on two axes in tandem, applied on 0.40 m square tyre footprints, and uniformly distributed loads as shown in Figure 5.1.2. This diagram is a reference for overall verifications, and for local verifications, considering a single tandem load per lane, laid out on the axis of the lane itself. Tandem load, where present, shall be considered in full. 
Loading Diagram 2:
is comprised of a single axis applied on specific rectangular tyre footprints, with width 0.60 m and height 0.35 m, as shown in Figure 5.1.2. This diagram should be considered autonomously with longitudinal axis in the most critical position and shall be used as reference only for local verifications. Where it is more critical, the weight of a single wheel of 200 kN shall be considered. 
Loading Diagram 3:
is comprised of an isolated load of 150 kN with 0.4 m square footprint. It is used for local verifications on pavements not protected by crash barriers. 
Loading Diagram 4:
is comprised of an isolated load of 10 kN with 0.10 m square footprint. It is used for local verifications on pavements protected by crash barriers and on pedestrian footbridges. 
Loading Diagram 5:
comprised of dense crowd, acting with nominal intensity, comprehensive of dynamic effects, of 5.0 kN/m². The combination value is, on the other hand, 2.5 kN/m². The load must be applied on all significant influence zones, including the central median area, where applicable. 
Load Diagrams 6.a, b, c:
In the absence of specific studies and as an alternative to the generally precautionary main load model, for spans greater than 300 m, for the purpose of the total static of the bridge, reference can be made to the following loads qL,a, qL,b e qL,c 
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with L being the length of the loaded zone in m. 
5.1.3.3.4
Road Categories 
Based on the mobile loads permitted to transit, road bridges are divided into the following two categories:
bridges for the transit of mobile loads indicated above at their full value;
bridges for the sole transit of loads associated with Diagram 5 (pedestrian bridge). 
Access to pedestrian bridges by loads other than those stated in the design must be physically prevented. 
If necessary, the design can specifically consider one or more special representative vehicles, by geometry and axis load, as exceptional vehicles permitted on the bridge. These special vehicles and related combination regulations may be specially specified on a case-by-case basis, or derived from applicable regulations. 
5.1.3.3.5
Layout of mobile loads that create most critical load conditions 
The number of mobile load columns to consider in the calculation is the number of maximum compatibility with the width of the carriageway surface, taking account of the conventional width of overall dimensions for each lane being 3.00 m. 
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Figure 5.1.2 - Load Diagrams 1 – 5 (dimensions in m)
	Carico tandem
	Tandem load

	Corsia n.1
	Lane no 1

	Tandem
	Tandem

	Area rimanente
	Remaining area

	Schema di carico 1 (dimensioni in [m])
	Load Diagram 1 (dimensions in [m])

	Direzione dell'asse longitudinale del ponte
	Direction of the longitudinal axis of the bridge

	Carico asse
	Axis load

	*per 
	*for 


In any case, the number of lanes must not be less than 2, unless the width of the carriageway surface is less than 5.40 m. 
The layout of loads and the number of lanes on the carriageway surface will be, in each case, the factors that determine the most unfavourable stress conditions for the structure, flange or section in consideration. 
The following load intensities must be considered, as compatible with the previously defined widths (Table 5.1.II): 
Table 5.1.II - Load intensity Qik andqik for the different lanes 
	Position 
	Load axis Qik [kN] 
	qik [kN/m²] 

	Lane no 1 
	300 
	9.00 

	Lane No 2 
	200 
	2.50 

	Lane No 3 
	100 
	2.50 

	Other lanes 
	0.00 
	2.50 


The load associated with Diagram 5 (dense crowd) is considered for pedestrian bridges, applied with the most critical layout for individual verifications. 
For the purpose of general verifications for individual spans greater than 300 m, in the absence of specific studies and as an alternative to the main load model, a load of qL,a, is applied to Lane no 1, load of qL,b, to Lane no 2, qL,c to Lane Number 3 and a distributed load of intensity 2.5 kN/m² to the remaining area. 
Loads qL,a, qL,b and qL,c are arranged in alignment with the respective conventional lanes. 
5.1.3.3.6
Secondary deck structures 
Diffusion of local loads 
Concentrated loads to be considered for the purpose of local verifications and associated with Load Diagrams 1, 2, 3 and 4 are assumed to be uniformly distributed on the surface of the respective footprint. Diffusion through the surfacing and thickness of the slab is considered to occur at a 45° angle, until the middle level of the structure of the slab structure below (Figure 5.1.3.a). In the event of an orthotropic plate, the diffusion is considered to the middle level of the upper deck sheet (Figure 5.1.3.b). 
Calculation of the secondary deck structures 
For the purpose of secondary deck structures (slabs, pavements, cross girders, etc.), previously defined loads must be taken into consideration, in each case in the most critical positions for the element considered. Alternatively, if more critical, the load associated with Diagram 2, set out in the least favourable way and assumed as travelling in a longitudinal direction, is considered. 
For pavements not protected by a crash barrier, the load associated with Diagram 3 is considered. 
For pavements protected by a crash barrier and for pedestrian bridges, the load associated with Diagram 4 is considered. 
In determining the load combinations, load q1 indicates the layout of mobile loads which, on a case-by-case basis, are most critical for the purpose of the verifications. 
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	Figure 5.1.3.a - Diffusion of concentrated loads in the slabs
	Figure 5.1.3.b - Diffusion of concentrated loads in the orthotropic plate decks


	Pavimentazione
	Surfacing

	Saletta
	Slab


5.1.3.4
Variable traffic loads. Additional dynamic increase in the presence of structural discontinuity: q2 
Mobile loads include dynamic effects for average roughness surfaces. In special cases, for example near expansion joints, an additional dynamic factor q2 may need to be considered, to be evaluated in reference to the specific situation in consideration. 
5.1.3.5
Variable traffic loads. Longitudinal braking or acceleration force: q3
The braking or acceleration force q3 is a function of the total vertical load acting on conventional Lane No 1 and is equal to

180 kN ≤ q3 = 0,6 (2Q1k) + 0,10q1k · w1 · L ≤ 900 kN
[5.1.4]
wll being the width of the lane and L the length of the loaded zone. The force, applied to the surface and acting the length of the lane, is assumed to be uniformly distributed the loaded length and include the effects of interaction. 
5.1.3.6
Variable traffic loads. Centrifugal force: q4 
On bridges with R curved radius axis (in metres) centrifugal force corresponding to each load column is conventionally evaluated as indicated in Table 5.1.III, with Qv = Σi 2Qik the total due load on the tandem axes of Load Diagram 1 acting on the bridge. 
The concentrated load q4, applied on the surface level, acts in the normal direction of the axis of the bridge. 
Table 5.1.III - Characteristic values of centrifugal forces 
	Curve radius [m]
	q4 [kN] 

	R < 200 
	0.2 Qv

	200 ≤ R ≤ 1 500 
	40 Qv/R 

	1 500 ≤ R 
	0 


5.1.3.7
Snow and wind forces: q5 
Chapter 3 is applicable in regard to snow and wind actions. 
The action of the wind can be nominally considered using a static load system, the main component of which is horizontal and directed orthogonally to the axis of the bridge and/or directed in the least favourable direction for some of its elements (e.g. the piles). This main component is considered to act on the projection on the vertical plane of the impacted surfaces, including parapets, road safety barriers and noise barriers, where applicable; in this regard, see applicable documents set out in Chapter 12. 
The surfaces of transiting loads on the bridge exposed to wind is assimilated into a continuous rectangular wall 3 m high from the road level. 
The action of the wind can be evaluated as specified above in the event it cannot convey dynamic phenomena to the bridge structures or when the orography cannot give rise to anomalous wind action. 
For bridges that are particularly sensitive to the dynamic action of the wind, structure response in a wind tunnel must be evaluated and, if necessary, a mathematical model of the action of the wind calculated by experimental measures. 
Snow load is considered not concomitant with traffic loads, except for covered bridges. 
5.1.3.8
Hydrodynamic actions: q6
Hydrodynamic actions on piles located in riverbeds must be calculated in accordance with the prescriptions of § 5.1.2.3, also taking into account the effects of local riverbed modification, for example, undermining, in addition to the direction and shape of the pile.
5.1.3.9
Temperature actions: q7 
Calculation of the effects of thermal variations must be made in accordance with the nature and intensity of these variations defined in Chapter 3. For particularly complex situations, see applicable reference documents mentioned in Chapter 12.
5.1.3.10
Actions on parapets and collision by derailed vehicles: q8 
The height of the parapets cannot be lower than 1.10 m. The parapets must be calculated based on horizontal action of 1.5 kN/m applied on the handrail. 
The road safety barriers and the structural elements to which they are attached must be sized to the required class of containment for the specific use set out in applicable national legislation.
In the deck design, a load combination must be considered in which the horizontal forces system, equivalent to the effect of collision into the road safety barriers is associated with an isolated vertical load on the roadway consisting of Load Diagram 2, positioned adjacent to the barrier and set out in the most critical position.
This system of horizontal forces can be evaluated by the designer, alternatively, based on:
· the test results obtained during actual collision tests, on barriers of the same type and containment class used in the design, using suitable instrumentation that can register the evolution of the dynamic effects;
· recognition of the equivalence between the forces system and actions transmitted to the structure, caused by collisions into barriers of the same type and containment class used in the design, where this equivalence derives from theoretical evaluations and/or numeric-experimental modelling;
In the absence of the above-mentioned evaluations, the horizontal force system can be determined with reference to the characteristic resistance of the main structural elements involved in the mechanical assembly of the barrier and must be applied at a height of h, measured from the road network level, equal to the lower of dimensions h1 and h2, where h1 = (barrier height - 0.10 m) and h2 = 1.00 m. In sizing the structural elements to which the barrier is connected, any overloading of the diffusion zones of this force system must be taken into account, in function of the barrier geometry and any constraint conditions. For sizing the deck, the horizontal forces calculated this way must be expanded by a factor of 1.50.
The partial safety factor for the load combination on the ULS for derailed vehicle collisions must be assumed to be unitary.
5.1.3.11
Passive resistances of bearings: q9
In calculating the piles, abutments, foundations, the actual bearing structures, and, if applicable, the deck, the forces that derive from the passive resistances of bearings must be considered. 
In the case of rubber supports, these forces must be evaluated based on the bearing characteristics and foreseen movements. 
The passive resistances of bearings must be considered to be associated with those actions for which they give effect.
The partial safety factor for the ULS load conditions must be assumed the same as variable actions.
5.1.3.12
Seismic actions: E
The prescriptions of § 2.5.3 and § 3.2 must be complied with for seismic actions. 
In the expressions [2.5.5] and [2.5.7] ψ2j = 0.0 is normally assumed for loads caused by vehicle transit. 
Where necessary, for example for bridges in heavy traffic urban areas, loads caused by vehicle transit is assumed to be ψ2j = 0.2, where applicable, in the combination of actions as well as for the definition of the effect of seismic action. 
5.1.3.13
Accidental actions: A
Accidental actions to consider in the design are evaluated based on the indications set out in § 3.6 generally, and § 3.6.3 in particular.
With reference to § 3.6.3.1, it is noted that the actions of collisions on the horizontal structural elements above the road are used for verification of the general safety of the deck on the whole, intended as a rigid body (raising/tipping); if such events occur, localised damage to the structural elements that do not cause the deck to collapse are permitted. 
Piles of bridges located at ≤5.0 m from the roadway must be protected against the dangers of collision by road vehicles by suitable structures clearly constructed to protect the piles. 
5.1.3.14
Load combinations 
Combinations of loads to be considered for the purpose of verifications must be set out to ensure safety in compliance with the prescriptions of Chapter 2. 
For the purpose of determining the characteristic values of traffic load actions, the combinations shown in Table 5.1.IV. 
Table 5.1.IV – Characteristic values of traffic load actions 
	
	Loads on the carriageway surface
	Loads on pavements and bike lanes that are not raised

	
	Vertical loads
	Horizontal loads
	Vertical loads

	Group of actions
	Main model (Load Diagrams 1, 2, 3, 4 and 6)
	Special vehicles
	Crowd (Loading Diagram 5)
	Braking
	Centrifugal force
	Uniformly distributed load

	1
	Characteristic value
	
	
	
	
	Load Diagram 5 with combination value 2.5KN/m2

	2a
	Frequent value
	
	
	Characteristic value
	
	

	2b
	Frequent value
	
	
	
	Characteristic value
	

	3 (*)
	
	
	
	
	
	Load Diagram 5 with characteristic value 5.0 KN/m2

	4 (**)
	
	
	Load Diagram 5 with characteristic value 5.0 KN/m2 
	
	
	Load Diagram 5 with characteristic value 5.0 KN/m2

	5 (***)
	To be defined for each design
	Characteristic or nominal value
	
	
	
	

	(*) Pedestrian bridges
(**) To consider only if required for the particular design (e.g. bridges in urban area)
(***) To consider only if special vehicles are considered


Table 5.1.V, with reference to § 2.6.1, provides partial factor values of actions to assume in analyses to determine the effects of forces in ultimate limit state verifications. 
Other partial factor values are shown in Chapter 4 with reference to particular specific actions of various materials.
The values of combination factors ψ0j, ψ1j and ψ2j for the different actions categories are shown in Table 5.1.VI. 
Table 5.1.V – Partial safety factors for ULS load combinations 
	
	
	Factor
	EQU(1)
	A1 
	A2 

	Permanent actions g1 and g3
	favourable unfavourable 
	γG1 and γG3
	0.90 
1.10
	1.00 
1.35
	1.00 
1.00

	Non-structural permanent actions(2) g2
	favourable unfavourable 
	γG2
	0.00 
1.50
	0.00 
1.50
	0.00 
1.30

	Variable traffic loads 
	favourable unfavourable 
	γQ
	0.00 
1.35
	0.00 
1.35
	0.00 
1.15

	Variable actions 
	favourable unfavourable 
	γQi
	0.00 
1.50
	0.00 
1.50
	0.00 
1.30

	Design distortion and pre-stresses 
	favourable unfavourable 
	γε1
	0.90 
1.00(3)
	1.00 
1.00(4)
	1.00 
1.00

	Shrinkage and viscosity, Subsidence
	favourable unfavourable
	γε2, γε3, γε4
	0.00 
1.20
	0.00 
1.20
	0.00 
1.00


(1)Equilibrium not involving deformability parameters and resistance to the ground; otherwise the values in column A2 are applicable. 
(2)In the event the intensity of non-structural permanent loads, or one part of the same (for example, permanent bearing loads), is well defined in the design stage, for the said loads or for the part that is known, the same factors valid for permanent actions can be used.
(3)1.30 for instability in structures with external pre-compression 
(4)1.20 for local effects 
Table 5.1.VI - Factors ψ for variable actions for road and pedestrian bridges 
	Actions
	Group of actions 
(Table 5.1.IV)
	Factor ψ0 of combination
	Factor ψ1 (frequent values)
	Factor ψ2 (quasi-permanent values)

	
	Diagram 1 (tandem loads)
	0.75
	0.75
	0.0

	
	Diagrams 1, 5 and 6 (distributed loads
	0.40
	0.40
	0.0

	Traffic loads
(Table 5.1.IV)
	Diagrams 3 and 4 (concentrated loads)
	0.40
	0.40
	0.0

	
	Diagram 2
	0.0
	0.75
	0.0

	
	2
	0.0
	0.0
	0.0

	
	3
	0.0
	0.0
	0.0

	
	4 (crowd)
	--
	0.75
	0.0

	
	5
	0.0
	0.0
	0.0

	
	unloaded bridge
ULS and SLS
	0.6
	0.2
	0.0

	Wind
	in execution
	0.8
	0.0
	0.0

	
	loaded bridge
ULS and SLS
	0.6
	0.0
	0.0

	Snow 
	ULS and SLS
	0.0
	0.0
	0.0

	
	in execution
	0.8
	0.6
	0.5

	Temperature 
	ULS and SLS
	0.6
	0.6
	0.5


For structures with spans greater than 300 m, the factors indicated in the table can be modified where authorised by the Ministry of Infrastructures Central Technical Department, having heard the opinion of the High Council of Public Works. 
5.1.4.
SAFETY VERIFICATIONS 
Safety verifications on the various parts of the structure must be conducted based on criteria set out in these technical standards. 
In particular, ultimate limit state verifications must be made, including verification of the fatigue limit state, and serviceability limit states in regard to cracking and deformation states. 
Combinations of loads to be considered for verification purposes must be established to ensure safety in accordance with the general criteria set out in Chapter 2 of these technical standards. 
5.1.4.1
Ultimate Limit State Verifications 
It must be verified that: Ed ≤ Rd, where Ed is the design value of the effects of the actions and Rd is the corresponding design resistance. 
5.1.4.2
Serviceability Limit States 
For Serviceability Limit States, it must be verified that: Ed ≤ Cd , where Cd is a nominal value or a function of certain material properties linked to the design effects of the actions considered, Edis the effect of the force calculated based on load combinations. 
5.1.4.3
Verifications of the fatigue limit state 
For structures, structural elements and details sensitive to the phenomena of fatigue, suitable verifications must be performed. 
The verifications must be performed considering different load spectra, depending on whether the verification is for the design working life or for verification of damage.
In the absence of specific studies conducted to determine the effective load spectrum on the bridge, reference can be made to the models described below. 
Verifications for design working life 
Fatigue verifications for design working life can be conducted, for members characterised by constant amplitude fatigue limits, making sure the maximum difference in tension Δσmax=(σmax-σmin) caused by the same member in the significant load spectrum is less than the fatigue limit of the same member. For the purpose of the calculation of Δσmax fatigue Load Models 1 and 2 can be used as an alternative, laid out on the bridge in the two configurations that cause maximum and minimum tension, respectively, in the detail considered.
Load Model 1
The fatigue Load Mode 1 is comprised of Load Diagram 1 assuming 70 % of the concentrated loads and 30 % of distributed loads (see Figure 5.1.4), applied in axis to the conventional lanes identified according to the criteria set out in § 5.1.3.3.5
For local verifications, if more critical, the model constituted by the single axis of the Load Diagram 2, isolated and with 70 % load, must be considered (see Figure 5.1.4).
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Figure 5.1.4 - Fatigue Load Model 1
	Corsia
	Lane No 1

	Asse longitudinale del ponte
	Longitudinal bridge axis


Load Model 2
When more precise evaluations are needed, instead of the simplified Fatigue Load Model 1, derived from the main load model, fatigue Load Model 2 can be used, as shown in Table 5.1.VII; applied to the centre of the conventional lane no 1, which is the one that determines the most severe effects in the detail in question
Load Model 2 does not consider the effects of a number of loaded lanes on the deck in question. In the event significant interaction events are expected between vehicles, supplementary data, available data or data from consolidated technical literature or sourced from specific studies are needed for application of this model.
Table 5.1.VII - Fatigue Load Model 2 - frequent vehicles
	Vehicle gauge
	Distance between the axes (m)
	Frequent load per axis (kN)
	Wheel type (Table 5.1.IX)
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	4.50
	90
190
	A
B
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	4.20
1.30
	80
140
140
	A
B
B
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	3.20
5.20
1.30
1.30
	90
180
120
120
120
	A
B
C
C
C
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	3.40
6.00
1.80
	90
190
140
140
	A
B
B
B
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	4.80
3.60
4.40
1.30
	90
180
120
110
110
	A
B
C
C
C


Verification of damage 
Verifications of damage consist of verifying that in the member in consideration, the load spectrum produces damage D ≤ 1. 
Damage D is evaluated using the Palmgren-Miner rule, considering the S-N curve characteristic of the detail and nominal life of the structures. 
The verifications must be conducted considering the spectrum of tension caused in the detail by the simplified fatigue load 3, shown in Figure 5.1.5, comprised of a vehicle of symmetrical 4 axis fatigue, each with weight of 120 kN, or, alternatively, when more precise evaluations are needed, of the equivalent load spectrum making up the fatigue load model, shown in Table 5.1.VIII, where the percentage of vehicles to consider is also represented, in function of the traffic on the road served by the bridge. 
Fatigue Load Model Vehicles 3 or 4 can be applied in the direction of the conventional lanes determined in accordance with § 5.1.3.3.5. It is however possible to adopt more favourable vehicle provisions, considering that 10 % of the flow occurs on conventional lanes and 90 % on physical lanes. The position of vehicles on the physical lanes must be such to determine the most stringent effects in the detail in question.
The types of tyres to consider for the different vehicles and the sizes of their footprints are shown in Table 5.1.IX. 
In the absence of specific studies, for verification of damage, the annual flow of vehicles weighing in excess of 100 kN in the slow lane must be considered, relevant for the purpose of fatigue verification, taken from Table 5.1.X.
In the event significant interaction forces between vehicles is expected, reference must be made to specific studies or consolidated methods.
The Fatigue Load Model 3, considered in axis to the conventional lane, can be used for verifications using the method (, or method of equivalent damage factors. To determine equivalent damage factors, which must be specifically calibrated on the above-mentioned Fatigue Load Mode 3, reference can be made to standards UNI EN 1992-2, UNI EN 1993-2 and UNI EN 1994-2.
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Figure 5.1.5 - Fatigue Load Model. 3
	Asse longitudinale del ponte
	Longitudinal bridge axis


Table 5.1.VIII - Fatigue Load Model 4 - equivalent vehicles
	
	
	
	
	Composition of traffic

	Vehicle gauge
	Tyre type (Table 5.1-IX)
	Wheelbase [m]
	Equivalent axis load values [kN]
	Long-haul traffic
	Medium-haul traffic
	Local traffic
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	A
B
	4.50
	70
130
	20.0
	40.0
	80.0
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	A
B
B
	4.20
1.30
	70
120
120
	5.0
	10.0
	5.0
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	A
B
C
C
C
	3.20
5.20 1.30
1.30
	70
150
90
90
90
	50.0
	30.0
	5.0
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	A
B
B
B
	3.40
6.00 1.80
	70
140
90
90
	15.0
	15.0
	5.0

	[image: image374.png]S—slo—oo




	A
B
C
C
C
	4.80
3.60 4.40
1.30
	70
130
90
80
80
	10.0
	5.0
	5.0


Table 5.1.IX - Dimensions of axes and footprints for equivalent vehicles 
	Tyre type 
	Dimensions of the axes and footprints 

	A 
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Table 5.1.X – Annual flow of heavy vehicles in the slow lane 
	Traffic category
	Annual flow of vehicles weighing in excess of 100 kN in the slow lane

	1 - Roads and motorways with two or more lanes in each direction, featuring high traffic density 
	2.0x106

	2 - Roads and motorways featuring high traffic density 
	0.5x106

	3 - Roads and motorways featuring modest traffic density 
	0.125x106

	4 - Roads and motorways featuring low traffic density 
	0.05x106


5.1.4.4
Verifications of the cracking limit state 
To ensure the functionality and durability of structures, a cracking limit state is predetermined, accordingly for the environmental conditions and stresses, and to the sensitivity of the reinforcements to corrosion.
Ordinary reinforced concrete structures 
For ordinary reinforced concrete structures, the limitations set out in Table 4.1.IV for reinforcements with low sensitivity must be adhered to.
Pre-compressed reinforced concrete structures
The limitations set out in Table 4.1.IV for sensitive reinforcements are applicable.
5.1.4.5
Verifications of the deformation limit state 
The trim of a structure, to be evaluated based on previously indicated load combinations, must be compatible with the geometry of the structure in relation to the traffic needs, and with the design bearings and joint devices. 
Structural deformations must not create disturbances to the transit of mobile loads at the road speed. 
5.1.4.6
Verifications of seismic actions 
Verifications regarding seismic actions are performed according to the criteria and methods set out in the sections in these Standards.
5.1.4.7
Verifications in the construction stage 
Safety verifications shall be done also for the individual structure construction stages, taking account of the evolution of the static diagram and influence of the effects deferred over time. 
Centring, where applicable, and other temporary equipment needed to build the structure shall also be verified. 
5.1.5.
SUPPORTING STRUCTURES 
5.1.5.1
Decking 
5.1.5.1.1
Minimum thicknesses 
Minimum thicknesses of the various parts making up the deck must take into account the influence of environmental factors on the durability of the structure and adhere to the prescriptions set out in standards for all individual structural elements. 
5.1.5.1.2
Structures with prefabricated elements 
For structures built in full or in part using prefabricated elements, in order to avoid excessive tension, distortion or damage due to execution or assembly defects, the geometric compatibility between the various assembled parts must be ensured, also taking into account construction tolerances. 
The link elements between connected parts must be compliant in order to guarantee the correct transmission of forces. 
In the event of normal and pre-compressed concrete elements and steel-concrete composite structures, the redistribution of deferred force over time that occurs between constructed parts or parts subject to load at subsequent times and similar redistributions that derive from bearing changes shall be considered. 
5.1.5.2
Piles 
5.1.5.2.1
Minimum thicknesses 
The previous paragraph applies to deck structures. 
5.1.5.2.2
Schematisation and calculation 
For the verification of slender piles, particular regard must be paid to evaluating the effective bearing conditions, especially in regard to interaction with foundation structures. 
The pile tops must be verified for local effects deriving from concentrated actions transmitted by bearing structures. 
The movements permitted by the bearing structures must be verified as compatible with the maximum movements at the top of the piles, caused by the combination of the most unfavourable actions and, in tall piles, from the difference in temperature between the pile faces. 
5.1.6.
CONNECTORS 
The devices connecting the deck to the substructures (piles, abutments, foundations) must have the characteristics shown in the static and kinematic diagram used for the design, both in reference to the actions, and distortions. 
For structures constructed in more than one phase, the connectors must ensure proper static and kinematic behaviour during every stage of the structure scheme, adapting, where necessary, to changes to the scheme. 
The individual parts of the bearing device and their anchorages must be sized according to the connecting forces transmitted. 
The bearing devices must permit all foreseen movements with a greater safety margin than other structural elements. 
Particular attention must be given to bearings in a transverse direction compared to the longitudinal axis of the deck, the configuration of which must correspond to a well-defined static and kinematic scheme. 
The selection and layout of the bearings in special design bridges (curved bridges, skew bridges, irregular bridges) must derive from a suitable study of static capacity and kinematic compatibility. 
5.1.6.1
Bearing protection 
The various parts of bearing devices must be suitably protected, in order to guarantee normal functioning for the expected period of operation. 
5.1.6.2
Checks, maintenance and replacement 
Bridge bearings must be accessible to permit checks, maintenance and, where applicable, replacement without excessive difficulty. 
5.1.6.3
Bearings in seismic zones 
For bridges in seismic zones, bearings must be designed in such a way, taking account of the dynamic behaviour of the structure, that: 
-
they transmit forces resulting from seismic actions 
-
the bearing device components do not become disconnected 
-
the bearings do not disengage from their positions. 
5.1.7.
SIDE WORKS 
Sealing and paving works, joints and all side works, must be executed using quality materials and with care in execution to ensure the maximum life and reduce maintenance and refacing measures. 
5.1.7.1
Sealing 
Sealing works must prevent the infiltration of water that can cause damage to the supporting structures. 
5.1.7.2
Paving 
Road paving must be suitable to stand up to wear and the direct traffic load on the top slab of the bridge and sealing layers protecting the supporting structures. 
5.1.7.3
Joints 
Joint devices suitable for ensuring the continuity of the viable surface must be used between structures. The features of the joints and their means of connecting to the structure must be such to minimise possible dynamic over-stressing due to local irregularities and to ensure the best quality transit. 
Joint areas must be protected to prevent seepage of meteorological or cleaning water through the joints. For joints that permit the passage of water, the water must flow into special collection devices, located immediately beneath the joint, and must flow into drains without being able to pool or flood in a way that impacts the structures. 
5.1.7.4
Drainage of fluids from the deck 
The drainage of fluids from the deck must be done in a way that does not damage or compromise the structure, traffic safety, and any works and operations beneath the bridge. To this end, the bridge design must include a conveyance and drainage work design. For particularly large structures, or for structures of a particular nature, or the nature of the surrounding environment, a special treatment and/or settling system must be used. 
5.1.7.5
Devices for inspecting and maintaining structures 
At the time of design and construction, walkways must be included (platforms, steps, gangplanks, etc.) accordingly for the size of the bridge and permitting access to the most important parts for inspection and maintenance purposes. The zones around the parts that need to be replaced routinely, such as supports, must incorporate clearly marked strong points permitting lifting and temporary tie-down operations. 
5.1.7.6
Openings for channels and ducts 
The bridge structure must allow for the passage of cables and an aqueduct channel; the sizes of the openings must be proportional to the foreseeable needs evaluated in reference to the surrounding proximity of the bridge. 
5.2.
RAILWAY BRIDGES
These standards are applicable for the design and construction of new railway bridges. 
Based on the functional and strategic characteristics of the various railway infrastructures, the infrastructure operator establishes the parameters set out in Chapter 2: nominal life, class of use. 
5.2.1.
MAIN DESIGN AND MAINTENANCE CRITERIA 
The design of engineering structures beneath rail tracks must produce the best overall result in technical and economic terms, with particular regard for the durability of the structure itself. 
5.2.1.1
Inspections and maintenance 
From the engineering stage, the utmost care must be given to the general concept of the structure, and definition of the geometries and construction details in order to make accessibility and inspection possible, in compliance with safety standards, for all structural elements. Full access for the inspection of bearing structures and retaining parts, where applicable, must be guaranteed. The possibility of replacing these elements with minimum interference to the railway's operation must also be provided for; to this end, the design drawings must show all indications in this regard (number, position and capacity of jacks to raise the decks, procedures to follow to replace the equipment, etc.). 
5.2.1.2
Hydraulic compatibility 
Refer to paragraph 5.1.2.3.
5.2.1.3
Headroom 
Refer to paragraph 5.1.2.2.
5.2.2.
ACTIONS ON STRUCTURES 
In this context of these standards, all the actions that must be considered for the engineering of railway bridges must be considered according to the combinations indicated in the paragraphs below. 
The actions defined in this document apply to standard and narrow gauge railway tracks. 
5.2.2.1
Permanent actions 
Permanent actions that must be considered are: weight, permanent bearing loads, earth pressure, hydraulic pressure, etc. 
5.2.2.1.1
Permanent bearing loads 
Where more detailed evaluations are not made, the determination of permanent bearing loads relating to the weight of the ballast, superstructure and seal (including protection) can be done conventionally assuming, for straight track, a volume weight of 18.0 kN/m³ applied on the entire average width including between ballast walls, by an average height between the rail head (R.H.) and deck top slab equal to 0.80 m. For bridges on curved line, in addition to the conventional weight indicated above, the weight of all the ballast parts needed to create the cant, evaluated with its actual geometric distribution and with a volume weight of 20 kN/m³, is added. 
In the event of a superstructure without ballast, the weights of individual components and relative distributions must be evaluated. 
In designing new railway bridges, weights, actions and overall dimensions associated with the introduction of noise filtering barriers must be considered, even when this type of element is not originally planned.
The weight of any finishings, water drainage systems and so on must also be considered as permanent bearing loads. 
5.2.2.2
Vertical variable actions 
5.2.2.2.1
Load models
Vertical loads associated with the transit of trains are defined by the different load models represented by the different types of railway traffic: normal and heavy. 
The values of the above-mentioned loads must be multiplied by a balancing factor “”, variable according to the type of infrastructure (ordinary railway, light railway, subway, etc.). For ordinary railways, the value of the balancing factor “” to use for the load models is defined in the relevant paragraphs; for light railway, subways, etc. the value of the factor “” is defined in function of the specifications of the infrastructure. Three types of loads whose characteristic values are defined in the following paragraphs are considered. Hereinafter, references to Load Models LM 71, SW/0 and SW/2 and their components are intended, in effect, equal to the product of the factors α for the loads indicated in Figure 5.2.1 and Figure 5.2.2. 
5.2.2.2.1.1
Load Model LM 71 
This load model illustrates the static effects produced by normal railway traffic as shown in Figure 5.2.1 and is comprised of:
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Figure 5.2.1 - Load Model LM71
	ILLIMITATO
	UNLIMITED


-
four 250 kN axes spaced 1.60 m apart;
-
distributed load of 80 kN/m in both directions, starting from 0.8 m from the end axes and for an unlimited length. 
This load model provides for a load eccentricity on the track axis, depending on gauge s, to take into consideration load shift; therefore, it is independent of the type of structure and superstructure. This eccentricity is calculated based on the maximum relationship between the loads on two wheels of the same axis 

QV2/QV1=1.25
[5.2.1] 
with QV1 and QV2 vertical wheel loads on the same axis, and resulting therefore equal to s/18 with s= 1 435 mm; this eccentricity must be considered in the most unfavourable direction. 
The load distributed at the extremities of the LM71 type train must segment above the structure, going onto load only those parts that provide an increase in the contribution for the purpose of verification of this element for the effect considered. This segmentation operation shall not be made for subsequent load models SW that must always be considered acting on their entire extension. The value of the balancing factor “” to use for the Load Model LM71 in designing ordinary railways is equal to 1.1.
5.2.2.2.1.2
Load Models SW
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Figure 5.2.2 - Load Models SW
Load model SW is illustrated in Figure 5.2.2; for this load model, two distinct configurations called SW/0 and SW/2 are considered.
Load Model SW/0 illustrates the static effects produced by normal railway traffic for continuous beams (they are used only for continuous beams when more unfavourable than LM71).
Load Model SW/2 illustrates the static effects produced by heavy railway traffic. 
The surveys of both these configurations are indicated in Table 5.2.I. 
Table 5.2.I - Characteristic Load Models SW 
	Load Type 
	qvk [kN/m]
	a [m] 
	c [m] 

	SW/0 
	133
	15.0 
	5.3 

	SW/2 
	150
	25.0 
	7.0 


The value of the balancing factor “” to use for designing ordinary railways is equal to 1.1 for Load Model SW/0 and 1.0 for Load Model SW/2, respectively.
5.2.2.2.1.3
Unloaded train 
Certain particular verifications require an additional load model called "Unloaded train", represented by a uniformly distributed load of 10.0 kN/m. 
5.2.2.2.1.4
Local allocation of loads. 
Longitudinal load distribution by means of the track 
An axial load Qvi can be distributed on three consecutive rails spaced “a” uniformly apart, distributing it between the preceding, current and subsequent rail, in the following percentages 25 %, 50 %, 25 % (Figure 5.2.3). 
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Figure 5.2.3 - Longitudinal distribution of axial loads
Longitudinal load distribution by means of the rails and ballast
In general, axial loads in Load Model LM71 can be uniformly distributed in the longitudinal.
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Figure 5.2.4 - Longitudinal distribution through the ballast
	Carico su una traversa
	Load on a rail

	Superficie di riferimento
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However, for the design of special structural elements like bridge deck slabs, the longitudinal distribution of the axial load beneath the rail is indicated in Figure 5.2.4 where reference surfaces are intended as being the surfaces bearing the ballast. 
Usual design criteria are applicable for the allocation of the underlying structure. 
In particular, for slabs, unless other more accurate calculations are made, allocation can be considered to be 45° from the top slab surface to its middle level. 
Transversal load distribution of actions by means of the rails and ballast 
Unless more accurate calculations are made, for bridges with a ballast superstructure in straight track, the actions can be distributed transversally according to the diagram in Figure 5.2.5. 
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Figure 5.2.5 - Transversal distribution in straight track of actions by means of the rails and ballast. In the figure, Qh represents the centrifugal force defined in § 5.2.2.3.1 below
	superf. di riferimento
	reference surfaces


For bridges with a superstructure on ballast in curved track, with superelevation “u”, actions can be distributed transversally according to Figure 5.2.6. 
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Figure 5.2.6 - Transversal distribution in curved track of actions by means of the rails and ballast. In the figure, Qh represents the centrifugal force defined in § 5.2.2.3.1 below
	superf. di riferimento
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5.2.2.2.1.5
Distribution of vertical loads for approach embankments 
In the absence of more accurate calculations, the vertical load at the regulation level (approximately 0.70 m beneath the rail head) at the approach embankment can be assumed uniformly distributed on a width of 3.0 m. 
For this type of distributed load, the dynamic increase does not need to be applied. 
5.2.2.2.2
Loads on pavements 
Pavements not open to the public can only be used by authorised personnel. 
Accidental loads must be illustrated by a uniformly distributed load of 10 kN/m². This load must not be considered contemporary to the transit of trains and must be applied above the pavement in order to create the most unfavourable local effects. 
For this type of distributed load, the dynamic increase does not need to be applied. 
5.2.2.2.3
Dynamic effects 
Stresses and movements caused to bridge structures by static application of load models must be increased to take into account the dynamic nature of train transit. 
In the design of railway bridges, dynamic amplification effects must be evaluated as follows: 
-
for ordinary types of bridges and travel speed no greater than 200 km/h, when the frequency of the structure comes within the lune indicated in Figure 5.2.7, it is sufficient to use the dynamic factors Φ defined in this paragraph; 
-
for ordinary types of bridges, where travel speed does not exceed 200 km/h and when the structure's frequency does not come within the lune indicated in Figure 5.2.7 and in any case for non-conventional types (cable-stayed bridges, suspended bridges, long span bridges, metal bridges different from types used for railways, etc.) dynamic analysis must be done using “real” trains and control parameters specific for the infrastructure and type of traffic. 
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Figure 5.2.7 - Frequency limits no in Hz in function of the length of spans
In Figure 5.2.7 the “lune” is characterised by: 
an upper limit of:
no= 94.76 · L-0.748
[5.2.2] 
a lower limit of:
no= 80/L
per 4 m ≤ L ≤ 20 m
[5.2.3] 

no= 23.58 · L-0.592
per 20 m ≤ L ≤ 100 m
[5.2.4] 
For an unrestrained beam, subjected to bending, the first frequency can be evaluated using the formula: 

no=
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[5.2.5] 
where: δ0 represents the rise, expressed in mm, evaluated in the centre line and due to permanent actions. 
For concrete bridges δ0 must be calculated using the secant modulus of elasticity, in accordance with the brief duration of the train’s passage. 
For continuous beams, unless more precise determinations are made, L is assumed to be equal to Lφ as defined below. 
The dynamic increase factors Φ that increase the intensity of the load models defined in 5.2.2.2.1 are assumed to be equal to Φ2 or Φ3, depending on the level of maintenance of the line. In particular, it shall be assumed: 
(a)
for lines with elevated maintenance standards: 
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 with the limitation 1.00 ≤ Φ2≤ 1.67
[5.2.6]
(b)
for lines with reduced maintenance standards: 
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 with the limitation 1.00 ≤ Φ3≤ 2.00
[5.2.7]
where:
Lφ represents the “characteristic” length in metres, as defined in Table 5.2.II.
Table 5.2.II - Characteristic length Lφ
	Case
	Structural element
	Length Lφ

	Deck of steel bridge with ballast bed (Orthotropic Plate or Equivalent Structure)

	1
	Plate with longitudinal and transversal stiffeners, or longitudinal stiffeners only:
	

	
	1.1
Plate (in both directions)
	3 times the spacing of the transverse beams

	
	1.2
Longitudinal stiffeners (including brackets of up to 0.50 m)();
	3 times the spacing of the transverse beams

	
	1.3
Transverse beams: intermediate and at extremities
	2 times the span of transverse beams

	2
	Plates with transversal stiffeners only
	

	
	2.1
Plate (for both directions)
	2 times the spacing of the transverse beams +3 m

	
	2.2
Intermediate transverse beams
	2 times the span of transverse beams

	
	2.3
Transverse beams at extremities
	span of transverse beams

	Deck of steel bridge without ballast bed (for Local Tensions)

	3
	3.1
Rail supports (Longitudinal sleepers)
	

	
	- as a slatted element
	3 times the spacing of the transverse beams

	
	- as an unrestrained element
	distance between the transverse beams +3 m

	
	3.2
Rail supports with brackets (longitudinal sleepers with brackets) for transverse beams at extremities
	Φ3= 2.0, where not better specified

	
	3.3
Intermediate transverse beams
	2 times the span of transverse beams

	
	3.4
Transverse beams at extremities
	span of transverse beams

	deck of concrete bridge with ballast bed (to calculate local and transversal effects)

	4
	4.1
Upper slabs and beams of decks with box construction or grillage
	

	
	- transversally to the main beams
	3 times the span of the slab

	
	- in the longitudinal direction 
	3 times the deck span or, if lower, the characteristic length of the main beam

	
	- transverse brackets supporting railway loads: if e>0.50 m, being the distance between the external rail axis and outer edge of the most external web of the main longitudinal structure, a specific study is required. 
	3 times the distance between the webs of the main longitudinal structure

	
	4.2
Continuous slab on transverse beams (in the direction of the main beams) 
	2 times the spacing of the transverse beams

	
	4.3
Slabs for through arch bridges: 
	

	
	- laid out perpendicular to the main beams 
	2 times the span of the slab

	
	- laid out parallel to the main beams 
	2 times the slab span or, if lower, the characteristic length of the main beam;

	
	4.4
Decks with incorporated beams laid orthogonally to the track axis 
	2 times the characteristic length in longitudinal direction

	
	4.5
Longitudinal brackets supporting railway loads (for actions in longitudinal direction) 
	if e≤0.5: m Φ2=1.67; for e>0.5 m see (4.1)

	main beams 

	5
	5.1
Unrestrained beams and slabs (including large slabs with beams incorporated)
	span in the direction of the main beams

	
	5.2
Continuous beams and slabs on n spans, indicating with:
Lm =1/n . (L1+L2+.....+Ln)
	Lφ = kLm
where:
n = 2 -3 -4 -≥ 5
k = 1.2 -1.3 -1.4 -1.5

	
	5.3
Portals:
	

	
	- single span
	to consider as continuous 3 span beams (using 5.2 considering the height of the piles and length of the beam)

	
	- with multiple spans
	to consider as continuous with multiple spans (using 5.2 considering the height of the terminal piles and length of all beams)

	
	5.4
Slabs and other box elements for one or more tracks (underpass with ≤ 5.0 m height clearance and ≤8.0 m span clearance).
For boxes which do not adhere to the previous limits, point 5.3 is applicable, disregarding the presence of the lower slab and considering a reductive factor of Φ equal to 0.9, to be applied to factor Φ
	Φ2 = 1.20; Φ3 = 1.35

	
	5.5
Curved axis beams, tied arches, open arches.
	half of the span clearance

	
	5.6
Arches and series of blind arches
	twice the span clearance

	
	5.7
Suspension structures (joined with stiffener beams)
	4 times the longitudinal distance between suspension structures

	structural supports

	6
	6.1
Piles with slenderness λ>30
	sum of length of the spans adjacent to the pile

	
	6.2
Supports, calculation of contact tensions below the same and suspension rods
	length of supported elements


Dynamic expansion factors are established with reference to unrestrained beams. Length Lφ allows the use of these factors to be expanded to other structural types. 
Where the stresses acting on a structural element derive from various terms each of which belonging to a distinct structural component, each of these terms must be calculated using the appropriate characteristic length φ . 
This dynamic factor Φ must not be used with the following loads: 
· unloaded train; 
· "real" trains.
For metal bridges with direct superstructure, an additional dynamic expansion balancing factor β must be considered (inserted to take into consideration the greater dynamic increase due to the particular type of superstructure), variable exclusively in function of the characteristic length φ of the element, taken from: 
β= 1.0 per Lφ≤8 m and Lφ > 90 m
β= 1.1 per 8 m < Lφ≤90 m
For arch or box bridges, with or without large base slab, with coverage "h" increased by 1.0 m, the dynamic factor can be reduced as follows: 
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where h, in metres, is the height of the covering of the structure slab surface to the upper side of the beam. 
For structures with coverings greater than 2.50 m, a unitary dynamic expansion factor can be assumed. 
Piles with slenderness λ ≤ 30, abutments, foundations, retaining walls and earth pressures can be calculated assuming unitary dynamic factors. 
Where verifications with real trains must be performed, real dynamic factors must be associated with them. 
5.2.2.3
Horizontal variable actions 
5.2.2.3.1
Centrifugal force 
For railway bridges above which the track follows a curved path, the centrifugal force acting on the curved stretch must be considered. 
The centrifugal force is considered acting on the exterior of the curve, in a horizontal direction and applied at 1.80 m above the R.H.. 
The calculations are based on the maximum speed compatible with the layout of the line. Where the effects of Load Models SW are considered, a speed of 100 km/h is assumed. 
The characteristic value of the centrifugal force is determined in accordance with the following expression: 
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[5.2.9.b]
where:
Qtk-qtk
= characteristic value of the centrifugal force [kN -kN/m];
Qvk-qvk
= characteristic value of the vertical loads [kN -kN/m];
α
= balancing factor;
v
= speed of design expressed in m/s;
V
= speed of design expressed in km/h;
f
= reducing factor (defined below in 5.2.10);
g
= acceleration due to gravity in m/s²;
r
= radius of curvature in m.
In the case of a polycentric curve, a suitable mean value between the radii of curvature for the span in question must be assumed for the radius value r.
The centrifugal force must always be combined with the presumed vertical loads in the general load configuration, and will not be increased by dynamic factors. 
f is a reduction factor taken as a function of speed V and length Lf of loaded track. 
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[5.2.10]
where:
Lf =
influence length, in metres, of the curved part of the loaded track on the bridge, which is the most unfavourable for the general structural element design; 
f = 1 for V ≤ 120 km/h or Lf ≤ 2.88 m; 
f < 1 for 120 ≤ V ≤ 300 km/h and Lf > 2.88 m; 
f(V) = f(300) per V > 300 km/h. 
For the Load Models LM 71 and for design speeds over 120 km/h, two cases shall be considered: 
(a)
Load Model LM 71 and centrifugal force for V = 120 km/h according to the previous formulas where f = 1; 
(b)
Load Model LM 71 and centrifugal force calculated according to the previous expressions for the maximum design speed. 
In addition, for bridges located on a curve, the absence of centrifugal force must also be considered (train still). 
For Load Models LM71 and SW/0 the centrifugal action must be determined starting with equations [5.2.9] and [5.2.10] considering the values of V, α, and f set out in the following Table 5.2.II.b. 
Table 5.2.II.b - Parameters for determining centrifugal force
	Value of α
	Maximum line speed [Km/h]
	Centrifugal action based on:
	Associated vertical load

	
	
	V
	α
	f
	
	

	SW/2
	≥ 100
	100
	1
	1
	1 x 1 x SW/2
	( x 1 x SW/2

	
	< 100
	V
	1
	1
	1 x 1 x SW/2
	

	LM71 and SW/0
	> 120
	V
	1
	f
	1 x f x (LM71”+”SW/0)
	( x 1 x 1 x (LM71”+”SW/0)

	
	
	120
	α
	1
	α x 1 x (LM71”+”SW/0)
	( x α x 1 x (LM71”+”SW/0)


5.2.2.3.2
Lateral action (Hunting) 
The lateral force caused by hunting is considered to be a concentrated force acting horizontally, applied to the summit of the highest rail, perpendicular to the track axis. This action is applied on straight and curved tracks. 
The characteristic value of this force will be assumed to be equal to Qsk = 100 kN. This value must be multiplied by α, (if α>1), but not by the factor Φ. 
This lateral force must always be combined with vertical loads. 
5.2.2.3.3
Starting and braking actions 
Braking and starting forces act on the summit of the track, in the longitudinal direction of the same. These forces are to be considered uniformly distributed along a length of track L determined to obtain the most critical effect on the structural element considered. 
The characteristic values to consider are as follows: 
	start-up:
	Qla,k = 33 [kN/m] ∙ L[m] ≤ 1 000 kN
	for Load Models LM 71, SW/0, SW/2

	braking:
	Qlb,k = 20 [kN/m] ∙ L[m] ≤ 6 000 kN
	for load models LM 71, SW/0

	
	Qlb,k = 35 [kN/m] ∙ L[m]
	for Load Models SW/2


These characteristic values are applicable to all track types, with both welded tracks and jointed tracks, with or without expansion devices. 
Braking and starting action will be combined with relative vertical loads (for Load Models SW/0 and SW/2 only the parts of the structures that are loaded will be considered in accordance with Figure 5.2.2 and Table 5.2.I). 
When the rail is continuous at one or both ends of the bridge only a part of the braking and starting forces are transferred, though the deck, the bearing structures, the remaining part of these forces are transmitted, through the rails, to approach embankments. The percentage of forces transferred through the deck to the bearing structures is evaluated using the methods reported in the paragraph on static interaction effects. 
For double line bridges two trains in transit in opposite directions must be considered, one accelerating, the other braking. 
For bridges with more than two lines, the following must be considered:
-
a first track with the maximum braking force;
-
a second track with the maximum starting force in the same direction as the braking force; 
-
a third and fourth rail with 50 % of the braking force, in agreement with the above; 
-
any other tracks free from horizontal forces. 
For the unloaded train, braking and starting can be ignored. 
For load lengths over 300 m, special studies must be done to evaluate the additional requirements to take into consideration for the purpose of braking and starting effects. 
To determine braking and starting actions relating to railways other than ordinary ones (light railways, subways, narrow gauge, etc.) studies relating to the individual infrastructure type must be made. 
The characteristic values of braking and starting actions must be multiplied by α and must not be multiplied by (.
5.2.2.4
Environmental variable actions 
5.2.2.4.1
Wind action 
Wind actions are defined in § 3.3 of these Technical Specifications. 
The same specifications identify the methods for evaluating the static and dynamic effect of the action. The structures will be designed and verified in respect of these actions. 
In ordinary cases, the train is identified as a continuous level surface conventionally 4 m high from the R.H., independently of the number of trains present on the bridge. 
In the event the bridge is considered unloaded, the wind action must be considered to be acting on the noise filtering barriers, to identify the most critical situation. 
5.2.2.4.2
Temperature 
Temperature actions are defined in § 3.5 of these Technical Specifications. 
The same specifications identify the methods for evaluating the effect of the action. The structures will be designed and verified in respect of these actions. 
Non-uniform thermal variation
In addition to uniform thermal variation, a 5 °C temperature gradient is considered between the top slab and bottom of the deck in the direction to be determined on a case-by-case basis. 
In the case of a concrete open deck bridge, a 5 °C temperature difference with a linear trend in the thickness of the walls and in the two cases of higher/lower internal temperature than the external temperature is considered. 
In steel-concrete composite structure bridges, a 5 °C temperature difference between the concrete slab and the steel beam is considered. 
For piles, the effects due to thermal phenomenon and differential shrinkage are also taken into consideration. 
For the usual types of hollow piles, barring more accurate determinations, the approximate assumptions described below can be used:
-
difference in temperature between the interior and exterior of 10 °C (with interior hotter than the exterior or vice versa), considering an elastic module E, not reduced; 
-
uniform thermal variation between shaft, pile and embedded foundation slab of 5 °C (foundation slab colder than the pile and vice versa) with linear variation between the top of the foundation slab and a height to be assumed, barring more precise determinations, equal to five times the thickness of the pile wall. 
To verify the horizontal and vertical deformation of the decks, with the exclusion of comfort analysis, temperature differences of 10 °C shall be considered between the top and bottom and between the exterior side surfaces of the deck. For these temperature differences, a linear trend between the said extremities can be assumed, considering the same thermal gradients directed in one direction and in the other. 
To calculate the effects of track-structure static interaction, the following thermal effects can be considered on the track: 
-
in the absence of track expansion equipment, the thermal variation on the track can be considered zero, being non-influential for the purpose of evaluating the reactions between fixed bearings and the additional rail tensions, and not generating track-deck displacement; 
-
in the presence of track expansion equipment, thermal track temperatures of +30 °C and -40 °C compared to the track adjustment temperature are assumed. For steel decks, they must be applied at the same time with the thermal variations in the deck and with the same sign. For decks in pre-stressed concrete or steel-concrete composite decks, the least favourable condition of the combination with other actions, between the following two, needs to be considered: in the first, the thermal variation of the deck is zero, and that of the rail is the maximum (positive or negative), in the second, the thermal variation of the rail is zero, and that of the deck is the maximum (positive or negative). 
For the purpose of verifying the interaction, the maximum thermal variations between the deck compared to the temperature of the same at track adjustment can be assumed to be equal to that indicated previously, in function of the materials comprising the structure and the type of superstructure. What is expressed above finds application when track adjustment occurs in seasonable periods when the bridge is near average temperature conditions. In general, the effects of thermal gradient along the height of the deck can be considered negligible, and therefore beneficial to safety. 
5.2.2.5
Effect of static interaction between Train-Track-Structure 
For rail continuity between the bridge and approach embankment at one or more ends of the bridge (assumption in the absence of track expansion equipment at one or both ends of the bridge) the effects of interaction between the track and the structure must be considered, which induce longitudinal forces on the rail and substructure of the bridge (foundation-pile-equipment support systems, foundation-abutment-bearing structures) and longitudinal displacement between the track and deck affecting the means of connection (ballast and/or attachment). 
The above-mentioned actions must be taken into account in the design for all elements of the structure (decks, bearing structures, piles, abutments, foundations, etc.) and must not compromise the track service conditions (rail tensions, track-deck displacement). 
Consideration must be given to the track-structure interaction effects produced by:
- trains braking and starting;
- structure and track thermal variations;
- deformations due to vertical loads.
The effects of interaction produced by viscosity and shrinkage of the structures in reinforced concrete and pre-stressed concrete must be taken into account, where relevant. 
The rigidity of the bearing/pile/foundation system, to be considered to evaluate the effects of static interaction, must be calculated disregarding undermining the case of riverbed piles. 
In order to guarantee track safety in respect to the phenomena of instability due to compression and failure due to rails, as well as in respect to excessive ballast displacement, caused by its rapid deterioration, the limits must be adhered to on increasing track tensions and the relative movements between the top of the deck or embankment provided by the infrastructure operator, who shall specify the control methods and parameters in function of the infrastructure characteristics and type of superstructure (rail, beams, attachments) and the presence or absence or ballast. 
Track safety verification shall be conducted considering the characteristic combination (SLE), using ψoi=1.0 for thermal action factors. 
5.2.2.6
Aerodynamic effects associated with the passage of trains 
The passage of trains induces waves of pressure and depression on the surfaces located near the railway line (for example noise filtering barriers), as shown in the diagrams below. 
The actions can be illustrated by equivalent loads acting on areas near the front or back end of the train in cases where, because of line speed, significant dynamic amplifications are not established because of the behaviour of the structural elements affected by aerodynamic actions. They must be used for the barrier design and relative support structures (edging, slabs, foundations, etc.). 
Equivalent loads are considered characteristic values of actions. 
In any case, aerodynamic actions must be combined with the action of the wind as indicated in point 5.2.3.3.2. 
5.2.2.6.1
Vertical surfaces parallel to the track 
The characteristic values of the action ± q1k relative to vertical surfaces parallel to the track are provided in Figure 5.2.8 in function of the distance to ag from the nearest track axis. 
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Figure 5.2.8 - Characteristic values of the actions q1k for vertical surfaces parallel to the track
The above-mentioned values are relative to trains with unfavourable aerodynamic shapes; for favourable aerodynamic shapes, these values must be corrected by means of factor k1, where:
k1 = 0.85 for trains made up of carriages with rounded outlines;
k1 = 0.60 for aerodynamic trains.
If the height of a structural element (or part of the surface of influence) is ≤1.0 m or if the width is ≤2.50 m, the action q1k must be increased by factor k2 =1.3.
5.2.2.6.2
Horizontal surfaces above the track 
The characteristic values of the action ± q2k, relative to horizontal surfaces above the track are provided in Figure 5.2.9 in function of the distance hg from the lower surface of the structure from R.H. 
The width of load application for the structural elements to consider is extended up to 10 m from each side starting from the centre of the track. 
For trains transiting in two opposite directions, the actions are added together. Where there are a number of tracks, only two tracks are considered. 
Action q2k is also reduced by factor k1, in accordance with § 5.2.2.6.1 above. 
The actions acting on the edge of beam-like elements that cross the tracks, such as footbridges, can be reduced with a factor equal to 0.75 for a length of up to 1.50 m.
5.2.2.6.3
Horizontal surfaces adjacent to the track
The characteristic values of the action ± q3k relative to horizontal surfaces adjacent to the track are provided in Figure 5.2.10, and are applied independently from the aerodynamic shape of the train.
For all positions the length of the design surface, q3k is determined as a function of the distance ag from the nearest track axis. The actions will be combined, if there are tracks on both sides of the structural element to calculate.
If the distance hg exceeds 3.80 m action q3k can be reduced by factor k3:
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 by 3.8 m < hg < 7.5 m;
k33 = 0 by hg ≥ 7.5 m
where hg represents the distance from the R.H. to the lower surface of the structure. 
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Figure 5.2.9 - Characteristic values of the actions q2k for horizontal surfaces above the track
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Figure 5.2.10 - Characteristic values of the actions q3k for horizontal surfaces adjacent to the track
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5.2.2.6.4
Structures with multiple vertical or horizontal or inclined surfaces by the side of the track 
The characteristic values of action ± q4k are provided in Figure 5.2.11 and are applied orthogonally to the surface considered. The actions are determined in line with § 5.2.2.6.1 above, adopting a dummy distance of the track equal to 

a'g = 0,6 min ag + 0.4 max ag
[5.2.10] 
Min distances ag, max ag are shown in Figure 5.2.11. 
Where max ag> 6 m max ag= 6.0 m is used 
Factors k1 and k2 are the same as set out in § 5.2.2.6.1 above. 
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Figure 5.2.11 - Definition of the max ag and min ag distance from the track axis
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5.2.2.6.5
Surfaces that wholly surround the track for lengths less than 20 m 
In this case, all actions are applied independently of the aerodynamic shape of the train in the following way:
-
vertical surfaces ± k4 ∙ q1k, for the entire height of the element, with q1k determined in accordance with point 5.2.2.6.1 and k4 = 2; 
-
on horizontal surfaces ± k5 ∙ q2k, with: 
q2k determined in accordance with point 5.2.2.6.2; 
k5 = 2.5 if the structure encapsulates a single track; 
k5 = 3.5 if the structure encapsulates two tracks. 
5.2.2.7
Hydrodynamic actions 
Hydraulic actions on the piles located in riverbeds are calculated in accordance with the prescriptions of § 5.2.1.2 taking into consideration, in addition to the direction and shape of the pile, also the effects of local riverbed modifications, for example, undermining. 
5.2.2.8
Seismic actions 
The prescriptions of § 3.2 and § 7.9 must be complied with for seismic actions. 
To determine the effects of these actions, as a rule, reference shall be made to the only masses corresponding to dead weights and permanent loads and considering the quasi-permanent value corresponding to railway traffic loads with a factor 2 = 0.2 . 
5.2.2.9
Accidental actions 
Accidental actions to consider in the design are evaluated based on indications set out in § 3.6 generally and § 3.6.3.1 in particular. 
With reference to § 3.6.3.1, it is noted that the actions of collisions on the horizontal structural elements above the road are to be used for verification of the general safety of the deck on the whole, intended as a rigid body (raising/tipping); if such events happen, localised damage to the structural elements that do not cause the deck to collapse are permitted. 
Also in the context of accidental actions, those reported in the paragraphs below must be considered. 
5.2.2.9.1
Failure of the catenary cable 
The possibility of the catenary cable failure in the most unfavourable part of the structure of the bridge must be considered. The force transmitted to the structure following a similar event is considered as a static force of nature acting in a parallel direction to the axis of the track, of an intensity equal to ± 20 kN and applied on the supports to the portion of wire. 
Depending on the number of tracks present on the structure the simultaneous rupture is estimated as: 
1 catenary cable
for bridges with one track; 
2 catenary cables
for bridges with between 2 and 6 tracks; 
3 catenary cables
for bridges with more than six tracks. 
During the verifications, the chains considered broken will be those which determine the least favourable effect. 
5.2.2.9.2
Derailment above the bridge 
In addition to considering vertical load models for rail traffic, in order to perform verifications on the structure, the alternative possibility of a train or heavy carriage derailing must be taken into account, examining separately the two following design situations: 
Case 1:
Two vertical linear loads are each considered qA1d= 60 kN/m (including the dynamic effect). 
Transversally, the loads are S (track gauge) apart and can assume all the positions between the limits shown in Figure 5.2.12. 
For this condition, local damages are tolerated, as they can easily be repaired, while damages to main supporting structures should be avoided. 
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Figure 5.2.12 - Case 1
	scartamento
	gauge

	max 1.5 s
	max. 1.5 s


Case 2:
A single linear load qA2d=80 kN/m × 1.4 is considered extended by 20 m and laid out with maximum eccentricity, external side, of 1.5 s with respect to the axis of the track (Figure 5.2.13). For this conventional load condition the overall stability of the structure will be verified, as will the tipping of the deck, the collapse of the slab, etc. 
For metal decks with direct superstructure, Case 2 must be considered only for general verifications. 
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Figure 5.2.13 - Case 2
	scartamento
	gauge
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	max. 1.5 s


5.2.2.9.3
Derailment below the bridge 
In the positioning of structural elements adjacent to the railway, with the exception of artificial tunnels with curtain wall, it must be taken into account that for an area of width of 3.5 m measured crosswise from the axis of the nearest track, building is prohibited.
At distances greater than 4.50 m, the building of isolated pillars is permitted. For intermediate distances, structural elements with increasing rigidity must be provided as the distance of the track decreases. 
Actions produced by the derailed train on vertical support elements adjacent to the railway bed are shown in § 3.6.3.4. 
5.2.2.10
Indirect actions 
5.2.2.10.1
Distortions 
Distortions, such as subsidence, caused artificially or naturally, are to be considered permanent actions. For reinforced concrete, pre-stressed concrete, and composite structures, their effects are to be evaluated taking into account the phenomena of viscosity. 
5.2.2.10.2
Shrinkage and viscosity 
The factors of final shrinkage and viscosity, unless tested directly, are those indicated in § 11.2.10.6 and § 11.2.10.7, respectively. 
When the width of the joints and the travel of the bearing structures need to be calculated, the effects of shrinkage and viscosity must be evaluated increasing the values by 50 % as referred to in the previous paragraph. 
In the design of piles for a railway viaduct, the differential shaft-foundation shrinkage (shaft-pile cap) must be considered, considering a partially seasoned plinth (pile cap), which has not exhausted its deformation from shrinkage. Consequently, a differential shrinkage value of 50 % of the long-term shrinkage can be considered, considering a conventional elasticity module for the concrete of 1/3 of that measured.
5.2.2.10.3
Parasite resistances in bearings 
In calculating the piles, abutments, foundations, and the actual bearing structures, and, if applicable, the deck, the forces that derive from the parasite resistances of bearings must be considered. The forces caused by the parasite resistance of bearings shall be expressed in function of the bearing type and bearing system of the deck. 
5.2.3.
PARTICULAR PRESCRIPTIONS FOR VERIFICATIONS 
5.2.3.1
Combination of load trains and actions derived from them for more than one track 
5.2.3.1.1
Number of tracks 
Unless otherwise prescribed in the design, each bridge must be designed for the highest number of tracks geometrically compatible with the length of the deck, without regard to the number of tracks actually present. 
5.2.3.1.2
Number of trains at the same time 
In the design of bridges, the potential presence of more than one train at the same time, as shown in Table 5.2.III shall be considered, considering, in general, both normal and heavy traffic. 
Table 5.2.III - Mobile loads in function of the number of tracks on the bridge 
	Number of tracks
	Tracks Loads
	Traffic
	traffic
	Heavy traffic (2)

	
	
	case a(1)
	case b(1)
	

	1
	First
	1.0 (LM 71”+”SW/0)
	-
	1.0 SW/2

	
	First
	1.0 (LM 71”+”SW/0)
	-
	1.0 SW/2

	2
	second
	1.0 (LM 71”+”SW/0)
	-
	1.0 (LM 71”+”SW/0)

	
	First
	1.0 (LM 71”+”SW/0)
	0.75 (LM 71”+”SW/0)
	1.0 SW/2

	≥3
	second
	1.0 (LM 71”+”SW/0)
	0.75 (LM 71”+”SW/0)
	1.0 (LM 71”+”SW/0)

	
	Other
	-
	0.75 (LM 71”+”SW/0)
	-


(1 ) LM71 “+” SW/0 means considering the most unfavourable of trains LM 71, SW/0 
(2 ) Except in cases where it is explicitly excluded 
For structures with three or more tracks, two distinct conditions must be considered: the first which provides for only two tracks loaded (first and second) considering the most critical effects between case "a" and heavy traffic; the second which provides for all tracks loaded with the scope of the load corresponding to the fixed load in case "b". 
"First" track is intended as the track carrying the heaviest train for the maximum effects on the structure. "Second" track is intended as the track carrying the second train to have the maximum effects on the structure jointly with the first; therefore the "first" and "second" track can also not be adjacent on bridges with three or more tracks. 
Where the second train is present or, where applicable, subsequent trains, it reduces the effect in question, they are not considered present. 
All the effects of actions should be determined with loads and forces set out in the most unfavourable positions. Actions that produce favourable effects will be ignored (with the exception of cases where trains with load SW are considered, which must be considered, to apply the entire extension of the load). 
5.2.3.1.3
Traffic loads - characteristic values of actions combined in group loads at the same time 
The effects of vertical loads caused by the presence of trains is always combined with other actions deriving from rail traffic, using the factors indicated in Table 5.2.IV. 
The vertical load, in the case of bridges with more than one track, is the load obtained by the trains specified in Table 5.2 III. 
In evaluating the effects of interaction, for the actions consequent to application of railway traffic loads, the same partial factors of loads that generate them are used. 
The values in parentheses indicated in Table 5.2.IV are assumed when the action is favourable in regard to the verification that is being done. 
Table 5.2.IV - Evaluation of traffic loads
	LOAD TYPE
	Vertical actions
	Horizontal actions
	Comments

	Load groups
	Vertical load (1)
	Unloaded train
	Braking and starting
	Centrifuge
	Hunting
	

	Group 1 (2)
	1.0
	-
	0.5 (0.0)
	1.0 (0.0)
	1.0 (0.0)
	maximum vertical and lateral action

	Group 2 (2)
	-
	1.0
	0.0
	1.0 (0.0)
	1.0 (0.0)
	lateral stability

	Group 3 (2)
	1.0 (0.5)
	-
	1.0
	0.5 (0.0)
	0.5 (0.0)
	maximum longitudinal action

	Group 4
	0.8 (0.6;0.4)
	-
	0.8 (0.6;0.4)
	0.8 (0.6;0.4)
	0.8 (0.6;0.4)
	Cracking

	(1) Including all the values (F; a; etc.)

	(2) Two or three entire characteristic values occurring at the same time (assumption of various factors equal to 1.0), although improbable, has been considered as simplification for Load Groups 1, 2 and 3 without this having significant design consequences.
The values shown in grey represent the dominant action.


Group 4 is to be considered exclusively for cracking verifications. The values shown in parenthesis are assumed equal to: (0.6) for decks with two loaded tracks and (0.4) for decks with three or more loaded tracks. 
5.2.3.1.4
Rare and frequent values of railway traffic loads 
Actions deriving from each of the load groups defined in Table 5.2.IV are intended as a single characteristic action to use in defining rare and frequent values.
5.2.3.1.5
Quasi-permanent values of railway traffic loads 
Quasi-permanent values of railway traffic loads can be assumed to be equal to zero except for seismic combinations. 
5.2.3.1.6
Railway traffic loads in transitory situations 
In design verifications for transitory situations due to maintenance on tracks or the bridge, the characteristic values of traffic loads, case by case, shall be agreed with the railway authority. 
5.2.3.2
Verifications of ULS and SLS 
5.2.3.2.1
Requirements concerning ULS 
For ultimate limit states, the partial factor values  in Table 5.2.V and the combination factors  in Table 5.2.VI are used. 
Table 5.2.V- Partial safety factor for ULS load combinations
	Factor
	EQU(1)
	A1 
	A2 

	Permanent actions
	favourable unfavourable 
	γG1
	0.90
1.10
	1.00
1.35
	1.00
1.00

	Non-structural permanent actions(2)
	favourable unfavourable 
	γG2
	0.00
1.50
	0.00
1.50
	0.00
1.30

	Ballast(3)
	favourable unfavourable 
	γB
	0.90
1.50
	1.00
1.50
	1.00
1.30

	Variable traffic loads(4)
	favourable unfavourable 
	γQ
	0.00
1.45
	0.00
1.45
	0.00
1.25

	Variable actions
	favourable unfavourable 
	γQi
	0.00
1.50
	0.00
1.50
	0.00
1.30

	Pre-compression
	favourable unfavourable 
	γP
	0.90
1.00(5)
	1.00
1.00(6)
	1.00
1.00

	Unanticipated shrinkage, viscosity and subsidence 
	favourable unfavourable 
	γSub
	0.00
1.20
	0.00
1.20
	0.00
1.00


(1)Equilibrium not involving deformability parameters and resistance to the ground; otherwise the values in column A2 are applicable.
(2)In the event the intensity of non-structural permanent loads, or one part of the same (for example, permanent bearing loads), is well defined in the design stage, for the said loads or for the part that is known, the same factors valid for permanent actions can be used.
(3) When significant variations in load are foreseen due to the ballast, it must be taken into account explicitly in the individual verifications. 
(4) The components of traffic loads are introduced in combination considering one of the load groups in Table 5.2.IV. 
(5)1.30 for instability in structures with external pre-compression 
(6)1.20 for local effects 
In Table 5.2.V the meaning of the symbol is as follows: 
γG1
partial factor of the dead weight of the structure, the earth and water, where applicable; 
γG2
partial factor of dead weight of non-structural elements; 
γB
partial factor of dead weight of the ballast; 
γQ
partial factor of variable traffic loads; 
γQi
partial factor of variable actions 
γP
partial factor of actions from pre-compression
γCed
partial factor of unanticipated shrinkage, viscosity and subsidence. 
Table 5.2.VI - Combination factors Ψ of actions
	Actions
	
	ψ0
	ψ1
	ψ 2

	Individual actions
	Load on approach embankments
	0.80
	0.50
	0.0

	from traffic
	Aerodynamic actions generated by the transit of trains
	0.80
	0.50
	0.0

	
	gr1
	0.80(2)
	0.80(1)
	0.0

	Groups of
	gr2
	0.80(2)
	0.80(1)
	-

	load
	gr3
	0.80(2)
	0.80(1)
	0.0

	
	gr4
	1.00
	1.00(1)
	0.0

	Wind actions
	FWk
	0.60
	0.50
	0.0

	Actions from
	in the execution stage
	0.80
	0.0
	0.0

	snow
	ULS and SLS
	0.0
	0.0
	0.0

	Thermal actions
	Tk
	0.60
	0.60
	0.50


 (1) 0.80 if only one track is loaded, 0.60 if two tracks are loaded and 0.40 if three or more tracks are loaded. 
(2) When wind action is assumed as a basic action, factors ψ0 relative to load groups of traffic loads are assumed to be equal to 0.0. 
5.2.3.2.2
Requirements concerning SLS 
The trim of a structure, to be evaluated based on the load combinations set out in this standard must be compatible with the geometry of the structure in relation to the needs of the trains. 
For serviceability limit states, the partial factor values in Table 5.2.VI are used. 
Where necessary in the event of railway traffic load groups defined in Table 5.2.IV individual actions can be considered with the combination factors indicated in Table 5.2.VII.
Table 5.2.VII - Additional combination factors Ψ of actions
	
	Actions
	ψ0
	ψ1
	ψ2

	Individual traffic loads
	Load train LM 71
	0.80(3)
	(1)
	0.0

	
	Load train SW/0
	0.80(3)
	0.80
	0.0

	
	Load train SW/2
	0.00(3)
	0.80
	0.0

	
	Unloaded train
	1.00(3)
	-
	-

	
	Centrifuge
	(2) (3)
	(2)
	(2)

	
	Lateral action (Hunting)
	1.00(3)
	0.80
	0.0


(1) 0.80 if only one track is loaded, 0.60 if two tracks are loaded and 0.40 if three or more tracks are loaded. 
(2) The same factors ψ used for loads that cause the same actions are used. 
(3) When wind action is assumed as a basic action, factors ψ0 relative to load groups of traffic loads are assumed to be equal to 0.0. 
For the evaluation of interaction effects, the same factors ψ used for actions that cause these interactions are used, which are: temperature, vertical loads from railway traffic, braking. 
In any case, aerodynamic actions must be combined with the action of the wind. The resulting action must be greater than a minimum value, function of the line speed and however of 1.5 kN/m² both for the verification of SLS (characteristic combination) and in the verification of ULS with γQ = 1.00 and γQi=1.00. 
5.2.3.2.2.1
Serviceability limit states for the safety of railway traffic 
Vertical deck acceleration 
This verification is required for structures where the operational speed is higher than 200 km/h or when the frequency of the structure is not included in the limits indicated in Figure 5.2.7. The verification, where necessary, must be conducted considering real trains. 
In the absence of further specifications, for bridges with superstructure on ballast, vertical accelerations over 3.5 m/s2 should not be recorded in the frequency range from 0 to 20 Hz. 
Torsional deformations of the deck 
The torsion of the deck bridge is calculated considering the load train LM 71 increased by the corresponding dynamic factor.
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Figure 5.2.14 - Admissible twist
The peak twist, measured on a length of 3 m and considering the rails joined to the deck (Figure 5.2.14), must not exceed the following values: 
for
V ≤ 120 km/h;
t ≤ 4.5 mm/3 m 
for
120 < V ≤ 200 km/h;
t ≤ 3.0 mm/3 m 
for
V > 200 km/h;
t ≤ 1.5 mm/3 m 
For speed V > 200 km/h verification must be made that real trains, multiplied by the relative dynamic increase, is t ≤ 1.2 mm/3 m. 
In the absence of additional specifications, the overall twist due to track geometry (transition curve) and twist due to deformation of the deck, must in any case not exceed 6 mm/3 m. 
Inflection of the horizontal level of the deck 
Considering the presence of the load train LM 71, increased by the corresponding dynamic factor, the action of the wind, the lateral force (hunting), the centrifugal force and the effects of linear temperature variations between the two sides of the deck established in § 5.2.2.4, the deflection in the horizontal level of the deck must not produce: 
-
an angular variation greater than that shown in Table 5.2.VIII; 
-
a horizontal radius of curvature lower than the values shown in the same table. 
Table 5.2.VIII - Maximum angular variation and minimum radius of curvature
	Speed
[km/h]
	Maximum angle variation
	Minimum radius of curvature

	
	
	Single span
	More than one span

	V ≤ 120
	0.0035 rd
	1 700 m
	3 500 m

	120 < V ≤ 200
	0.0020 rd
	6 000 m
	9 500 m

	200 < V
	0.0015 rd
	14 000 m
	17 500 m


The radius of curvature, in the case of simple bearing decks, is given by the following expression: 
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[5.2.11]
where δh represents the horizontal rise. 
The horizontal rise must also include the effect of the deformation of the bridge substructure (piles, abutments and foundations), where unfavourable to the verification. 
5.2.3.2.3
Verifications of the fatigue limit state 
For structures and structural elements that have details sensitive to phenomena of fatigue, opportune verifications in regards to this phenomenon are conducted. 
Verifications shall be conducted considering suitable load spectra. The determination of the effective load spectrum to be considered in verification of the bridge must be done based on the functional characteristics and use of the railway infrastructure it belongs to. 
5.2.3.2.4
Verifications of the cracking limit state 
To ensure the functionality and durability of structures, a cracking limit state is predetermined, related to the environmental conditions and inspection access, and to the susceptibility of the reinforcements. These verifications are conducted for Group 4 traffic loads, Table 5.2.IV.
CHAPTER 6.
GEOTECHNICAL DESIGN
 TC " CHAPTER 6 - GEOTECHNICAL DESIGN" \f C \l "1" 
6.1.
GENERAL 
6.1.1.
SCOPE 
This chapter regards the geotechnical considerations of the design and execution of the structures and measures that interact with the ground, and, in particular, it regards:
−
foundation structures; 
−
supporting structures; 
−
underground structures; 
−
structures and engineering structures of loose natural materials or materials of other origin; 
−
sides of excavation; 
−
consolidation; 
−
improvement and reinforcement of ground and rocks; 
−
consolidation of existing structures.
This chapter also regards the safety of natural slopes and the feasibility of measures that have repercussions on large areas. 
6.1.2.
GENERAL PROVISIONS 
Design decisions must take into account the expected performances of the structures, the geological characteristics of the site and environmental conditions. The results of the study for the geological characterisation and modelling, derived from specific investigations, must be set out in a dedicated geological report as stated in § 6.2.1. 
The design analyses must be based on geotechnical models derived from specific investigations defined by the designer based on the type of structure or measure and the expected execution methods. 
The design decisions, the investigation programme and results, geotechnical characterisation and modelling as stated in § 6.2.2, together with the analyses for geotechnical sizing of the structures and the description of the construction stages and methods must be illustrated in a dedicated geotechnical report.
6.2.
ARTICULATION OF THE DESIGN 
The design of structures and measures is articulated in the following stages:
1.
geological characterisation and modelling of the site;
2.
choice of the type of structure or measure and plan of geotechnical investigations;
3.
physical-mechanical characterisation of the grounds and rocks present in significant volume and definition of the geotechnical models of the ground (see § 3.2.2);
4.
definition of the construction stages and methods;
5.
safety and performance tests
6.
programme of control and monitoring activities.
6.2.1.
GEOLOGICAL CHARACTERISATION AND MODELLING OF THE SITE
The geological model of reference is the conceptual reconstruction of the evolutionary history of the area of study, through the description of the genetic uniqueness of the different soils present, the dynamics of various lithological terms, reciprocal juxtaposition reports, tectonic occurrences and the action of different morphogenetic agents.
The geological characterisation and modelling of the site must include the reconstruction of the lithological, stratigraphic, structural, hydrogeological, geomorphological characteristics and, more generally, the geological danger of the land, described and summarised by the geological model of reference.
In function of the type of structure, measure and the complexity of the geological context in which the structure appears, specific investigations will be aimed at the documented reconstruction of the geological model. 
The geological model must be developed in such a way to constitute the element of reference for the designer to identify the geotechnical problems and to define the programme of geotechnical investigations.
The geological characterisation and modelling of the site must be comprehensively set out and annotated in a geological report, which is an integral part of the design. Based on specific findings and investigations, this report includes the identification of the formations present at the site, the study of lithological types, the structure of the ground and physical characteristics of masses, defines the geological model of the ground, illustrates and characterises stratigraphic, structural, hydrogeological, geomorphological considerations, as well as subsequent levels of geological hazards.
6.2.2.
INVESTIGATIONS, CHARACTERISATION AND GEOTECHNICAL MODELLING 
Geotechnical investigations must be planned in function of the type of structure and/or measure, they must regard the significant volume and, in the presence of seismic action, they must comply with the prescriptions set out in § 3.2.2 and § 7.11.2. Significant volume of soil is intended as the part of the ground which is directly or indirectly influenced by construction of the engineering structure and which influences the component product itself. The investigations must permit the definition of geometric models of the ground required for the design. The designer is responsible for defining the investigation, geotechnical characterisation and modelling plan.
For the purpose of the quantitative analysis of a specific problem, the geotechnical model of the ground is intended to be a scheme representative of the significant volume of the ground, divided into homogeneous units under a physical-mechanical profile, which must be characterised with reference to the specific geotechnical problem. In the geotechnical model of the ground, the regime of interstitial pressures and values characteristic of the geotechnical parameters must be defined.
The characteristic value of a geotechnical parameter is intended as a reasonable and precautionary estimate of the value of the parameter for each limit state considered. The characteristic values of physical and mechanical properties to attribute to the earth must be derived from the interpretation of specific laboratory test results on a representative sample of ground and tests and measurements in-situ.
In the evaluation of the characteristic resistance of rock masses and complex structure soils, it is necessary to take into account the geometric nature and characteristics and resistance to the discontinuities. It must also be specified whether the characteristic resistance refers to the discontinuity or rock mass.
For the verification of safety conditions and performances stated in § 6.2.4 below, the choice of characteristic values of the piezometric levels and interstitial pressures must take into account their spatial and temporal variability. 
The laboratory tests, on soils and rocks, must be conducted and certified by test laboratories pursuant to Article 59 of Presidential Decree No 380 of 6 June 2001. The laboratories indicated above are included in the list filed with the Central Technical Department of the High Council of Public Works. 
In the event of constructions or measures of modest scope, which occur in well-known areas in geotechnical terms, the design may be based on pre-existing investigations and documented tests, while the designer remains fully responsible for design assumptions and decisions. 
6.2.3.
CONSTRUCTION STAGES AND METHODS
In the design, the different execution stages must be identified to define and specific geotechnical conditions, including temporary ones, which may occur over the course of the works. These stages must be subject to specific analysis to conduct according to the criteria and procedures reported in these standards. 
6.2.4.
SAFETY AND PERFORMANCE TESTS 
The safety tests on the ultimate limit states (ULS) and serviceability limit states (SLS) shall be conducted in compliance with the general principles and procedures set out in § 2.6.
6.2.4.1
Verification of ultimate limit states (ULS) 
For every limit state due to loss of equilibrium (EQU), as defined in § 2.6.1, the following condition must be met:
Einst,d ≤ Estb,d 
where Einst,d is the design value of the destabilising action, Estb,d is the design value of the stabilising action.
Verification of the above condition must be made using the values F shown in column EQU of Table 6.2.I as partial factor for the actions. 
For every ultimate limit state that provides for resistance failure of a structural element (STR) or of the ground (GEO), as defined in § 2.6.1, the following condition must be met:

Ed ≤ Rd
[6.2.1]
with Ed being the design value of the action or the effect of the action, defined in the reports [6.2.2a] or [6.2.2b]
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and Rd is the design value of the resistance of the geotechnical system defined in the report [6.2.3]. 
	[image: image403.png]1 X,
Ry =—R[7ka;—k;ad]
Tr ™




	[6.2.3]


Effect of the actions and design resistance are expressed in [6.2.2a] and [6.2.3] respectively in function of the design actions γFFk, of the geotechnical design parameters Xk/γM and geometric design parameters ad. The partial safety factor γR acts directly on the resistance of the system. The effect of the design actions can also be directly evaluated with characteristic values of the actions as indicated by [6.2.2b] with γE = γF .
In accordance with § 2.6.1, verification of the condition [6.2.1] must be done using different combinations of partial factor groups, defined for the actions (A1 and A2), geotechnical parameters (M1 and M2) and resistances (R1, R2 and R3), respectively. 
The different groups of partial safety factors are chosen in the context of two distinct and alternative design approaches. 
In the first design approach (Approach 1) verifications are done with two different combinations of factor groups, each of which can be critical for different aspects of the same design. 
In the second design approach (Approach 2) verifications are done with a single combination of factor groups. 
For verifications on ultimate limit states not expressly addressed in the paragraphs below, from 6.3 to 6.11, Approach 1 is used with the two combinations (A1+M1+R1) and (A2+M2+R2). The partial factors for the Group R1 are always unitary; those of group R2 can be greater than or equal to the unit and, in the absence of specific indications for the ultimate limit state considered, they must be selected by the designer in relation to the uncertainties associated with the procedures used.
6.2.4.1.1
Actions 
The partial factors γF relative to the actions are indicated in Table 6.2.I. They must be referenced in line with the provisions provided in § 2.6.1. It must, however, be intended that the ground and water constitute permanent loads (structural) when, in the model used, they contribute to the behaviour of the structure with their characteristics of weight, resistance and rigidity.
In evaluating the combination of actions, the combination factors ψij must be assumed as specified in Chapter 2. 
This is, however, subject to the provisions of the Decree of the Minister of Infrastructure and Transportation of 26 June 2014 “Technical Standards for the design and construction of containment structures (dams and weirs)”, where applicable
Table 6.2.I – Partial factors for actions or the effect of actions
	
	Effect 
	Partial Factor γF (or γE)
	EQU
	(A1) 
	(A2) 

	Permanent loads G1
	Favourable 
	γG1
	0.9
	1.0
	1.0

	
	Unfavourable 
	
	1.1
	1.3
	1.0

	Permanent loads G2 (1)
	Favourable 
	γG2
	0.8
	0.8
	0.8

	
	Unfavourable 
	
	1.5
	1.5
	1.3

	Variable actions Q
	Favourable 
	γQi
	0.0
	0.0
	0.0

	
	Unfavourable 
	
	1.5
	1.5
	1.3


(1) For permanent loads G2 Table 2.6.I is applicable. For the thrust of the earth, reference is made to factors γG1
6.2.4.1.2
Resistances 
The design value of resistance Rd can be determined: 
a)
analytically, with reference to the characteristic value of the geotechnical parameters of the ground, divided by the partial factor γM specified in Table 6.2.II below and taking into consideration, where necessary, partial factors γR specified in the paragraphs on each type of structure; 
b)
analytically, with reference to correlations with in-situ test results, taking into account partial factors γR reported in the tables contained in the paragraphs on each type of structure; 
c)
based on the direct measures on prototypes, taking into account the partial factors γR reported in the tables contained in the paragraphs relating to each type of structure. 
Table 6.2.II – Partial factors for the geotechnical parameters of the ground 
	Parameter
	Magnitude to which to apply the partial factor
	Partial factor γm
	(M1)
	(M2)

	Tangent of the angle of shear failure 
	tan ϕ′k
	γϕ
	1.0
	1.25

	Effective cohesion 
	c′k
	γc
	1.0
	1.25

	Undrained shear strength 
	cuk
	γcu
	1.0
	1.4

	Weight of unit of volume 
	γγ
	γγ
	1.0
	1.0


In the evaluation of the characteristic resistance of rock masses and complex structure soils, it is necessary to take into account the geometric nature and characteristics and resistance to the discontinuities. The design value of resistance is obtained, for case (a), applying to the unitary shear failure characteristic value (R a partial factors γ(R =1.0 (M1) and γ(R=1.25 (M2), or proceeding as set out in points b) and c) above. 
6.2.4.1.3.
Structural verifications with ground-structure interaction analysis
Analyses for structural sizing whereby the ground-structure interaction is done with the characteristic values of the geotechnical parameters, amplifying the effect of the actions with the partial factors of group A1. 
6.2.4.2
Verifications of ultimate limit states (ULS) involving hydraulics 
Geotechnical structures shall be tested for possible lifting or boiling and serviceability limit states. 
To this end, in evaluating interstitial pressures and characteristic piezometric levels, the most unfavourable conditions must be assumed, considering the possible effects of stratigraphic conditions.
For stability to lifting, the design value of the destabilising action Vinst,d, i.e. the result of the hydraulic pressure obtained considering the permanent part (Ginst,d) and variable part (Qinst,d) separately, is not greater than the combination of design values of the stabilising actions (Gstb,d) and resistances (Rd): 

Vinst,d ≤ Gstb,d + Rd
[6.2.4]

Vinst,d = Ginst,d + Qinst,d
[6.2.5] 
where
For lifting stability tests, the relative partial factors on actions are shown in Table 6.2 III. In order to calculate the design resistance Rd, these factors must be opportunely combined with those relating to the geotechnical parameters (M2). Where necessary, the resistance is calculated in accordance with the indications set out in the paragraphs below for foundations on piles for the anchorages. 
Table 6.2.III – Partial factors on actions for limit state uplift verifications
	
	Effect 
	Partial Factor 
γF (or γE)
	Uplift (UPL)

	Permanent loads G1
	Favourable 
	γG1
	0.9

	
	Unfavourable 
	
	1.1

	Permanent loads G2 (1)
	Favourable 
	γG2
	0.8 

	
	Unfavourable 
	
	1.5

	Variable actions Q
	Favourable 
	γQi
	0.0

	
	Unfavourable 
	
	1.5


(1) For permanent loads G2 Table 2.6.I. is applicable. For the thrust of the earth, reference is made to factors γG1
In mainly vertical flow conditions: 
a) in the case of a free outflow boundary, the boiling test is done by checking that the hydraulic gradient is no greater than the critical hydraulic gradient ic divided by a partial factor R = 3, if the mean hydraulic gradient is assumed as an effect of the actions, and by a partial factor R = 2 in the event the flow hydraulic gradient is considered;
b) in the presence of a load on the outflow boundary, the test is done controlling that the interstitial pressure in excess of the hydrostatic condition is no greater than the effective vertical tension calculated in the absence of filtration, divided by a partial factor R = 2.
In all other cases, the designer must evaluate the effects of the filtration forces and guarantee adequate safety levels, to be explicitly pre-set and justified. 
This is, however, subject to the provisions of the Decree of the Minister of Infrastructure and Transportation of 26 June 2014 “Technical Standards for the design and construction of containment structures (dams and weirs)”, where applicable
6.2.4.3
Verification of serviceability limit states (SLS) 
The geotechnical structures and systems set out in § 6.1.1 shall be tested for serviceability limit states. To this end, the design shall set out the prescriptions for compatible shifting and performance expectations. 
Serviceability limit states tests implicate analysis of the problem of ground-structure interaction, at the end of construction and over time, as set out in paragraph § 2.2.2. The extent of the ground-structure interaction analyses depends on the scope of the structure.
For each serviceability limit state, the following condition must be met: 

Ed ≤ Cd
[6.2.7] 
where Ed is the design value of the effect of the actions in the load combinations for the SLS specified in § 2.5.3 and Cd is the prescribed limit value of the effect of the actions. The latter must be established in function of the behaviour of the structure in elevation and all the constructions that interact with the geotechnical structures in the design, taking into account the duration of the applied loads. 
6.2.5.
USE OF OBSERVATIONAL METHOD 
The design can also make recourse to the method of observation, in cases where, due to the particular complexity of the geological and geotechnical situation and the size and scope of the structure, after extensive and in-depth investigations documented reasons for uncertainty persist, that can be resolved only in the structure execution stage.
The following procedure must be used in applying this method:
−
the limits of acceptability must be evaluated of the values of some magnitudes representative of the behaviour of the overall engineering structure-ground system; 
−
it must be demonstrated that the solution chosen is acceptable in relation to these limits; 
−
alternative solutions must be provided for, accordingly for the design, and relative economic costs defined; 
−
a suitable monitoring system must be set up during construction, with control plans, to permit the timely adoption of one of the alternative solutions provided, whenever the limits indicated are reached. 
6.2.6.
MONITORING OF THE STRUCTURE-GROUND SYSTEM 
Monitoring of the structure-ground system and measures consist of the installation of suitable instrumentation and measurement of significant physical magnitudes - such as movements, tensions, forces and interstitial pressures - before, during and/or after construction of the engineering structure. 
Monitoring has the purpose of verifying the correspondence between the design assumptions and behaviours observed, and checking the functionality of the engineering structure over time. In the context of the observational method, monitoring has the purpose of confirming the validity of the design solution adopted or, in contrary cases, of identifying the most suitable solution provided for in the design. 
Where applicable, the monitoring programme must be defined and illustrated in the geotechnical report. 
6.3.
STABILITY OF NATURAL SLOPES 
These standards are applicable to the study of natural slope stability conditions, even in the presence of seismic actions (§ 7.11.3.5), and to the design, execution and control of stabilising measures. 
6.3.1.
GENERAL PROVISIONS 
Stability studies for natural slopes requires observations and surveys of the surface, the gathering of the history of the evolution of the state of the slope and any damage that has occurred to the existing structures or infrastructures, the examination of any current movements and their geometric and kinematic characters, the collection of data on meteorological precipitation, local hydrogeological characteristics and any previous consolidation measures. Safety tests, partly in relation to structures to be built, must be based on data acquired through specific geotechnical investigations. 
6.3.2.
GEOLOGICAL MODELLING OF THE SLOPE 
The geological model of reference must represent the geological, geomorphological, structural geological and hydrogeological characteristics, with particular regard to the origin of forms and processes, different lithotypes, depositional environment, rock metamorphosis, tectonic and geological-structural styles in the area; it must, moreover, recognise and describe the critical states of a geological nature in relation to the possible processes of instability. 
The study techniques, surveys and investigations are proportional to the area, the purpose of the design and the special features of the territory and environment where the work is being done. 
6.3.3.
GEOTECHNICAL MODELLING OF THE SLOPE
Taking into account the geological and evolutionary model of the watershed, specific investigations must be planned for the geotechnical characterisation of the ground and rock mass, for the purpose of defining the geotechnical model based on which the stability conditions study is based, as well as the design of any stabilising measures. 
The investigations must be done according to the following criteria: 
−
the surface of the slope must be defined by an altimetric survey in a suitable scale and extended over a sufficiently large area uphill and downhill from the slope; 
−
the geotechnical study must define the stratigraphic succession and physical-mechanical characteristics of the ground and rock masses, the scope and distribution of interstitial pressures in the ground and in discontinuities, and any altimetric survey movements of points on the surface or at depth. 
The choice of the type of investigation and measurement, of the location of the number of verticals to explore, the position and number of ground samples to take and test in the laboratory depends on the extent of the area, the availability of information from previous investigations and the complexity of the hydrogeological and stratigraphic conditions at the site in question. 
The minimum number of verticals to investigate and measure must permit an accurate description of the stratigraphic succession of the ground affected by actual and potential collapse and, in the case of slopes affected by landslide, the identification of the shape and position on the surface or surface of existing displacement, and define the kinematic characteristics of the landslide. 
The depth and extension of the investigations must be fixed in relation to the geometric characteristics of the slope, the results of surface surveys and the more probable position of any creep surfaces. 
All the elements collected must permit the definition of a geotechnical model of the ground (see § 6.2.2) that takes into account the complexity of the stratigraphic and geotechnical situation, the presence of discontinuity and evidence of previous movements and which should be referenced for stability tests and for the design of possible stabilising measures. 
6.3.4.
SAFETY VERIFICATIONS 
Safety tests must be performed using methods that take into account the type of landslide and possible kinematism, considering the shape and position of any creep surfaces, the mechanical properties of the ground and rock masses and the interstitial pressure regime.
In the case of landslide slopes, safety verifications must be performed along the creep surfaces that best approximate that/those recognised by the investigations. 
In other cases, safety tests must be performed the length of kinematically possible creep surfaces, in a sufficient number to research the critical surface which corresponds to the lowest degree of safety. 
When conditions that do not permit a straightforward evaluation of interstitial pressures, safety studies must be done assuming the most unfavourable conditions that can reasonably be foreseen. 
Evaluation of the safety factor of natural slopes, expressed by the relationship between the available shear failure (f) and the shear tension () acting the length of the creep surfaces, must be done using both geotechnical parameters, congruent with expected or ascertained kinematism characters, and the actions taken with their characteristic values. 
The adequacy of the safety margin deemed acceptable by the designer must however be justified based on the level of knowledge achieved, the reliability of data available and the calculation model used in relation to the geological and geotechnical complexity, as well as based on the consequences of a possible landslide.
6.3.5.
STABILISING MEASURES 
The design of stabilising measures must include the complete description of the measures, the influence of construction models on stability conditions, the monitoring plan and a significant management and control plan over time for the functionality and efficacy of the provisions adopted. In any case, the scope of improvement in the safety conditions of the slope and criteria for verifying they are achieved must be defined. 
The choice of the most suitable type of stabilising measures must take into account factors promoting landslides, the assumed or actual collapse mechanism, its kinemetic characteristics and interstitial pressures of the ground. The measures design must be based on specific geotechnical models of the ground. 
The adequacy of the safety margin achieved as an effect of stabilising measures must be justified by the designer. 
In addition to evaluating the increase in safety created by the stabilising measures for the most critical collapse mechanism, safety conditions associated with other different collapse methods must be verified, as compatible with assumed measures.
6.3.6.
CONTROLS AND MONITORING 
Monitoring of a slope or landslide involves different stages of studying the design, construction and management of stabilising works and control of their functionality and durability. It refers primarily to the movements of significant slope points, on the surface and/or at depth, the control of any engineering structures present and the measurement of interstitial pressures, to be performed with a frequency and duration to permit periodic and seasonal variations to be defined. 
Control of the efficacy of stabilising measures must include the definition of the alert and alarm thresholds and measures to be implemented in the event they are exceeded. 
6.4.
FOUNDATION STRUCTURES 
6.4.1.
GENERAL DESIGN CRITERIA 
The design decisions for foundation structures must be made at the same time and congruently with those for elevated structures. 
In the case of structures located on slopes or in the vicinity of natural or artificial slopes, the overall stability must be verified of the slope in the absence and presence of the structure and any excavations, retaining measures or measures of other nature, needed for its realisation. 
The effects of the construction of the structure on adjoining engineering structures and the surrounding environment must be evaluated. 
In the case of foundations on piles, the investigations must also address the feasibility and suitability of the type of pile in relation to the characteristics of the ground and the regime of interstitial pressures. 
6.4.2.
SPREAD FOUNDATIONS 
The depth of the foundation level must be decided and justified in relation to the characteristics and performances of the structure in elevation, the characteristics of the ground and environmental conditions. 
The foundation level must be located beneath the vegetation level as well as below the stratum subject to freezing and to significant seasonable variations in water content. 
In situations where erosion or undermining by surface water run-off may occur, the foundations must be located at a depth not affected by these phenomena or must be suitably defended. 
In the presence of seismic actions, in addition to the provisions of this paragraph, spread foundations must meet the test criteria set out in § 7.11.5.3.1 below. 
6.4.2.1.
Verifications of ultimate limit state (ULS) 
Safety tests must take into account all ultimate limit states, including short- and long-term states. 
Ultimate limit states for spread foundations refer to the development of collapse mechanisms determined by the mobilisation of ground resistance and resistance failure of the structural elements that comprise the foundation. 
In the case of foundations positioned on or in the vicinity of natural or artificial slopes, the test must also be done with reference to the overall stability conditions of the slope, including the actions transmitted by the foundations in the tests. 
The verifications must be made at least for the following limit states, making certain that the condition [6.2.1] is satisfied for every limit state considered: 
▪
geotechnical type ULS (GEO) 
− collapse due to limit load of the foundation-ground system; 
− collapse due to displacement of the foundation level;
− overall stability.
▪
structural type ULS (STR) 
−
resistance failure of the structural elements. 
Verification of the overall stability must be done, analogously with the provisions of § 6.8, according to the Combination 2 (A2+M2+R2) of Approach 1, taking into account the partial factors shown in Tables 6.2.I and 6.2.II for actions and geotechnical parameters in Table 6.8.I for overall resistances.
The remaining tests must be done applying the combination (A1+M1+R3) of partial factors set out in Approach 2, taking into account the values of partial factors shown in Tables 6.2.I, 6.2.II and 6.4.I. 
In structural type ULS tests (STR), the factor γR must not be taken into account. 
Table 6.4.I – Partial factors γR for spread foundations ultimate limit states 
	Verification
	Partial factor

	
	(R3)

	Load limit
	γR = 2.3 

	Sliding 
	γR = 1.1 


6.4.2.2
Verification of serviceability limit state (SLS) 
In order to ensure that the foundations are compatible with the performance requirements of the structure in elevation (§ 2.2.2 and § 2.6.2), it must be verified that the condition [6.2.7] is met, calculating the values of movement and distortions in the load combination for the SLS specified in § 2.5.3, also taking account of the effect of the duration of the actions.
The shape, size and rigidity of the foundation structure must be established in compliance with the above-mentioned performance requirements, considering that verifications of the serviceability limit states can be more restrictive than ultimate limit states.
6.4.3.
PILE FOUNDATIONS 
A design for a pile foundation must include the selection of the type of pile and related technology and execution methods, sizing of the piles and their connecting structures, taking into account the group effects in the verifications of the ULS and verifications of the SLS. 
In addition to meeting the requirements set out § 6.2.2, geotechnical investigations must be also directed to ascertaining the feasibility and suitability of the type of pile in relation to the characteristics of the ground and the regime of interstitial pressures. 
In general, the verifications should be conducted starting from the results of the analyses between the ground and the foundation made up of piles and connecting structures (pile bedplate composite foundations) that leads to calculation of the rate of design action transferred to the ground directly by the connecting structure and that transmitted by the piles. 
In cases where the interaction is considered not significant or, however, the relative analyses are omitted, the verifications of ULS and SLS, conducted with reference to the poles only, must meet the provisions of § 6.4.3.1 and § 6.4.3.2. 
In cases where the interaction is considered significant and the relative analyses are conducted, the verifications of ULS and SLS, conducted with reference to composite foundations must meet the provisions of § 6.4.3.3 and § 6.4.3.4. 
In any case, in addition to the provisions set out in § 6.2.4.1.1 and § 6.2.4.1.2, permanent actions must include the dead weight of the pile and the effective of negative skin friction, the latter evaluated with the factors γM in the case of M1 of Table 6.2.II. 
In the presence of seismic actions, in addition to the provisions of this paragraph, pile foundations must meet the test criteria set out in § 7.11.5.3.2 below. 
6.4.3.1
Verifications of ultimate limit state (ULS) 
Safety tests must take into account all ultimate limit states, including short- and long-term states. 
Ultimate limit states for pile foundations refer to the development of collapse mechanisms determined by the mobilisation of ground resistance and resistance failure of the structural elements that comprise the foundation. 
In the case of foundations positioned on or in the vicinity of natural or artificial slopes, the test must be done with reference to the overall stability conditions of the slope, including the actions transmitted by the foundations in the tests. 
Verifications of the pile foundations must be made with reference at least to the following limit states, making certain that the condition [6.2.1] is satisfied for every limit state considered: 
▪
geotechnical type ULS (GEO) 
−
collapse due to the limit load of the piling in regard to the axial loads; 
−
collapse due to the limit load of the piling in regard to the transversal loads; 
−
collapse due to the limit load of the piling in regard to tensile axial loads; 
−
overall stability; 
▪
structural type ULS (STR) 
−
pile resistance failure; 
−
resistance failure of the pile connecting structure.
Verification of the overall stability must be done according to the Combination 2 (A2+M2+R2) of Approach 1, taking into consideration the partial factors shown in Tables 6.2.I and 6.2.II for actions and geotechnical parameters in Table 6.8.I for overall resistances.
The remaining tests must be done according to Approach 2, with the combination (A1+M1+R3), taking into account the values of partial factors shown in Tables 6.2.I, 6.2.II, 6.4.II and 6.4.VI.
In structural type ULS tests, the factor γR must not be taken into account. 
6.4.3.1.1
Resistance of axially loaded piles 
The design value Rd of the resistance is derived from the characteristic value Rk applying the partial factors γR in Table 6.4.II. 
Table 6.4.II – Partial factors γR to be applied to the characteristic vertical load resistances of the piles 
	Resistance
	Symbol
	Bearing piles
	Bored poles
	Continuous flight auger piles

	
	γR
	(R3)
	(R3)
	(R3)

	Base 
	γb
	1.15
	1.35
	1.3

	Shaft in compression 
	γs
	1.15
	1.15
	1.15

	Total (*)
	γ
	1.15
	1.30
	1.25

	Shaft in tension 
	γst
	1.25
	1.25
	1.25


(*) to apply to the characteristic resistances calculated from design load test results. 
The characteristic resistance Rk of the single pile can be calculated from:
a)
design static load tests on test piles (§ 6.4.3.7.1);
b)
analytical calculation methods, where Rk is calculated from the characteristic values of geotechnical parameters, or using empirical relationships that use the in-situ test results directly (penetration tests, pressuremeter, etc.); 
c)
design dynamic test results, at a high level of deformation, conducted on test piles (§ 6.4.3.7.1). 
In detail:
(a)
If the characteristic value of compressive resistance of the pile , Rc,k, or tensile resistance, Rt,k, is calculated from the corresponding values Rc,m or Rt,m, calculated based on the results of one or more design load tests, the characteristic value of compressive and of tensile resistance is equal to the lesser of the values obtained applying the correlation factors ξ shown in Table 6.4.III to the mean value and to the minimum value of the resistances measured, in function of the number n of load tests on test piles: 
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Table 6.4.III - Correlation factors ξ to calculate the characteristic resistance from static load test results on test piles
	Number of load tests
	1
	2
	3
	4
	≥ 5

	ξ1
	1.40 
	1.30 
	1.20 
	1.10 
	1.0 

	ξ2
	1.40 
	1.20 
	1.05 
	1.00 
	1.0 


(b)
With reference to analytical procedures that involve the use of geotechnical parameters or in-situ tests results, the characteristic value of resistance Rc,k (or Rt,k) is given by the lesser of the values obtained applying the correlation factors ξ shown in Table 6.4.IV to the mean value and minimum values of the calculated resistances Rc,cal (Rt,cal), in function of the number n of investigation vertical elements. 
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Table 6.4.IV- Correlation factors ξ for determining the characteristic resistance in function of the number of investigation vertical elements
	Number of investigation vertical elements
	1
	2
	3
	4
	5
	7
	≥ 10

	ξ3
	1.70 
	1.65 
	1.60 
	1.55 
	1.50 
	1.45 
	1.40 

	ξ4
	1.70 
	1.55 
	1.48 
	1.42 
	1.34 
	1.28 
	1.21 


Without prejudice to the need for at least one investigation vertical element for each foundation system, in the context of the same foundation system, for the purpose of counting the investigation vertical elements to choose the factors ξ in Table 6.4.IV, only the verticals along which the single investigation (survey taking undisturbed samples, penetration tests, etc.) was driven to a greater depth than the length of the piles must be taken into account to permit the complete identification of the geotechnical model of the ground. 
(c)
If the characteristic value of resistance Rc,k is calculated from the value Rc,m obtained based on the results of one or more design dynamic tests at a high level of deformation, the characteristic value of the compressive resistance is equal to the lesser of the values obtained by applying to the mean value and to the minimum value of the resistances measured the correlation factors ξ shown in Table 6.4.V, in function of the number n of dynamic tests on test piles: 
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Table 6.4.V - Correlation factors ξ to calculate the characteristic resistance from dynamic test results on test piles
	Number of load tests
	≥ 2
	≥ 5
	≥ 10
	≥ 15
	≥ 20

	ξ5
	1.60 
	1.50 
	1.45 
	1.42 
	1.40 

	ξ6
	1.50 
	1.35 
	1.30 
	1.25 
	1.25 


6.4.3.1.1.1
Resistance of an axially loaded pile group
For a pile group, verification of the condition [6.2.1] must be done based on the characteristic resistance that results from the sum of the characteristic resistances of the piles that constitute it. It will therefore be necessary to evaluate possible reductions in the resistance available as an effect of the group, taking into consideration the type of piles, the nature of the ground and the geometric configuration of the pile group. 
6.4.3.1.2
Resistance of transversally loaded piles 
To determine the design value Rtr,d of the resistance of piles subjected to transversal loading, the indications set out in § 6.4.3.1.1 are applicable, applying the partial factor γT from Table 6.4.VI are used. 
Table 6.4.VI - Partial factor γT for ultimate limit state verifications of piles subjected to transversal loading
	Partial factor (R3)

	γR = 1.3


In the event the characteristic resistance Rtr,k is evaluated based on resistance Rtr,m measured over the course of one or more static load tests on test piles, the test must be conducted reproducing the line of action of the design actions. 
In the case the characteristic resistance is evaluated based on analytical calculation methods, the factors shown in Table 6.4.IV must be selected assuming as investigation vertical elements only those that permit a complete identification of the geotechnical model of the ground in the context of the depth of the failure mechanism. 
The resistance of transverse loading of the entire foundation on piles must be evaluated taking into account the bearing conditions at the pile head determined by the connecting structure and possible reductions as an effect of the group.
6.4.3.2
Verification of serviceability limit state (SLS) 
The following serviceability limits states must be taken into account , where applicable: 
− excessive settlement or heave; 
− excessive lateral movements. 
Specifically, the values of movements and distortions in the characteristic combinations for serviceability limit states set out in § 2.5.3 must be calculated, to verify compatibility with the performance requirements of the supported structure, as prescribed in the condition [6.2.7]. The geometry of the foundation (number, length, diameter and spacing between the piles) must be established in accordance with the above-mentioned performance requirements, taking into account the effects of the spacing between the piles and considering the different mobilisation mechanisms of lateral resistance in relation to the base resistance, particularly where there are large diameter piles.
6.4.3.3
Verifications of ultimate limit state (ULS) of combination foundations 
Ultimate limit states for combination foundations refer to the development of collapse mechanisms determined by the mobilisation of ground resistance and resistance failure of the structural elements that comprise the foundation. 
In the case of foundations positioned on or in the vicinity of natural or artificial slopes, the test must be done with reference to the overall stability conditions of the slope, including the actions transmitted by the foundations in the tests. 
Verifications of the composite foundations must be made with reference at least to the following limit states, making certain that the condition [6.2.1] is satisfied for every limit state considered: 
▪
geotechnical type ULS (GEO) 
−
collapse due to the limit load of the combination foundation in regard to axial loads; 
−
collapse due to the limit load of the combination foundation in regard to transverse loads; 
−
overall stability; 
▪
structural type ULS (STR) 
−
pile resistance failure; 
−
resistance failure of the pile connecting structure. 
Verification of the overall stability must be done, analogously with the provisions of § 6.8, according to the Combination 2 (A2+M2+R2) of Approach 1, taking into account the partial factors shown in Tables 6.2. I and 6.2.II for actions and geotechnical parameters in Table 6.8.I for overall resistances.
When the condition [6.2.1] is guaranteed solely by the connecting structure in contact with the earth according to the indications set out in § 6.4.2.1, the piles can be assigned the sole function of reducing and regulating the movements. In this case, sizing of the piles must ensure verifications are met in regard to structural type ultimate limit states (ULS) for all foundation elements (connection structure and piles) and verifications of SLS according to the paragraph below. 
For vertical actions only, the condition [6.2.1] can be guaranteed by taking into account the contribution of the piles. In this case, the verification must be done for GEO type ultimate limit states of the composite foundation, both in the short and long term, obtaining the design resistance Rd of the sum of the characteristic resistances of the piles, calculated as set out in § 6.4.3.1, and the connecting structure, by dividing the total resistance by the partial factor of the bearing capacity (R3) shown in Table 6.4.I (§ 6.4.2.1). 
6.4.3.4
Verifications of serviceability limit state (ULS) of combination foundations 
Analysis of the interaction between the composite foundation has to ensure that the values of the movements and distortions are compatible with the performance requirements of the supported structure (§ 2.2.2 and § 2.6.2), in regard to the condition [6.2.7]. 
The geometry of the foundation (number, length, diameter and spacing between the piles) must be established in accordance with the above-mentioned performance requirements, taking into account the different mobilisation mechanisms of lateral resistance in relation to the base resistance, particularly where there are large diameter piles. 
6.4.3.5
Construction considerations 
The design must take into account the various considerations that can influence the structural integrity, durability and behaviour of the piles, such as relative distance, installation sequence, backflow and siphoning in the case of bored piles, compaction of the earth in the case of bearing piles, the effects of the water bed or chemical substances present in the water or earth on the conglomerate of piles placed, and the connection of the piles to connecting structures. The durability of foundation piles must be evaluated in relation to the materials placed and the specific environmental conditions of the design site.
6.4.3.6
Checking pile integrity 
In all cases where the quality of the piles depends to a significant extent on the execution process and geotechnical characteristics of the foundation ground, integrity tests must be performed. 
Integrity tests, to be performed using proven direct and indirect tests, must be done on at least 5% of the foundation piles with a minimum of two piles. 
In the event of groups of piles of large diameter (d≥80 cm), the integrity test must be performed on all the piles of each group if the group piles are fewer than or equal to 4.
6.4.3.7
Load tests 
6.4.3.7.1
Design tests of test piles 
Tests to determine the resistance of the individual pile (design test) must be done on specially made piles (test piles) which are identical, in geometry and execution technology, to those to be made, and sufficiently near to them. 
The interval of time between construction of the test pile and the start of the load test must be sufficient to ensure that the material the pile is made of develops the required resistance and that interstitial pressures of the ground return to initial values. 
If a single design static load test is conducted, it must be located where the most adverse ground conditions exist. 
The design tests must be extended to the axial load values that result in the failure of the pile-ground system or in any case to permit diagrams of the yield of the pile head as a function of the loads and times, meaningful for the purpose of evaluating the resistance. 
The bearing system must be sized to permit a test load value no lower than 2.5 times the action of the design used for verifications of serviceability limit states. 
The resistance of the pile-ground system is assumed equal to the value of the load applied corresponding to a yield of the head equal to 10 % of the diameter in the event of small and medium diameter piles (d < 80 cm), no less than 5 % of the diameter in the case of large diameter piles (d ≥ 80 cm). 
If these yield values are not reached during the test, it is possible to proceed with extrapolating the experimental curve on the condition that it shows markedly non-linear behaviour of the pile-ground system. 
For large diameter piles, static tests can be done of piles with the same length as the piles to be made, but with inferior diameter, as long as these tests are suitably motivated and interpreted for the purpose of providing useful indications for the piles to be made. In any case, the reduction in diameter cannot be greater than 50 % and must still involve a large diameter pile (d ≥ 80 cm); the test pile must be suitably instrumented to permit the separate measurement of the mobilisation curve of the lateral resistance and the base resistance. 
High deformation level dynamic tests can be performed as design tests, as long as they are suitably interpreted for the purpose of providing indications comparable to those deriving from a corresponding design static load test.
6.4.3.7.2
Tests during construction 
On foundation piles, with the exclusion of those subjected primarily to horizontal actions, static load tests must be done to check behaviour under design actions. These tests must be extended to axial loads equal to 1.5 times the design action used for verifications of SLS. 
Where there are instrumented piles for the separate measurement of the mobilisation curve of the resistances along the surface and at the base, the peak test axial load can be 1.2 times the design actions used for the verifications of SLS. 
The number and location of the load tests must be established based on the size of the structure and the degree of homogeneity of the foundation ground. In any case, for each foundation system, the overall number of tests must not be lower than: 
−
1 if the number of piles is lower than or equal to 20,
−
2 if the number of piles is between 21 and 50, 
−
3 if the number of piles is between 51 and 100, 
−
4 if the number of piles is between 101 and 200, 
−
5 if the number of piles is between 201 and 500, 
−
the integer nearest the value 5 + n/500, if the number n of piles is more than 500.
Without prejudice to the overall number of the minimum test loads indicated above, the number of static test loads can be reduced if dynamic load tests are done in their place, to calibrate with those design static tests on test piles, and if non-destructive controls are performed on at least 50 % of the piles, to verify the length and structural integrity. In any case, at least one static load test must be performed. 
For pile foundations in particularly severe environmental conditions, such as off-shore structures with high head of water, reference can be made to time proven regulatory specifications. 
6.5.
SUPPORT WORKS 
The standards are applicable to all constructions and measures to safely support a body of land or material with similar behaviour. In particular: 
−
walls, for which the function of support is entrusted to the weight of the wall and the ground directly acting on it (for example, gravity walls, cantilever walls, buttress walls); 
−
embedded walls, for which the supporting structure is primarily ensured by the resistance of the volume of earth against the structure and, where applicable, anchorages and struts; 
−
composite structures, that have the function of support also as an effect of the improvements and because of the presence of particular reinforcement and connection elements.
In the presence of seismic actions, in addition to the provisions of this paragraph, pile structures must meet the test criteria set out in § 7.11.6 below.
6.5.1
GENERAL DESIGN CRITERIA 
The choice of the type of support must be based on the sizes and functional needs of the structure, the mechanical characteristics of the location and fill earth, the regime of free water pressures, interaction with surrounding engineering structures, and the general stability conditions at the site. It must also take into account the incidence of complementary devices (such as reinforcements, drainage, tie-back systems and anchorages) and of the construction stages. 
In retaining walls, the fill against the wall must be put in place using a suitable compaction technique and must have a particle size that permits effective drainage over time. Geotextiles can be used, with separation and filtration function, to place between the location and fill earth. Drainage must be designed to be effective throughout the significant volume against the wall. 
Evaluation must be made of the effects of partial loss of efficacy of special devices such as surface and in ground drainage systems, tie-back systems and anchorages. For all these measures, a detailed control and monitoring plan must be drawn up in the event their loss of efficacy leads to risk situations. 
In the presence of pre-existing constructions, the behaviour of the supporting structure must ensure the required levels of functionality and stability. In particular, the movements of the earth behind the structures must be evaluated and their compatibility with the safety conditions and functionality of pre-existing constructions must be verified. In addition, where during the construction state or after drainage systems are adopted, a change in the free water pressures in the ground is determined, the effects must be evaluated, including in terms of stability and functionality of the pre-existing constructions. 
The geotechnical investigations must be sufficiently extensive to permit verification of the conditions of local and overall stability of the structure-ground system, also taking into account any seepage. 
The physical and mechanical characteristics of fill material must be prescribed.
6.5.2
ACTIONS 
Actions on the supporting structure are considered those caused by the dead weight of the ground and fill material, overburden, water, any pre-stressing anchorages, wave forces, impact and collision, and temperature and ice changes.
6.5.2.1
Overburden 
In evaluating the overburden of a supporting structure, account shall be taken of the presence of any constructions, material deposits, vehicles in transit, and lifting equipment.
6.5.2.2
Geometrical model of reference
The geometrical model must take into account the possible variations in the ground profile, above and below the parameter compared to the nominal values. 
Where the function of support is entrusted to the resistance of the volume of ground below the structure, the amount below must be reduced by a quantity equal to the lower of the following values:
· 10 % of the height of the ground to support in the case of overhanging structures;
· 10 % of the difference of the share between the lower level of the bearing and the bottom of an excavation in the event of constrained structures;
· 0.5 m.
The level of free surface water must be decided based on the measurements and possible evolution of the free ground water regime also linked to accidental events and possible malfunctions in the drainage systems. In the absence of special drainage systems, in verifications of the ultimate limit state, it must always be supposed that the free surface ground water is not less than the level at the summit of ground with low permeability (k < 10-6 m/s).
6.5.3
VERIFICATIONS OF LIMIT STATES 
Verifications conducted by ground-structure interaction analysis or simplified methods must always adhere to equilibrium and congruence conditions and compatibility with ground resistance criteria. It is also necessary to take into account the dependency of the earth pressures from structure movement.
6.5.3.1
Safety verifications ( ULS) 
Safety tests must take into account all ultimate limit states, including short- and long-term states. Ultimate limit states for supporting structures refer to the development of collapse mechanisms determined by the mobilisation of ground resistance and resistance failure of the structural elements that comprise the same structures. 
6.5.3.1.1
Retaining walls 
For retaining walls or other structures combined with them, the verifications must be made with reference at least to the following limit states, making certain that the condition [6.2.1] is satisfied for every limit state considered: 
▪
geotechnical type ULS (GEO) 
−
displacement of the foundation level; 
−
collapse due to limit load of the foundation-ground system; 
−
overturning;
−
overall stability of the support-ground-structure system;
▪
structural type ULS (STR) 
−
resistance failure of the structural elements.
Verification is required of the overall stability of the structure-ground system, analogously with the provisions of § 6.8, according to Approach 1 with Combination 2 (A2+M2+R2), taking into account the partial factors shown in Tables 6.2.I and 6.2.II for actions and geotechnical parameters in Table 6.8.I for safety verifications of structures involving loose materials and excavation faces. 
The remaining verifications must be done according to Approach 2, with the combination (A1+M1+R3), taking into account the values of partial factors shown in Tables 6.2.I, 6.2.II and 6.5.I. 
In overturning verifications, factors R3 in Table 6.5.I are applicable to the effects of stabilising actions. 
Table 6.5.I – Partial factors γR for verifications of retaining wall ultimate limit states 
	Verification
	Partial factor 
(R3)

	Bearing capacity of the foundation 
	γR = 1.4

	Sliding 
	γR = 1.1

	Tipping
	γR = 1.15

	Downstream soil resistance 
	γR = 1.4


In general, the assumption of the calculation of pressures must be justified based on the foreseeable movements relating to the engineering structure-ground, i.e. calculated by a ground-structure interaction analysis. The pressure must take into account the overburden and inclination of the ground level, the inclination of the parameter in respect to vertical, free water pressures and the effects of ground filtration. In calculating the pressure, the friction that develops between the wall and ground must be taken into account. The values assumed for the relative friction factor must be justified based on the nature of contact materials and the effective degree of mobilisation. 
For the purpose of verifying the translation on the foundation level of the retaining wall with superficial foundations, the contribution of the passive resistance of the ground in front of the wall does not generally need to be considered. In particular cases, that are justified with considerations relating to the mechanical characteristics of the ground and construction methods, account is taken of the rate (no higher than 50 %) of this resistance only when this contribution is assumed to be effectively permanent, and verification that the movements needed for mobilisation of that rate are compatible with the expected performance of the structure. 
In the case of combination or composite structures, verifications of overall stability must be accompanied by verifications of local stability and functionality and durability of individual elements. 
6.5.3.1.2
Embedded walls 
For embedded walls, consideration must be given at minimum to the following limit states, making certain that the condition [6.2.1] is met for every limit state considered: 
▪
ULS of geotechnical type (GEO) and hydraulic type (UPL and HYD)
−
collapse due to rotation around a point of the structure (rigid motion);
−
collapse due to vertical limit load;
−
disengagement of one or more anchorages;
−
instability of the bottom of the excavation in fine-grained ground in undrained conditions;
−
instability of the bottom of the excavation due to heave;
−
siphoning of the bottom of the excavation;
−
overall instability of the support-ground-structure system;
▪
structural type ULS (STR)
−
resistance failure in one or more anchorages;
−
resistance failure in one or more struts or contrast systems; 
−
structural resistance failure of the embedded wall. 
Verification of the overall stability of the structure-ground system must be done according to the Combination 2 (A2+M2+R2) of Approach 1, taking into account the partial factors shown in Tables 6.2.I, 6.2.II and 6.8.I. 
The verifications regarding hydraulic limit states (UPL and HYD) must be done as described in § 6.2.4.2.
The remaining verifications must be done according to Approach 1 considering the two combinations of factors: 
−
Combination 1: (A1+M1+R1) 
−
Combination 2: (A2+M2+R1) 
taking into account the partial factor values shown in Tables 6.2.I and 6.2.II, with factors R of group R1 equal to the unit.
For the embedded walls, design calculations must include verifications of any anchorages, struts or wind bracing structures.
Without prejudice to the provisions of § 6.5.3.1.1 for calculating the pressure, for friction angle values between the ground and the wall δ > ϕ’/2, account must be taken of the non-flatness of creep surfaces for the purpose of evaluating the passive resistance.
6.5.3.2
Verifications of serviceability (SLE) 
In all cases, in operating conditions, movements in the supporting structure and surrounding ground must be evaluated to verify compatibility with the functionality of the structure and with safety and functionality of the adjacent engineering structure, including after modifications affecting the free water pressure regime. 
In the presence of engineering structures particularly sensitive to movements in the supporting structure, a specific analysis of interaction between the structure and the ground must be developed, taking into account the sequence of the construction stages. 
6.6.
ANCHORAGE TIE-BACK SYSTEMS 
Anchorage tie-back systems are structural elements adequately connected to the ground, capable of sustaining tensile forces. 
6.6.1.
DESIGN CRITERIA 
For the purpose of design, anchorages are divided into temporary and permanent. 
Anchorages can be further divided into active and pre-stressed, when an initial tensile, and passive or not pre-stressed, force acts on the reinforcement. 
In the choice of the type of anchorage, account must be taken of the foreseeable stresses, the characteristics of the ground, and aggressive environmental action. 
The design must indicate the orientation length and number of anchorages, the technique and the execution tolerances; the design resistance Rad and the tension programme, where applicable. 
In the case of anchorages actively used for a permanent function, all construction measures shall be adopted needed to ensure the durability and efficacy of the system at the head of the tie-back system, especially for stranded anchorages, particular in regard to corrosion, for the entire nominal life of the structure. In addition, effective local containment devices must be incorporated into the reinforcement against possible shearing during operation.
The design must define a routine maintenance programme that can also include adjustment measures and/or replacements of anchorage devices. A monitoring plan must also be prepared to verify the behaviour of the anchorage over time.
If the anchorage function is exerted by plates, adjacent piles or similar, any overlapping between the passive zone of anchorage and the active zone against the supporting structure must be avoided. 
To evaluate resistance to disengagement of an anchorage, an initial approximation can be made using theoretical formulas or empirical correlations. Experimental confirmation with in-situ tensile tests in the design stages and during construction is always necessary. 
6.6.2.
SAFETY VERIFICATIONS (ULS) 
Safety tests must take into account all ultimate limit states, including short- and long-term states. 
Ultimate limit states for anchorage tie-backs structures refer to the development of collapse mechanisms determined by the mobilisation of ground resistance and resistance failure of the structural elements that comprise them. 
For geotechnical sizing, the condition [6.2.1] must be met, with specific reference to a limit state of foundation disengagement from the anchorage. Verifications of this condition can be done with the combination A1+M1+R3, taking into account the partial factors shown in Tables 6.2.I, 6.2.II and 6.6.I. 
Verification of foundation disengagement from the anchorage is done comparing the maximum design action Ed with the design resistance Rad , determined applying to the characteristic resistance Rak the partial factors γR shown in Table 6.6.I. 
Table 6.6.I - Partial factors for resistance to anchorages 
	
	symbol
	partial factor

	Temporary 
	γR 
	1.1 

	Permanent 
	γR
	1.2 


The characteristic value of the resistance to disengagement from anchorage Rak can be determined: 
a)
from the design test results on test anchorages; 
b)
using analytical calculations methods, of the characteristic values of the geotechnical parameters derived from in-situ and/or laboratory tests. 
In case (a), the value of characteristic resistance Rak is the lower of the values deriving from the application of the correlation factors ξa1 and ξa2 shown in Table 6.6.II respectively to the mean value and the minimum value of resistances Ra,m measured over the course of testing: 
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In case (b), the value of characteristic resistance Rak is the lower of the values deriving from the application of the correlation factors ξa3 and ξa4 shown in Table 6.6.III respectively to the mean value and the minimum value of resistances Ra,m obtained from the calculation. For the evaluation of factors ξa3 and ξa4, account must be taken that the investigation profiles are only those that permit the complete identification of the geotechnical model of the ground for the foundation ground for the anchorage. 
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In the analytical evaluation of the resistance to the disengagement of the anchorages, partial safety factors are not applied to the characteristic values of the ground resistance; reference is made therefore to the partial safety factors M1. 
Table 6.6.II - Correlation factors to derive the characteristic design test resistance, in function of the number of test anchorages
	Number of test anchorages
	1 
	2 
	> 2 

	ξa1
	1.5 
	1.4 
	1.3 

	ξa2
	1.5 
	1.3 
	1.2 


Table 6.6.III - Correlation factors to derive the characteristic geotechnical test resistance, in function of the number n of investigation profiles
	Number of investigation profiles
	1 
	2 
	3 
	4 
	≥ 5 

	ξa3
	1.80 
	1.75 
	1.70 
	1.65 
	1.60 

	ξa4
	1.80 
	1.70 
	1.65 
	1.60 
	1.55 


In test tie-backs, the stranded reinforcement of the pre-stressed steel of the free segment must be sized so the characteristic resistance to the yield limit of the free segment is always greater than the peak test draw.
6.6.3.
CONSTRUCTION CONSIDERATIONS 
Qualified systems must be used to realise the active type anchorages, as laid down in § 11.5.2. The durability and ground compatibility of the materials used for the construction of the tie-backs, as well as corrosion protection systems, must be documented.
The diameter of the holes must be no less than the nominal diameters set out in the design. 
The tie-backs must be tensioned in compliance with the design programme. In any case, tensioning can only start after the setting and hardening phenomena of the material making up the anchorage foundation have been in practice exhausted. 
6.6.4.
LOAD TESTS 
6.6.4.1.
Design tests on preliminary anchorages 
Preliminary test anchorages (design anchorages) - subjected to more stringent stresses than those in verification and not used for the subsequent use - must be made with the same construction system as the final anchorages, at the same site and under the same environmental conditions. 
The preliminary test anchorages must be made after operations, such as excavations and retaining, that can influence the bearing capacity of the foundation. 
In the evaluations, account shall be made of the variations in the resistance to disengagement over time, as an effect of the viscous behaviour of the ground and materials that constitute the anchorage. 
The number of design tests must not be lower than a: 
−
1 if the number of anchorages is lower than 30, 
−
2 if the number of anchorages is between 31 and 50, 
−
3 if the number of anchorages is between 51 and 100, 
−
7 if the number of anchorages is between 101 and 200, 
−
8 if the number of anchorages is between 201 and 500, 
−
10 if the number of anchorages is more than 500.
6.6.4.2.
Load tests on anchorages during construction
Load tests during construction must be conducted on all anchorages to check behaviour under design actions. The test consists in the application of a simple load and unload cycle; in this cycle the tie-back is subjected to a force equal to 1.2 the design action Pd used for verifications of SLS, verifying that the elongations measured are within the set limits and/or compatible with the measurements on preliminary test anchorages. 
6.7.
UNDERGROUND STRUCTURES 
These standards define the technical procedures for the design and construction of underground structures such as tunnels, caverns and wells, which are constructed entirely in the ground after coordinated operations to remove the earth and/or rock and execute any measures necessary to stabilise the cavity in the short and long term, as well as final backing.
6.7.1.
GENERAL PROVISIONS 
Because of their particular nature, the design of underground constructions must be developed paying particular attention to the definition of the geological model and geotechnical model of reference.
The design approach adopted must provide for the use of methods to prevent or control, in the execution stages, the effects linked to the variation in the pre-existing tensile state of the earth and/or rock mass, and the variation in the hydraulic regime in the ground around the cavity as a result of the excavation operations. In particular, the stability conditions in the cavity at the completion of the structure must be demonstrated, in relation to the conditions and characteristics of the site, as well as the consequences that can however develop in the surrounding environment. To this end, closely depending on the results of the geological and geotechnical investigations, the product must specify and adequately justify: 
−
geometry, location (for point works such as caverns and wells) and tracing of the structure (for linear structures such as tunnels);
−
excavation methods and techniques, whether traditional or mechanised; 
−
any stabilising measures (such as improvement and reinforcement of the earth and rock mass) to adopt on the face and walls of the excavation, backing structures, initial stage or final, and any structures to protect the mouths;
−
means and methods to intercept underground water and control free water pressures;
−
provisions to prevent triggering and/or reactivation of any landslide phenomena, particularly for embedded wall tunnels and in areas near the mouth;
−
elements useful for defining measures in the excavation methods and techniques, measures, plans and safety standards, also in reference to particular risk situations due to the presence of toxic or explosive gas, or cavities (natural and artificial) or sudden inflows of water; 
−
problems relating to the planting of materials resulting from excavations, including identification of any inertisation measures that become necessary, in relation to the nature of the materials. 
6.7.2.
GEOLOGICAL CHARACTERISATION 
The scope and depth of the studies and the investigations of a geological type must be related to the geological complexity, the environmental vulnerability of the site, the position and size of the structure. 
The geological model of reference must describe the general geological characteristics of the earth and rock mass affected by the excavations indicating the nature and geometric distribution of the lithotypes and structural characteristics, paying particular attention to recognising the contact between the base and the covering formation, stratigraphic contacts, faults at or near the structure and other discontinuities. Seismotectonic characteristics and susceptibility to landslides in the design area, particularly relevant for hillside tunnels and for areas near the mouth, and the presence of any water filled cavities must be reported. 
Assessments must also regard hydrogeological conditions, the characteristics of water-bearing stratum present in the area, as well as environmental risks due to the presence of toxic and explosive gas, and harmful minerals. 
6.7.3.
CHARACTERISATION AND GEOTECHNICAL MODELLING 
Specific in-situ and laboratory investigations must permit the physical-mechanical characterisation of the earth and rock both at the level of the volume element as well as the level of mass. Where necessary, the characterisation must be aimed at evaluating the pressures and/or swelling potential and the mechanical characteristics along the discontinuities. The free water pressure regime and the presence of any filtration action must also be assessed.
The geotechnical model of the ground must permit design analysis and the safety verifications set out in § 6.7.5 to be conducted. To this end, areas that are homogeneous in physical-mechanical terms and represent the free water regime in the ground in the excavation area must be highlighted. Moreover, the physical-mechanical characterisation of materials must be adequate for the analytical and/or numerical procedures required.
In the event the design references the "observational method", investigations and supplementary tests can be done during construction where the evaluation required of the significant parameters is chosen from among the alternative solutions already identified in the design. 
6.7.4.
DESIGN CRITERIA 
Based on the geotechnical model of the ground, the design must include the quantitative provision of the effects directly caused by the excavations around the cavity and on the surface, with particular reference to excavations and tunnels at low depth in urban areas, from which derive the choice of the excavation method and techniques and any measures for improvement and reinforcement in the stages moving forward. The backings for the initial and final stages and, where appropriate, protection for the structure mouths must be sized. Lastly, in the case of structures in watershed areas, the overall stability conditions of the slopes the structures interact with must be evaluated, both during construction as well as operation. 
The adoption of improvement and reinforcement measures of the earth and rock mass to ensure or improve the overall and local stability of the structure must be suitably motivated, and such measures must be adequately justified and illustrated.
6.7.5.
DESIGN ANALYSIS AND SAFETY VERIFICATIONS
The analyses must refer to the different stages of excavation and construction, as well as operating conditions.
The verifications must be done with reference to the ultimate limit states (ULS) and serviceability limit states (SLS).
The ultimate limit states for earth or rock mass failure around the excavation (GEO) must be considered, as do the ultimate limit states for failure of the structural elements that constitute the stabilising and backing measures, both in the initial and final stages (STR). The effects caused by the underground works on engineering structures and existing constructions must also be quantified. Consideration must be made of the possible ultimate limit states caused by the hydraulic pressure at the face and around the excavation in the stage moving forward (UPL) and high hydraulic gradients when passing through earth susceptible to siphoning (HYD).
Verifications of the overall stability of the watershed areas with which the structure interacts and the excavation faces at the mouth areas, must be done following the criteria set out in § 6.3 and § 6.8 for natural slopes and excavation faces, respectively. 
The verifications of ultimate limit states must be done according to Approach 1 considering the two combinations of factors:
−
Combination 1: (A1+M1+R1) 
−
Combination 2: (A2+M2+R2) 
with partial factor values shown in Tables 6.2.I and 6.2.II and with factors R of groups R1 and R2 equal to the unit.
The structural verifications of the reinforcement elements, in advancing from the excavation face and walls, and the backing structures, in the initial and final stages, must be done as specified in § 6.2.4.1.3 , using the characteristic values of geotechnical parameters.
The verifications of hydraulic ultimate limit states must be done following the criteria indicated in § 6.2.4.2. 
In the case of design based on the observational method, pursuant to § 6.2.5, the analyses must permit the quantitative evaluation of the behaviour of the structure in the different excavation and construction stages, in order to formulate forecasts on values of magnitudes representing the behaviour of the cavity, with particular regard to the values of radial convergence, longitudinal deformation of the face and, if pertinent, surface movements, to permit comparison of the forecasts with the values measured of the same magnitudes.
6.7.6.
CONTROLS AND MONITORING 
Monitoring must permit verification of the validity of the design forecasts in relation to the behaviour of the structure in the construction and operation stage, for the period of time indicated in the design. It must be prepared in a way that permits the evaluation of the behaviour of the earth or rock mass, the backing structures for each stage of the excavation and construction and when the structure is completed, as well as the behaviour of the existing engineering structures. Where potential or actual landslide phenomena are present, monitoring must regard significant magnitudes (tensions, movements and free water pressures) and the effects on the works to control the phenomenon. 
Where the observational method is applied, monitoring must be specifically planned to permit control of the magnitudes representative of the behaviour of the structure-ground system for the purpose of deciding from among the alternative solutions provided.
6.8.
STRUCTURES INVOLVING LOOSE MATERIAL AND EXCAVATION FACES 
These standards are applicable to engineering structures involving loose materials, such as embankments, river dikes, canals and littoral zones, rock fillings, backfillings, fill embankments and channel fills, and excavations for the formation of yards and/or trenches. The standards are also applicable to structures and parts of structures involving loose materials with specific functions of drainage, filtering, transition, foundation, retention, protection, and other things. Hydraulic containment structures involving loose materials are subject to specific specifications. 
6.8.1.
GENERAL DESIGN CRITERIA 
The design of engineering structures involving loose materials must take into account the performance requirements and characteristics of the foundation earth. It must include the selection of construction materials, both natural and of other origin, and their method of installation. 
The criteria for selecting natural materials must be defined in relation to the functions of the structure, taking into account the problems of selection, quarrying, transportation, treatment and installation.
For materials of other origin, the selection and use criteria must be defined on a time to time basis, compatibly with the constraints of an environmental nature. 
The design must indicate the prescriptions relating to the qualification of materials and installation, specifying construction times and methods, particularly in regard to the maximum thickness of the strata in function of the materials. The controls to carry out during construction and the limits of acceptability of materials, the degree of compaction to achieve and deformability of the strata shall also be specified.
6.8.2.
SAFETY VERIFICATIONS (ULS) 
The condition [6.2.1] must be met, verifying that an ultimate limit state has not been met with the design action and geotechnical parameter values.
The verifications must be done applying the Combination 2 (A2+M2+R2) and Approach 1, taking into account the values of partial factors shown in Tables 6.2.I, 6.2.II and 6.8.I. 
Table 6.8.I - Partial factors for safety verifications of structures involving loose materials and excavation faces
	Factor
	R2

	γR
	1.1 


The overall stability of the engineering structure-earth system of the foundation must be studied under the conditions corresponding to the various construction stages, at the end of construction and while in operation. 
Local verifications must also be done of the artificial reinforcement elements present inside and at the base of the engineering structure, with reference also to problems of durability. In the case of engineering structures on slopes, the influence of the structures on the general safety conditions of the slope must be examined, also in relation to the variations caused to the free water pressure regime underground. 
If the structure has the function of hydraulic constraint, verification shall be made of the ultimate limit state of the stability of the parameters under all possible operating conditions. Particular attention must be paid to the problems relating to siphoning and erosion, in relation to the characteristics of the foundation earth for the materials used to build the structure, taking into account § 6.2.4.2.
6.8.3.
VERIFICATIONS OF SERVICEABILITY (SLS) 
In serviceability conditions, the movements of the engineering structure and surrounding earth must be evaluated, due to deformation of the foundation and structure earth, to verify compatibility with the functioning of the work and the safety and functionality of the adjacent engineering structure. 
6.8.4.
CONSTRUCTION CONSIDERATIONS 
The materials making up the engineering structures must be laid in strata using suitable methods that ensure the physical and mechanical properties required in the design are achieved. 
The characteristics of the artificial components, such as geosynthetic materials, must be specified and certified in accordance with the relative Harmonised European Standards and verified based on the results of tests to be conducted in the acceptance and verification stages of the expected performances. 
6.8.5.
CONTROLS AND MONITORING 
During construction, controls must be conducted according to a programme of tests related to the type and size of the engineering structure, in order to ensure a matching number of significant measures. The monitoring must ascertain that the values of measured magnitudes, such as movements and free water pressures, are compatible with the safety and functionality requirements of the engineering structure and neighbouring constructions. 
6.8.6.
EXCAVATION FACES 
6.8.6.1
Geotechnical surveys and geotechnical characterisation 
Without prejudice to the general prescriptions set out in § 6.2.2, geotechnical investigations must also take into account depth, width, destination and the permanent or temporary nature of the excavations.
6.8.6.2
General design criteria and safety verifications 
The design must define an excavation profile that meets the prescriptions set out in § 6.2.4 and the safety verification must be conducted using similar methods to those indicated for engineering structures of loose material. 
In the case of excavations on a slope, the influence of the excavation of the general stability conditions of the slope itself must be verified. 
The design must take into account the existence of structures and overburdens near the excavation, it must examine the influence of the excavation on the free water pressure regime and guarantee the stability and functionality of the pre-existing constructions in the area affected by the excavation. 
For excavations in trenches with a vertical face taller than 2 m, where the presence of people is expected, and for excavations that occur near existing engineering structures, a structure to support the excavation walls must be provided for. The verifications must be done with regard to the ultimate limit states (ULS) and serviceability limit states (SLS), where applicable. 
Actions due to the earth, water and overburdens, even temporary, must be calculated in order to prevent, from time to time, the most adverse conditions. 
The assumptions for calculating the actions of the earth and stresses on the supporting structure must be justified, taking into account the deformability relating to the earth-supporting structure, the excavation executive methods, the mechanical characteristics of the earth and the length of excavating time.
6.9.
IMPROVEMENT AND REINFORCEMENT OF EARTH AND ROCK MASSES 
These standards regard the design, construction and control of improvement and reinforcement measures of the earth and rock masses, conducted for various application purposes. 
6.9.1.
CHOICE OF MEASURE TYPE AND GENERAL DESIGN CRITERIA 
The choice of measures type must derive from a geotechnical characterisation of the earth and rock masses to treat and analyses of technical, organisational and environmental factors. 
The measures must be justified, indicating geotechnical factors to which modifications are proposed and supplying quantitative evaluations of the expected mechanical effects. 
Geotechnical investigations must also regard the assessment of consequential results, using methods and suitable test fields.
The design must define the size of the measures, the characteristics of any structural elements and fill materials, the techniques needed and the operating sequences.
The design must indicate the method of assessing the results, specifying the most suitable measurements and test investigations in relation to the type and objectives of the improvement and/or reinforcement. For measures of particular importance, the design must include a preliminary test verification stage and the development of an execution method (test fields).
6.9.2.
MONITORING 
Monitoring has the purpose of evaluating the efficacy of the measures and verifying that the results correspond with the design assumptions. It also has the purpose of checking behaviour of the structure-earth system over time. 
Monitoring must also be done when improvement and reinforcement can affect the safety and functionality of the design work or surrounding works.
6.10.
GEOTECHNICAL CONSOLIDATION OF EXISTING WORKS 
The standards regard the set of technical provisions for work to the engineering structure-earth system to eliminate or mitigate behavioural defects of an existing work. 
6.10.1.
GENERAL DESIGN CRITERIA 
The design of consolidation measures must derive from identifying the causes of the anomalous behaviour of the work. These causes can be traced to the superstructure, foundation structures and ground, individually or jointly. 
In particular, the causes of abnormal ground movement following a change in the tension state caused by modifications to the engineering structure, changes in the free water pressure regime, the construction of other adjacent engineering structures, modifications to the topographical profile of the ground due to artificial causes or movements of masses, or the causes of the deterioration of materials comprising the supporting structures and foundation structures. 
The design of the geotechnical consolidation must be developed together with the structural design and the measures deemed necessary for ground improvement and foundation reinforcement must be devised jointly with improvement to the supported structure. 
The description of the execution method of the measure and temporary works are an integral part of the design. The observational method can be used for geotechnical situations where the complexity of the ground is documented and exhaustive investigation is not possible. 
6.10.2.
GEOTECHNICAL SURVEYS AND GEOTECHNICAL CHARACTERISATION 
The design consolidation measures must be based on the results of investigations into the ground and existing foundation, laid down after consulting all documentation available, relative to the engineering structure and the ground. 
Where engineering structures are particularly sensitive to movements in the ground, the consequences of every disturbance that can be caused to the engineering works must be evaluated in the location and in the choice of equipment and execution techniques for the investigations. 
The investigations must also include the measurement of significant magnitude to identify the cinematic characteristics of current movements and must regard the variation over time of magnitudes such as free water pressures and movements in the ground of significant volume. If a periodic nature of the phenomena observed can be presumed, linked to seasonal events, the measurements must be suitably extended over time. 
6.10.3.
TYPES OF GEOTECHNICAL CONSOLIDATION 
The main methods for the geotechnical consolidation of an existing structure generally include: 
−
the improvement and reinforcement of foundation ground; 
−
the improvement and reinforcement of materials comprising the foundation; 
−
expansion of the foundation base, for spread foundations; 
−
the transfer of the load to deeper strata; 
−
the introduction with lateral supports; 
−
the correction of foundation level movements. 
In the choice of consolidation method, account must be taken of the circumstance that the foundation ground for the engineering structure have, over time, been subjected to permanent loads and other accidental loads. Evaluation must be made of the effects of redistribution, where applicable, of the ground stresses as a result of the measures on the mechanical response of the engineering structure as a whole, both short and long-term. 
Temporary or final measures that result in volume variations, such as freezing, injections, jet grouting, and modifications to the free water pressure regime, require special caution and can be adopted only after evaluating the effects on the behaviour of the engineering structure and adjacent works. 
The functions of the consolidation measure must be clearly identified and defined in the design. 
6.10.4.
CONTROLS AND MONITORING 
Control of the efficacy of the geotechnical consolidation is mandatory when the measures follow a redistribution of the stresses in the ground-engineering structure contact. The checks assume different scopes and are done using different instruments and methods in relation to the size of the work, to the type of engineering structure defect and possible damage to people or things. 
Monitoring of the consolidation measures must be provided for in the design and described in detail - indicating the magnitude to measure, the instruments used and the timing of the measurements - when using the observational method. The outcomes of the measurements and checks can constitute a test element for the individual measures.
6.11.
CONTROLLED WASTE LANDFILLS AND DEPOSITS OF INERT MATERIALS 
6.11.1.
CONTROLLED LANDFILLS 
6.11.1.1
Design criteria 
In addition to the provisions of specific current standards, the landfill design must be based on in-situ characterisation, a clear definition of the construction methods and checking of the various barrier devices, taking into account the nature of the waste, environmental vulnerability of the area and risks associated with eventual malfunctions. 
6.11.1.2
Site characterisation 
The geological and geotechnical characterisation must have the aim of identifying the nature of the grounds and rock masses in the area and the water circulation in the ground, as well as evaluation of all the physical-mechanical magnitudes that contribute to the choice of locating the work (including deposit, service areas and minimum distances), its design and operation. It is of particular importance to ascertain the present of a water bed, natural protection areas, seismic and flood risk, landslide or avalanche risk, or subsidence phenomena. 
6.11.1.3
Construction and control methods for barrier devices 
The design can define in detail the construction and control methods for barriers provided for in specific industry regulations. In particular, qualification tests must be defined for the material and construction method used in terms of thickness of the strata to lay and compacting methods. The design must also define the number and frequency of in-situ and laboratory tests to be conducted during construction of the barriers. In any case, specific permeability tests must be provided for on the finished barrier, in a number suitable to permit evaluation of whether the requirements of the specific industry regulations have been met. 
6.11.1.4
Safety verifications 
The stability of the engineering structure and foundation ground must be evaluated using specific geotechnical analysis, relevant to the different stages of the work's life. In particular, the stability and deformability of the ground must be verified, to guarantee over time, the efficacy and functionality of the percolation collection system, general stability and the stability of the side walls. 
In particular, in the case of composite barriers, evaluation must be made of the stability conditions along the displacement surfaces that also include the interfaces between the various materials used. 
In verifications involving landfills, waste material must be assigned parameters that take into account the composition of the waste and pre-treatment and settling methods adopted, as well as the results of specific in-situ and laboratory specifications.
6.11.1.5
Monitoring 
Geotechnical monitoring of the landfill-ground system must, in general, include measurement of significant magnitudes - such as movements, free water pressures, percolation characteristics and biogas, where applicable. 
6.11.2.
DEPOSITS OF INERT MATERIALS 
6.11.2.1
Design criteria 
The design must define deposit methods and characteristics in order to meet the prescriptions set out in § 6.2.4 and the safety verification must be conducted using similar methods to those indicated in § 6.8 for engineering structures of loose material. 
In verifications involving the deposits, parameters must be assigned that take into account the nature and methods of settling, as well as the results of specific in-situ and laboratory specifications. 
For sediment basins used for consistent extraction purposes in reservoirs bordered at least on one side by earth dikes where the solids are separated from liquids, the characteristics of the sediment material for various possible consolidation conditions must be determined. 
In order to ensure suitable stability conditions, devices for the collection and removal from the deposit of surface run-off and devices to reduce and control free water pressures in the deposit material must be provided. A device must be provided to prevent overflow. 
The design must define the methods for laying the materials and provisions for avoiding disruption of the deposit material. 
6.11.2.2
Monitoring 
Geotechnical monitoring of the deposit-ground system consists in installing suitable instrumentation and in the measurement of significant magnitudes - such as movements and free water pressures. 
The run-off of surface water must also be controlled in order to limit penetration into the deposit. 
6.12.
FEASIBILITY OF WORKS COVERING A LARGE SURFACE 
These standards define criteria of a geological and geotechnical character to adopt in the preparation of urban plans and in the design of groups of engineering structures and measures covering large surfaces, such as: 
a)
new urban civil or industrial settlements;
b)
renovation of existing settlements, water utilities and urban sewers and related services of any kind;
c)
roads, railways and water highways;
d)
maritime structures and coastal defences;
e)
airports;
f)
artificial water basins and branching systems for waterways;
g)
utilities for the extraction of liquids or gas from the ground;
h)
reclamation and settlement of the territory;
i)
extraction of construction materials.
6.12.1.
SPECIFIC INVESTIGATIONS 
Geological studies and geotechnical characterisation must be extended across the entire area of possible influence of the measures, in order to ascertain that the allocated use is compatible with the area in consideration. 
In particular, the investigations and studies must characterise the area of interest in terms of environmental vulnerability, for internal geodynamic processes (seismic, volcanism, etc.) and external (stability of slopes, erosion, subsidence etc.) and must permit identification of any limits on the design of the set of engineering structures and measures (for example: modification of the surface and subterranean water regime, and subsidence due to pumping liquid from the ground). 
CHAPTER 7.
DESIGN FOR SEISMIC ACTIONS
 TC " CHAPTER 7 - DESIGN FOR SEISMIC ACTIONS" \f C \l "1" 
7.0.
General
This chapter governs the design and construction of new works subject also to seismic action. Its provisions shall be considered additional to and not a replacement of the provisions set out in Chapters 4, 5 and 6; reference must also still be made to the provisions of Chapter 2, for the evaluation of safety, and Chapter 3, for the evaluation of seismic action. 
Buildings for which, in relation to theLLS, agS ≤ 0.075 g, where S is the coefficient comprising the effect of stratigraphic amplification (SS) and topographic amplification (ST), as referred to in § 3.2.3.2, and ag is the maximum horizontal acceleration for the LLS on a rigid reference site, can be designed and tested as follows:
· the combinations of actions defined in § 2.5.3 is considered, applying, in two orthogonal directions, the horizontal force system from the expression [7.3.7] assuming Fh = 0.10 W  for all structural types,( being defined in § 7.3.3.2;
· only the verification in regard to LLS is required;
· in general a “design for non-dissipative structural behaviour” is used, as defined in § 7.2.2; where a “design for dissipative structural behaviour” is selected, as defined in § 7.2.2, in the ductility class DC “B”, unitary values can be used for factors Rdas shown in Table 7.2.I;
· except for buildings up to two storeys, considered above the foundation or rigid-box structure as set out in § 7.2.1, the horizontal elements must meet the rigidity and resistance requirements set out in § 7.2.2.
7.1.
LIMIT STATE REQUIREMENTS
For:
· capacity of a structural element or a structure: is intended as the set of rigidity, resistance and ductility characteristics manifested by it, when subject to a pre-established set of actions;
· demand on a structural element or on a structure: is intended as the set of rigidity, resistance and ductility characteristics required of it by a pre-established set of actions.
Under the effect of the actions defined in § 3.2, compliance with the ultimate and serviceability limit states must be ensured, as defined in § 3.2.1 and identified with reference to the performance of the construction on the whole, which includes the significant volume of ground defined in § 6.2.2, in addition to supported and foundation structural elements, non-structural elements and utilities.
Verification in regard to the various limit states is done by comparing capacity and demand; in the absence of specific provisions, verification is considered to be conducted positively when the requirements of rigidity, resistance and ductility are met, for structural, stability and functional elements, and non-structural elements and utilities, as indicated in § 7.3.6. 
For all limit states, the foundation structures must be resistant to the effects resulting from the response of the ground and above-ground structures, without permanent movements incompatible with the limit state of reference. In this regard, evaluation must be made of the seismic response and site stability, according to the provisions of § 7.11.5. 
7.2.
GENERAL CRITERIA OF DESIGN AND MODELLING 
7.2.1.
GENERAL CONSTRUCTION CHARACTERISTICS
Regularity
Constructions must have, to the extent possible, a hyperstatic structure characterised by uniformity in-plan and elevation. If necessary, this can be executed by dividing the structure, using joints, into units that are dynamically independent.
As far as buildings are concerned, construction is regular in planif all the following conditions are met:
a)
the distribution of masses and stiffness is approximately symmetrical to the two orthogonal directions and the plan shape is compact, i.e. the outline of every floor is convex; if in-plan set-backs exist, regularity in-plan may still be considered as being met, provided that these set-backs do not affect the floor in-plan stiffness and that, for each set-back, the area between the outline of the floor and a convex line enveloping the floor does not exceed 5 % of the floor area;
b)
the ratio between the sides of the rectangle enveloping the plan of every floor is less than 4; 
c)
the in-plan stiffness of each floor is much greater than the corresponding stiffness of the vertical structural element so it can be assumed that its in-plan deformation negligibly influences the distribution of the seismic actions between the latter and is sufficiently resistant to ensure the efficacy of this distribution. 
Also in regard to buildings, construction is regular in elevation if all the following conditions are met: 
d)
all horizontal action resisting systems run without interruption the extent of the building elevation or, if parts with different heights are present, to the top of the relevant zone of the building; 
e)
mass and stiffness remain constant or vary gradually, without abrupt changes, from the base to the top of the building (the variations of mass from one floor to another do not exceed 25 %, stiffness is not reduced from one floor to the one above by more than 30 % and is not increased by more than 10 %); for the purpose of stiffness, structures with reinforced concrete walls or cores or masonry walls and cores in a constant elevation section walls or braced steel frames, which at least 50 % of the base seismic action relies on, can be considered regular in elevation; 
f)
the ratio between the capacity and demand on LLS is not significantly different, in terms of resistance, for subsequent floors (this ratio, calculated for a generic floor, must not differ by more than 30 % from the same ratio calculated for the adjacent floors); exception can be made for the top floor of a frame building with at least three floors;
g)
any restrictions in the horizontal section of the building occur with continuity from one floor to the next; or the set-back of one floor does not exceed 10 % of the size corresponding to the floor immediately below, nor 30 % of the size corresponding to the first floor. The top floor of a construction with at least four floors is the exception, for which no limitations on restrictions are provided.
Where, immediately above the foundation, a rigid-box structure is present, as long as it is designed with non-dissipative behaviour, controls on the uniformity of height can refer to the single structure above the box, on the condition that the latter has rigidity compared to the horizontal actions significantly greater than those of the structure above it. This condition can be deemed met if the movements of the structure above the box, evaluated based on a model fixed at the bottom, and the movements of the structure above, evaluated taking into account the deformability of the box structure, substantially coincide.
For bridges, the uniformity conditions are defined in § 7.9.2.1.
Distance between neighbouring buildings 
The distance between neighbouring constructions must be suffice to avoid phenomena of hammering and, however, not be less than the sum of the maximum movements determined for the LLS, calculated for each construction according to § 7.3.3 (linear analysis) or § 7.3.4 (non-linear analysis) and taking into account, where significant, the relative movement of the foundation of the two neighbouring constructions, as indicated in § 3.2.4.1, § 3.2.4.2 and § 7.3.5; 
The distance between two construction points that are facing cannot, in any case, be less than 1/100 of the height of the points considered, measured at the grade plane of the foundation or the top of the rigid-box structure as set out in § 7.2.1, multiplied by 2agS/g ≤ 1.
Where specific calculations cannot be made, the maximum movement of a non-isolated construction at the base, can be estimated as 1/100 of its height, measured as above, multiplied by agS/g; in this case, the distance between neighbouring constructions cannot be less than the sum of the maximum movements of each one. This paragraph is not applicable to bridges.
If the constructions have seismic isolation and/or dissipation devices, particular attention shall be paid to sizing the distances and/or joints, taking into account the provisions set out in § 7.10.4 and § 7.10.6. 
Maximum height of new buildings 
The maximum height of buildings must be suitably limited, in function of their capacity in rigidity, resistance and ductility, in addition to the limits imposed by local urban regulations.
Limitation of the height in function of the road width 
Regulations and implementation standards of urban planning instruments can introduce limitations on the elevation of buildings in function of the road width. 
For each building facing toward the street, the regulations and standards will define the minimum distance between the in-plan projection of the front and the opposite kerb of the road. The road is intended as the area of public use open to the circulation of pedestrians and vehicles, and the unfenced unconstructible space open to pedestrians. 
7.2.2.
GENERAL DESIGN CRITERIA for structural systems 
Constructions must incorporate structural systems that ensure rigidity, resistance and ductility in regard to the two horizontal components of the seismic action, orthogonal to each other. 
The structural systems are made up of primary structural elements and secondary structural elements, where applicable. The entire anti-seismic capacity of the system is entrusted to the primary structural elements; secondary structural elements are designed only to resist vertical loads (see § 7.2.3).
The vertical component must be considered in regard to the provisions of § 3.2.3.1, and in regard to the cases specified in § 7.10.5.3.2, including where there are more or less horizontal elements with a span higher than 20 m, pre-compressed elements (with the exclusion of floor spans of less than 8 m), cantilever elements with span greater than 4 m, overhanging type structures, false columns, buildings with suspended floors, bridges, and constructions with isolation.
In the cases set out in § 3.2.4.1, account must also be taken of the spatial variation of the seismic motion.
Where present, floors must have the stiffness and resistance to permit redistribution of the horizontal forces between the various systems resistant to vertical development. 
The foundation system must have extending in-plan floor stiffness and suitable stiffness against bending. Except for bridges, a single type of foundation must be adopted for a given supported structure, unless consisting of independent units. In particular, in the same structure, the concurrent use of pile foundations and direct or mixed foundations must be avoided, unless a specific study demonstrates it is acceptable. 
structural behaviour
Constructions subjected to seismic action, without special isolation and/or dissipative devices, must be designed in accordance with one of the following structural behaviour types:
a)non-dissipative structural behaviour,
or
b)dissipative structural behaviour.
For non-dissipative structural behaviour, in evaluating demand all the membranes and connections remain in elastic range or substantially elastic; demand deriving from seismic action and other actions is calculated, in function of the limit state it refers to, but independently from the structural type and without taking into account the non-linearity of the material, through an elastic model (see § 7.2.6) 
For dissipative structural behaviour, in evaluating demand a high number of membranes and/or connections remain in plastic range, while the remainder remain in the elastic or substantially elastic range; demand deriving from seismic action and other actions is calculated, in function of the limit state it refers to and the structural type, taking into account the dissipative capability linked to the non-linearity of the material. If the dissipative capacity is taken into account implicitly through the behaviour factor q (see § 7.3), an elastic model is adopted; if the dissipative capacity is taken into account explicitly, a suitable framework law is adopted (see § 7.2.6). 
ductility classes
A construction with dissipative structural behaviour must be designed to produce one of the two Ductility Classes (DC):
· Ductility Class High (DC ”A”), with elevated dissipative capacity;
· Ductility Class Average (DC ”B”), with average dissipative capacity.
The difference between the two classes lies in the extent of the yield provided for in the design stage, both on a local and general level.
capacity design and factors of overstrength
For both DC ”A” and for DC ”B”, typical capacity design procedures are used. For masonry constructions only, they are used where explicitly specified.
This design has the purpose of ensuring the dissipative structure has a ductile behaviour and works as follows:
· it distinguishes the elements and mechanisms, both local and overall, ductile and fragile;
· it aims to avoid local fragile failure and activation of fragile or unstable global mechanisms;
· it aims to localise the dissipations of energy by hysteresis in ductile element areas to the end identified and designed, called “dissipative” or “ductile”, coherent with the structural scheme adopted.
These purposes are satisfied by designing the capacity in resistance to LLS of fragile local and global elements/mechanisms, so it is higher than the alternative ductile elements/mechanisms. To ensure compliance with this disparity, on a local and general level, the effective resistance capacity of the ductile elements/mechanisms is increased by a suitable factor γRd, called “overstrength factor”; from this increased capacity the capacity of undesired fragile elements/mechanisms, alternative to the ductile ones are sized. 
For every structural type:
· it is necessary to ensure, even only as a deduction starting from the overstrength factors γRd to use for capacity design on a local level, a suitable overstrength factor γRd of the fragile global mechanisms. Where not explicitly specified in this standard, this factor must be at least equal to 1.25;
· the overstrength factors γRd to use in the capacity design on a local level for the various structural elements and individual verifications, are summarised in the following table: 
Table 7.2.I - overstrength factorsγRd (the number of the corresponding equation is indicated in square brackets)
	Structural type
	Structural elements
	Capacity design
	γRd

	
	
	
	DC ”A”
	DC ”B”

	Reinforced concrete poured on location
	Beams (§ 7.4.4.1.1)
	Shear
	1.20
	1.10

	
	Columns (§ 7.4.4.2.1)
	Buckling [7.4.4]
	1.30
	1.30

	
	
	Shear [7.4.5]
	1.30
	1.10

	
	Beam-pillar nodes
(§ 7.4.4.3.1)
	Shear [7.4.6-7, 7.4.11-12]
	1.20
	1.10

	
	Walls (§ 7.4.4.5.1)
	Shear [7.4.13-14]
	1.20
	-

	Prefabricated reinforced concrete with frame structure
	Connectors of type a)
(§ 7.4.5.2.1)
	Bending and shear
	1.20
	1.10

	
	Connectors of type b)
(§ 7.4.5.2.1)
	Bending and shear
	1.35
	1.20

	Prefabricated concrete with fixed-base columns and hinged horizontally
	Fixed-type connectors
(§ 7.4.5.2.1)
	Shear
	1.35
	1.20

	Steel
	The overstrength factor γov defined in § 7.5.1 is used

	
	Columns (§ 7.5.4.2)
	Buckling [7.5.10]
	1.30
	1.30

	Steel-concrete composite
	The overstrength factor γov defined in § 7.5.1 is used

	
	Columns (§ 7.6.6.2)
	Buckling [7.6.7]
	1.30
	1.30

	Wood
	Connectors
	
	1.60
	1.30

	Reinforced masonry with capacity design
	Masonry panels (§ 7.8.1.7)
	Shear
	1.50

	Bridges
	The overstrength factors defined in § 7.9.5 are used


The demand for resistance evaluated with capacity design criteria can be assumed to be no greater than the resistance demand evaluated for the case of non-dissipative structural behaviour.
The foundation structures and relative structural elements must be designed based on the demand exerted on them by the structure above (see § 7.2.5) attributing their non-dissipative structural behaviour, independently of the behaviour attributed to the structure as acting on it.
The connections made using temporary connector devices, as set out in § 11.9, must sustain the demand to LLS (see § 7.3) increased by a factor γRd equal to at least 1.5. 
relative movement in sliding bearings
Sliding bearings must be sized to permit, under seismic action corresponding to LLS, a relative movement in the direction in consideration between the two parts of the structure connected to it, evaluated as:
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where: 
dEs
is the relative movement between two parts of the structure, evaluated as the square root of the sum of the square of the maximum horizontal movements in the direction of interest of the two parts; these maximum movements are calculated, in the case of linear analysis, according to § 7.3.3.3 or, in the case of non-linear analyses, according to § 7.3.4; for bridges, the relative movement obtained this way must be multiplied by 1.25,
dEg
is the relative movement between the ground at the base of the two parts of the structure connected by the sliding bearings, calculated as indicated in § 3.2.4.2.
For the transmission of horizontal forces between the parts of the structure, it is never permitted to rely on the friction consequent to gravitational loads, unless for devices expressly designed for that purpose. 
dissipative zones and relative construction details
In the case of dissipative structural behaviour, the seismic behaviour of the structure is widely dependent on the behaviour of its dissipative zones, it must form where prescribed and maintain, in the presence of cyclic actions, the capacity to transmit the necessary stresses and dissipate energy, ensuring the capacity in relative ductility to the class of ductility chosen.
The construction details of the dissipative areas and connections between these areas and the remaining part of the structure, as well as the various structural elements between them, are fundamental for correct seismic behaviour and must be exhaustively specified in the design plans. 
7.2.3.
DESIGN CRITERIA FOR SECONDARY STRUCTURAL ELEMENTS AND NON-STRUCTURAL construction ELEMENTS 
secondary elements
Some structural elements can be considered "secondary"; in the analyses of seismic response, the stiffness and resistance to the horizontal actions of these elements can be ignored. These elements are designed to withstand vertical loads only and to follow movements of the structure without losing load-bearing capacity. Secondary elements and their connections must therefore be designed and fitted with construction details to support gravitational loads, when subjected to movements caused by the most adverse design seismic conditions at CLS, evaluated, in the case of linear analysis, according to § 7.3.3.3, or, in the case of non-linear analysis, according to § 7.3.4.
In no case can the choice of elements to be considered secondary make an "irregular" structure "regular”, as defined in § 7.2.1, nor can the total contribution of rigidity and resistance of secondary elements under horizontal actions exceed 15% of the same contribution to the primary elements.
non-structural construction elements
Non-structural construction elements are intended as rigid, resistant and with sufficient mass to significantly influence the structural response and those that, while not influencing the structural response, are equally significant in terms of personal safety and/or integrity.
The capacity of non-structural elements, including any structural elements that support and connect them, to each other and to the main structure, must be greater than the seismic demand corresponding to each of the limit states to consider (see § 7.3.6). When the non-structural element is constructed at the construction site, it is the structure designer's job to identify the demand and design the capacity in accordance with time proven formulas, and it is the job of the building surveyor to verify the correct execution; when on the other hand the non-structural element is not assembled at the construction site, it is the structure designer's job to identify demand, it is the supplier and/or installer's job to provide adequate connection elements and systems, and it is the building surveyor's job to verify correct assembly.
If the distribution of no-structural elements is highly irregular in-plan, the effects of these irregularities must be evaluated and taken into account. This requirement is intended as met when the accidental eccentricity is increased by a factor of 2, pursuant to § 7.2.6.
If the distribution of non-structural elements is highly irregular in elevation, the possibility of strong concentrations of damage must be considered at levels characterised by significant reductions in non-structural elements compared to adjacent levels. This requirement is intended as being satisfied when the seismic demand on vertical elements (pillars and walls) of levels with significant reduction in non-structural elements is increased by a factor of 1.4. 
Seismic demand on non-structural elements can be determined applying to them a horizontal force Fa defined as follows:


[image: image412.wmf](

)

a

a

a

a

q

W

S

F

×

=


[7.2.1] 
where 
Fa
is the horizontal seismic force distributed or acting in the centre of the mass of the non-structural element, in the most adverse direction, resulting from the forces distributed proportionally to the mass;
Sa
is the maximum acceleration, non-dimensionalised to the acceleration of gravity, that the non-structural element incurs during the earthquake and corresponds to the limit state in question (see § 3.2.1);
Wa
is the weight of the element;
qa
is the behaviour factor of the element.
In the absence of specific determinations, for Sa and qareference can be made to time proven documents.
7.2.4.
DESIGN CRITERIA FOR UTILITIES
This paragraph provides useful indications for the aseismic design and installation of utilities and machinery, intended as the set of: actual utility installations, utility design devices, connections between utilities and the main structure. Unless indicated to the contrary in national legislation, the aseismic design of the utilities is the responsibility of the manufacturer, of the aseismic design of the supply and connection elements is the responsibility of the installer, the aseismic design of the slabs, in-fills and partitions to which the utilities are anchored is the responsibility of the structural engineer.
The capacity of the various functional elements comprising the utility, including any structural elements that support and connect them, to each other and to the main structure, must be greater than the seismic demand corresponding to each of the limit states to consider (see § 7.3.6). It is the structure designer's job to identify the demand, while it is the supplier and/or installer's job to supply utilities and connection systems with adequate capacity.
Utilities that exceed 30 % of the total permanent load of the floor field on which they are located or the filter or partition panels they are suspended from or 10 % of the total permanent load of the entire structure do not come within the provision below and require a specific study.
In the absence of more accurate evaluations, the seismic demand acting because of the presence of an infill or partition panel from which the utility is suspended, can be given a load uniformly distributed of an intensity 2Fa/S, where a is the force of each of the functional elements comprising the utility applied to the centre of gravity of the element and calculated using the equation [7.2.1] and S is the surface of the infill or partition panel. This distributed load must be intended as acting both orthogonally and tangentially to the middle of the panel. 
In accordance with the design capacity criteria, any fragile components must have double the capacity than any neighbouring ductile components, but not greater than that required by analysis conducted using the elastic model and behaviour factor q equal to 1.5. The demand evaluated with capacity engineering criteria can be assumed to be no greater than the demand evaluated for non-dissipative structural behaviour.
Utilities cannot be attached to the construction in a way that relies on the effect of friction, but instead they must be connected to it using rigid and flexible devices; utilities with flexible connections are those that have vibration period T ≥ 0.1 s evaluated, taking into account only the deformability of the connection. If flexible connection devices are used, utility supply connections must be flexible and may not be part of the connection mechanism. 
The risk of uncontrolled gas or fluid leaks must be limited, particularly near electrical appliances and flammable materials, including through the use of automatic distribution switches. Gas or fluid supply pipes must be designed to support maximum construction-ground movements caused by seismic action corresponding to each of the limit states considered without failure (see § 7.3.6) 
7.2.5.
STRUCTURAL REQUIREMENTS FOR FOUNDATION ELEMENTS 
Actions transmitted in the foundation derive from the analyses of the behaviour of the entire work, in general conducted examining only the structure in elevation on which the pertinent combinations of actions are applied, pursuant to § 2.5.3.
For both DC “A” and DC “B” the sizing of the foundation structures and verification of the safety of the foundation-ground system must be conducted assuming one of the following as action in foundation, transmitted to the supported elements:
· that deriving from the structural analyses conducted assuming non-dissipative structural behaviour (see § 7.3); 
· that deriving from the capacity of the elements resistance to bending (calculated for the axial force deriving from the combination of actions set out in § 2.5.3), jointly with the shear determined by equilibrium considerations;
· that transferred by supported elements under the assumption of dissipative structural behaviour, amplified by a factor of 1.30 in DC “A” and 1.10 in DC “B”;
Spread foundations
The structures of spread foundations must be designed for actions defined in the previous paragraph, assuming a non-dissipative behaviour;; specific reinforcements are therefore not necessary to obtain a ductile behaviour. 
Foundation floors in reinforced concrete must have longitudinal reinforcement, in two orthogonal directions and for their entire extension, in a percentage no less than 0.1 % of the area of the transverse section of the floor, both below and above.
Foundation beams in reinforced concrete must have, for their entire extension, longitudinal reinforcement in a percentage no less than 0.2 % of the area of the transverse section of the beam, both below and above.
Pile foundations
Concrete piles must be reinforced, for their entire length, with longitudinal reinforcement in a percentage no less than 0.3 % of the area of the transverse section of the pile and a transversal reinforcement made up of brackets or spirals with diameter of no less than 8 mm, with intervals no greater than eight times the diameter of the longitudinal bars. 
Where it is not possible to exclude reaching the bearing capacity of the piles, the following conditions must be met:
· if the capacity is reached near the pile head, a dissipative zone must be considered extended to a depth of at least 10 times the pile diameter; if the capacity is reached at depth, for example at the contact point between strata of earth with very different rigidity (§ 7.11.5.3.2), a dissipative zone must be considered astride the contacts with an extension of at least five diameters;
· in the dissipative zones the sections must be designed to exhibit a ductile behaviour as an effect of the calculation actions;
In these dissipative areas, the longitudinal reinforcement must have an area of no less than 1% of the area of the transverse section of the pile, while the transversal reinforcement must be constituted by a single bracket spaced no greater than six times the diameter of the longitudinal bars. 
In the absence of specific ductility capacity evaluations, the following provisions must be met:
· the shear capacity must be at least 1.3 times the corresponding demand;
· in the dissipative areas, the normal mean tension acting on each section, in correspondence to seismic combinations of actions, must be less than 0.45 fcd;
· the bending moment calculated in elastic range must be less than 1.5 MRd, where MRd is the bending capacity of the design pile, calculated for axial stress levels present in the seismic combinations of actions. 
The use of inclined piles must be explicitly justified. Sizing of these piles must derive, with a suitable safety margin, from specific analysis of interaction of the foundation-ground system in seismic conditions.
Horizontal connections between the foundation elements 
Account must be taken of the presence of movements relating to the ground at the foundation level, calculated as specified in § 3.2.4.2 and applied to the foundation, and the possible effects its presence induces in the supported structure.
These relative movements can be disregarded if the foundation structures are connected to each other through a network of beams or by a plate of appropriate dimensions, capable of absorbing consequent axial forces. In the absence of more accurate assessments, the following axial actions can prudently be assumed: 
± 0.2 Nsd amax /g for the type A stratigraphic profile 
± 0.3 Nsd amax /g for the type B stratigraphic profile 
± 0.4 Nsd amax /g for the type C stratigraphic profile 
± 0.6 Nsd amax /g for the type D stratigraphic profile 
where Nsd is the average value of vertical forces acting on connected elements, and amax is the maximum horizontal acceleration expected at the site.
In the absence of specific analyses of the local seismic response, the maximum expected acceleration at the site can be evaluated with the equation: amax = agS where S is the factor that includes the effect of the stratigraphic amplification (SS) and the topographic amplification (ST), as set out in § 3.2.3.2, and ag is the maximum horizontal acceleration to the CLS at the reference stiffness site.
For the purpose of applying the preceding equations, the type E stratigraphic profile is combined with that of type C if the earth placed on the ground in consideration is medium dense (coarse-grained soils), or medium consistency (fine-grained soils) and with that of type D if the earth placed on the ground in consideration is loose density (coarse-grained soils) or loose consistency (fine-grained soils). 
Beams or bearing plates and panel beams can be combined with connection elements only if constructed at a distance of ≤ 1.00 m of the top of the direction foundations or plinth connecting the piles.
7.2.6.
CRITERIA FOR MODELLING THE STRUCTURE AND SEISMIC ACTION 
Modelling the structure
The model of the structure must be three-dimensional and adequately represent the effect of spatial distributions of mass, rigidity and resistance, with particular attention to situations where elements horizontal to the seismic action can produce vertical forces of inertia (large span beams, large overhangs, etc.). 
When a non-dissipative model of behaviour is used, or a dissipative model that uses the behaviour factor q, laws of elasticity shall be used for materials. 
When a dissipative model of behaviour is used taking explicit account of the dissipative capacity, the link used for modelling the non-linearity of material must be justified, also in relation to the correct representation of energy dissipated in the hysteresis loops. 
For geometric non-linearity, if significant, is taken into account for both behaviours.
In representing the rigidity of the structural elements, account must be taken of cracking. In the event specific analyses are not done, the stiffness to bending and shear of masonry elements, reinforced concrete, and steel-concrete can be reduced by up to 50 % of the rigidity of the corresponding uncracked elements, taking due account of the limit state considered and the influence of the permanent axial stress. 
Unless specific evaluations are made and as long as openings do not significantly reduce rigidity, in-plan floors can be considered infinitely rigid in their middle on the condition that they are made in reinforced concrete, or concrete and masonry with slab in reinforced concrete at least 40 mm thick, or in combination structures with reinforced concrete slab at least 50 mm thick connected to steel or timber structural elements by suitably sized connectors. 
In defining the model, the non-structural elements not specifically designed as load-bearing (such as in-fills and partitions) can be represented in terms of mass only; their contribution to the behaviour of the structural system in terms of rigidity and resistance will be considered only when it negatively impacts safety.
Modelling seismic action
Actions consequent to seismic motion can be modelled through both equivalent static forces or response spectrum, as well as through suitably selected time-histories of ground motion. 
Seismic demand can be evaluated considering the effect of ground-structure interaction of inertial and kinematic type, as well as defining the seismic design input through analysis of local seismic response. Time proven methods and models must be used for relative procedures.
Use of time-histories of ground motion of the artificial site or with artificial components is not permitted for the analyses of local seismic response and for analyses of ground-structure interaction that provide for hysteresis constitutive coupling for modelling the ground, coherently with the indications set out in § 3.2.3.6.
The following limitations are valid for seismic demand and structural response:
a) The values of the elastic response spectrum in acceleration of the design seismic action elements, evaluated assuming 5 % of damping and obtained by local seismic response analysis and ground-structure interaction, must be at least equal to 70 % of those of the corresponding of elastic response spectrum in acceleration for type A ground, as defined in § 3.2.3.2.
b) When analysis is done of ground-structure interaction, the overall shear results and normal stress transmitted to the top of the foundation of the construction must be at least equal to 70 % of that obtained by an identical structural model with connectors fixed to the foundation and with seismic input corresponding to the respond spectrum for type A ground, as defined in § 3.2.3.2. 
It is possible to consider the deformability of the foundation-ground system and its dissipative capacity using, for example, viscoelastic connectors characterised by adequate dynamic impedance. In this case, it is necessary to take into account the dependence of the characteristics of rigidity and damping from the deformative level of the ground.
For combination foundations, as specified in § 6.4.3, the interaction between the ground, piles and connection structure must be studied with appropriate modelling, with the aim of determining the rate of the design action transferred to the ground directly by the connecting structure and the aliquot transmitted to the piles.
To take into account the spatial variability of the seismic motion, as well as any uncertainties, an accidental eccentricity in regard to the position from which the calculation derives, must be attributed to the centre of the mass. For buildings only and in the absence of more accurate determinations, the accidental eccentricity in every direction cannot be considered less than 0.05 times the mean size of the building measured perpendicularly to the application direction of the seismic action. The said eccentricity is assumed to be constant, in scope and direction, on all floors.
7.3.
ANALYSIS METHODS AND VERIFICATION CRITERIA 
The scope of demand by which the capacity of the structure is assessed, according to the criteria defined in § 7.3.6, can be evaluated using one of the models described previously and adopting one of the analysis methods illustrated below. 
Analysis methods are linear and non-linear, according to the characteristics of the structure and the behaviour model adopted.
In the case of linear analysis, the seismic demand for structures with non-dissipative and dissipative behaviour can be reduced using a suitable behaviour factor q. The limits attributable to q vary in function of the structural behaviour (dissipative or non-dissipative) and the limit state considered, binding to the scope of yield, which accompanies each limit state.
For each of the limit states and analysis methods considered, the table below shows:
- for linear analysis, the structural behaviour, methods of modelling seismic action and the limitations to attribute to the behaviour factor q, depending on the limit state considered;
- for non-linear analysis, the structural behaviour, the modelling methods of the seismic action.
Table 7.3.I – Limits on q and modelling methods of seismic action
	LIMIT STATES
	Linear (Dynamic and Static)
	Non-Linear

	
	Dissipative
	Non-Dissipative
	Dynamic
	Static

	ULS
	SLS
	q = 1.0
§ 3.2.3.4
	q = 1.0
§ 3.2.3.4
	§ 7.3.4.1
	§ 7.3.4.2

	
	DLS
	q ≤ 1.5
§ 3.2.3.5
	q ≤ 1.5
§ 3.2.3.5
	
	

	ULS
	LLS
	q ≥ 1.5
§ 3.2.3.5
	q ≤ 1.5
§ 3.2.3.5
	
	

	
	CLS
	---
	---
	
	


The upper limit of factor q at LLS is specified, for all structural types, in § 7.3.1, and referenced in the specific subsequent paragraphs for the different materials. 
7.3.1.
LINEAR OR NON-LINEAR ANALYSIS 
Analysis of structures subject to seismic action can be linear or non-linear. 
Linear analysis 
Linear analysis can be used to calculate the seismic demand in the case of dissipative and non-dissipative structural behaviour (§ 7.2.2). In both cases, seismic demand is calculated, whatever the modelling used for the seismic action, with reference to the design spectrum (§ 3.2.3.4 and § 3.2.3.5) obtained, for each limit state, assuming the limits shown in Table 7.3.I for the behaviour factor q, with values of base factors q0 shown in Table 7.3.II.
Behaviour factor values q
In the case of dissipative structural behaviour (§ 7.2.2), the value of the behaviour factor q, to use for the limit state considered and in the direction considered for seismic action, depends on the structural type, its degree of hyperstaticity and engineering criteria used and takes into account, as a rule, the dissipative capacity of the material. Structures can be classified as belonging to one type in one horizontal direction and another type in the horizontal direction orthogonal to the preceding type, using the corresponding behaviour factor for each direction.
The upper limit qlim of the behaviour factor relating to LLS is calculated using the following expression: 
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[7.3.1] 
where: 
q0
is the base value of the behaviour value at LLS, the maximum values of which are reported in Table 7.3.II depending on the Ductility Class, of the structural type, the factor λ as set out in § 7.9.2.1, and the ratio αu/α1 between the value of the seismic action for which the yield is verified in a number of dissipative zones to make the structure a mechanism, and the value at which the first structural element reaches the yield at bending; the choice of q0 must be explicitly justified;
KR is a factor that depends on the regular elevation characteristics of the structure, with a value equal to 1 for constructions of regular elevation and equal to 0.8 for constructions of irregular elevation. 
Table 7.3.II – Maximum values of base q0 of the behaviour factor at LLS for different construction techniques and in function of the structural type and ductility class DC
	
	q0

	Structural type
	DC ”A”
	DC ”B”

	Concrete constructions (§ 7.4.3.2)

	Framed structures, with coupled, composite walls (see § 7.4.3.1)
	4.5 αu/α1
	3.0 αu/α1

	Structures with uncoupled walls (see § 7.4.3.1)
	4.0 αu/α1
	3.0

	Torsionally deformable structures (see § 7.4.3.1)
	3.0
	2.0

	Inverted pendulum structures (see § 7.4.3.1)
	2.0
	1.5

	Inverted pendulum single-story frame structures (see § 7.4.3.1)
	3.5
	2.5

	Constructions with prefabricated structure (§ 7.4.5.1)

	Panel structures
	4.0 αu/α1
	3.0

	Monolithic beam-column structures
	3.0
	2.0

	Structures with fixed-base columns and hinged horizontally
	3.5
	2.5

	Steel constructions (§ 7.5.2.2) and steel-concrete composite (§ 7.6.2.2)

	Frame structures
Structures with eccentric bracing
	5.0 αu/α1
	4.0

	Structures with concentric bracing with active diagonal tension
Structures with concentric V bracing
	4.0
2.5
	4.0
2.0

	Cantilever or inverted pendulum structures
	2.0 αu/α1
	2.0

	Frame structures with concentric bracing
	4.0 αu/α1
	4.0


	Frame structures with masonry infill
	2.0
	2.0

	Timber constructions (§ 7.7.3)

	Light frame-wall panels nailed with glued diaphragms, connected by nails, screws and bolts
Hyperstatic web structures with nailed joints
	3.0
	2.0

	Hyperstatic portals with cylindrical leg union 
	4.0
	2.5

	Light frame-wall panels nailed with nailed diaphragms, connected by nails, screws and bolts.
	5.0
	3.0

	Table panels glued to crossed layers, connected by nails, screws, bolts
Web structures with connections by means of nails, screws, bolts or pins
So-called composition structures, with framing (seismo-resistant) in timber and non-bearing in-fills
	
	2.5

	Isostatic structures generally, including isostatic portals with connections by means of cylindrical leg, and other structural types
	
	1.5

	Masonry constructions (§ 7.8.1.3)

	Ordinary masonry constructions
	1.75 αu/α1

	Reinforced masonry constructions
	2.5 αu/α1

	Reinforced masonry constructions with capacity design
	3.0 αu/α1

	Contained masonry constructions
	2.0 αu/α1

	Confined masonry constructions with capacity design
	3.0 αu/α1

	Bridges (§ 7.9.2.1)

	Reinforced concrete piles
Vertical curved piles
Inclined curved support elements
	3.5 λ
2.1 λ
	1.5
1.2

	Steel piles:
Vertical curved piles
Inclined curved support elements
Piles with concentric bracing
Piles with eccentric bracing
	3.5
2.0
2.5
3.5
	1.5
1.2
1.5
-

	Abutments
In general
If they move with the ground
	1.5
1.0
	1.5
1.0


For constructions that are regular in-plan, where non-linear analysis is not carried out for the evaluation, for the ratio αu/α1, the values indicated in the paragraphs below can be used for the different types of construction. 
For constructions that are irregular in-plan, values of αu/α1 equal to the mean of 1.0 and the values from time to time provided for the different construction types can be used. 
Where in the construction reinforced concrete is used, to prevent fragile collapse, the values of q0 must be reduced by the factor kw, with:
	[image: image414.png]1,00

k. :{o,ss(ua,,)/asl




	for frame structures and equivalent combination frame structures

	
	for walled structures, equivalent to wall combination structures, torsionally deformable


where α0 is the value assumed greater than the ratio between the total elevation (from foundations or the rigid-box structure set out in § 7.2.1, to the top) and the length of the walls; in the event α0 of the walls do not differ significantly, the value of α0 for the group of walls can be calculated assuming, as elevation, the sum of the elevations of the individual walls, and as length, the sum of the lengths can be calculated. 
When the demand in resistance to LLS is less than to DLS, the choice can be made to design the resistance capacity based on the demand to DLS instead of to LLS. In this case the behaviour factor to the LLS must be chosen so the ordinate of the design spectrum for the LLS is no less than that of the design spectrum for DLS.
The value of q used for the vertical component of the seismic action to the LLS, unless adequate analysis justifies otherwise, is q = 1.5 for any structural and material type, except for bridges for which it is q = 1.
For structures with non-dissipative structural behaviour, a behaviour factor of qND is used, reduced in respect of the minimum value relative to CD “B” (Table 7.3.II) according to the equation:
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[7.3.2] 
Effects of geometric non-linearities
Geometric non-linearities are taken into account through the factor θ which, in the absence of more accurate determinations, can be defined as:
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where:
P
is the vertical total load caused by the horizontal elements in consideration and by the supported structure; 
dER
is the mean horizontal movement of the inter-storey to LLS, obtained by the difference between the horizontal movement of the floors considered and the horizontal movement of the floors immediately below, both evaluated as indicated in § 7.3.3.3; 
V
is the total horizontal force in correspondence to the horizontal elements in consideration, deriving from linear analysis with behaviour factor q; 
h
is the distance between the floors in consideration and the floor immediately below. 
Effects of geometric non-linearities:
· can be disregarded, when θ is less than 0.1;
· can be taken into account increasing the effects of horizontal seismic action by a factor of 1/(1−θ), when θ is between 0.1 and 0.2;
· must be evaluated through non-linear analysis, when θ is between 0.2 and 0.3. 
The factor θ cannot in any case exceed the value 0.3. 
Non-linear analysis 
Non-linear analysis can be used for non-dissipative structural systems, as well as dissipative behaviour structural systems (§ 7.2.2) and takes into account the non-linearity of the material and geometrics. In dissipative behaviour structural systems, the couplings used must also take into account the reduction in resistance and residual resistance, where significant. 
7.3.2.
DYNAMIC OR STATIC ANALYSES
In addition to whether linear or non-linear analysis is done, the analysis methods are articulated in relation to whether the equilibrium is treated dynamically or statically. 
The linear analysis method of reference for determining the effects of seismic action, used for both dissipative and non-dissipative structural analysis, is the response spectrum modal analysis or "linear dynamic analysis". It treats the equilibrium dynamically and models the seismic action by the design spectrum defined in § 3.2.3.5.
Alternatively, more sophisticated analysis techniques than modal analysis can be used, such as step-by-step integration, and modelling seismic action through time-histories of ground motion. 
Only for constructions whose seismic response, in every main direction, does not depend significantly on superior vibration methods, for dissipative and non-dissipative structural behaviours, it is possible to use the lateral forces method or "linear static analyses". In it the equilibrium is treated statically, analysis of the structure is linear and the seismic action is modelled by the design spectrum defined in § 3.2.3.5. 
Lastly, to determine the effects of seismic action, non-linear analysis can be done; it treats the equilibrium, alternatively: 
a)
dynamically (“non-linear dynamic analysis”), modelling seismic action, through time-histories of ground motion;
b)
statically (“non-linear static analysis”), modelling seismic action, through static forces increased monotonically.
7.3.3.
LINEAR DYNAMIC OR STATIC ANALYSES 
For linear dynamic analysis and for linear static analysis, account must be made of the accidental eccentricity of the centre of the mass.
For buildings, the effects of this eccentricity can be determined by applying static loads constituted by torsion moments of value equal to the resulting horizontal force acting on the plane, determined as in § 7.3.3.2, multiplied by the accidental eccentricity of the centre of gravity of the mass in regard to its position of calculation, determined as set out in § 7.2.6.
7.3.3.1
Linear dynamic analysis 
Linear dynamic analysis consists:
-
in determining the modes of vibration of the construction (modal analysis);
-
in calculating the effects of seismic action, represented by the design response spectrum, for each of the modes of vibration identified; 
-
in a combination of these effects. 
All modes with significant mass participation must be considered. It is opportune in this regard to consider all modes with mass participation over 5 % and a number of modes whose total participation mass exceeds 85 %. 
A complete quadratic combination of the effects relative to each mode must be used for the combination of effects relative to individual modes, as indicated in the expression [7.3.4]: 
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where:
Ej
the value of the effect relative to mode j;
ρij
correlation factor between mode i and mode j, calculated using time proven formulas such as:
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ξi,j
viscous damping of modes i and j; 
βij
ratio between the pendulum periods of each pair i-j of modes (βij = Tj / Ti ). 
[7.3.5a], in the case of equal dampingξ of modes i and j, is expressed as:
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7.3.3.2
Linear static analysis 
Linear static analysis consists in the application of static forces equivalent to the forces of inertia caused by seismic action, and can be carried out for constructions that meet the specific requirements reported in the paragraphs below, on the condition that the period of primary vibration mode in the direction in consideration (T1) does not exceed 2.5 TC or TD and that the construction is regular in elevation. 
For civil or industrial constructions that do not exceed 40 m in elevation and whose mass is distributed in an approximately uniform way the extent of the elevation, in the absence of more detailed calculations, T1 (in seconds) may be estimated using the following expression: 
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where d is the lateral elastic displacement of the top point of the building, expressed in metres, due to the combination of loads [2.5.7] applied in the horizontal direction.
The scope of the forces are determined by the ordinate of the design spectrum corresponding to the period T1 and their distribution on the structure follows the form of the primary vibration mode in the direction in consideration, evaluated approximately.
The force to apply to each construction mass is given by the following expression: 
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where: 
Fh
= Sd (T1) W λ/g
Fi
is the force to be applied to the i-th mass;
Wi and Wj
are the weights, respectively, of mass i and mass j;
zi and zj
are the reference dimensions, with regard to the foundation plan (see § 3.2.3.1), of masses i and j;
Sd(T1)
is the ordinate of the response spectrum defined in § 3.2.3.5;
W
is the total weight of the building;
λ
is a factor equal to 0.85 if T1 < 2TC and the construction has at least three horizontal elements, equal to 1.0 in all other cases; 
g
is the acceleration of gravity.
7.3.3.3
Evaluation of structure movements
The movements dE under design seismic action relative to LLS are obtained by multiplying by the ductility factor in movement µd the values dEe obtained by linear, dynamic or static analysis, according to the following expression: 
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where:
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In any case µd ≤ 5 q – 4. 
In the absence of more accurate evaluations that consider the effective relationship of the spectrum ordinates in movement, the movements to CLS can be obtained by multiplying the movements at LLSby 1.25.
7.3.4.
NON-LINEAR DYNAMIC OR STATIC ANALYSES 
Dynamic or static non-linear analysis can be used, among other things, for the following purposes and cases: 
-
to evaluate the movements relative to the LS of interest;
-
to conduct ductility verifications relating to the CLS;
-
identify the distribution of inelastic demand in constructions designed with the behaviour factor q; 
-
to evaluate the overstrength ratios αu/α1 set out in §§ 7.4.3.2, 7.4.5.1, 7.5.2.2, 7.6.2.2, 7.7.3, 7.8.1.3 and 7.9.2.1;
-
as a design method for new construction methods, as an alternative to linear analysis methods;
-
as a method for evaluating the capacity of existing buildings. 
7.3.4.1
Non-linear dynamic analysis 
Non-linear dynamic analysis consists in calculating the seismic response of the structure by integrating of the equations of motion, using a non-linear model of the structure and the time-histories of ground motion defined in § 3.2.3.6. It has the purpose of evaluating the dynamic behaviour of the structure in non-linear range, permitting comparison between required ductility and available ductility to the CLS and the relative verifications, as well as verifications of integrity to the structural elements in regard to possible fragile behaviours.
Dynamic non-linear analysis must be compared with modal analysis with design response spectrum, in order to control the differences in terms of global stresses on the base of the structure. 
In the case of constructions isolated at the base, non-linear dynamic analysis is mandatory when the isolation system cannot be represented by an equivalent linear model, as established in § 7.10.5.2. The torsional effects on the isolation system are evaluated as set out in § 7.10.5.3.1, using equivalent rigidity values coherent with the movements resulting from the analyses. In this regard reference can be made to time proven documents. 
7.3.4.2
Non-linear static analysis 
Nonlinear static analysis requires that the actual structural system is associated with a nonlinear equivalent structural system.
In the case where the equivalent system is a degree of freedom, gravitational loads are applied to the said equivalent structural system and, for the direction considered in the seismic action, in correspondence to the horizontal elements of the construction, horizontal forces proportional to the forces of inertia impacting (shear at the base) Fb. These forces are scaled in order to monotonically increase, both in a positive and negative direction in order to achieve local or general collapse conditions, the horizontal movement dc of a control point coinciding with the centre of mass of the top level of construction (towers are excluded). Alternative points of control are also considered, as the extremities of the top level, when the translation and rotation coupling is significant.
Diagram Fb – dc represents the curve capacity of the structure. 
At least two distributions of forces of inertia must be considered, with one coming under primary distributions (Group 1) and the other under the secondary distributions (Group 2) illustrated below. 
Group 1 - Primary distributions: 
-
if the fundamental vibration mode in the direction considered has mass participation no lower than 75 %, one of the two following distributions is applied:
distribution proportional to the static forces pursuant to § 7.3.3.2, using as second distribution a) of Group 2,
distribution corresponding to an acceleration trend proportional to the form of the fundamental vibration mode in the direction considered;
-
in all cases the distribution corresponding to the trend of the plane forces acting on each horizontal element can be used calculated in linear dynamic analysis, including in the direction considered a number of modes with overall mass participation no lower than 85 %. The use of this distribution is mandatory if the fundamental period of the structure is in excess of 1.3 TC .
Group 2 - Secondary distributions:
a)
distribution of forces, inferred from a uniform acceleration trend the extent of the elevation of the construction;
b)
adaptive distribution, which changes as the movement at the control point increases in function of the structure yield;
c)
multi-mode distribution, considering at least six significant modes.
7.3.5.
RESPONSE TO THE DIFFERENT COMPONENTS OF THE SEISMIC ACTION AND THE SPATIRAL VARIABILITY OF THE MOTION 
Linear or non-linear, dynamic or static analysis
The response is calculated individually for the three components, applying the expression:
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The most adverse effects are arrived at by comparing the three combinations obtained through circular permutation of the multiplication factors.
In any case:
· the vertical component must be taken into account only in the cases set out in § 7.2.2. 
· the response must be combined with the pseudo-static effects caused by the relative movements produced by the spatial variability of the motion only in the cases set out in § 3.2.4.1, using, except for the provisions of § 7.2.2 in regard to sliding bearings, the square root of the sum of the squared values (SRSS).
Linear or non-linear dynamic analysis, with step-by-step integration 
The response is evaluated simultaneously applying the two horizontal components of the time-histories of ground motion (and vertical components, where necessary). At least three time-histories must be used; the effects of the structure shall be evaluated using the most unfavourable values. Using, on the other hand, at least seven different time-histories, the effects on the structure are represented by the mean of the most unfavourable values. 
Where the effects of spatial variability of the motion are needed, analysis can be done imposing the differentiated time-histories of ground motion on the construction base, but coherent with each other and generated in accordance with the appropriate response spectrum for each connector. Alternatively, dynamic analyses can be done with synchronised motion taking due account of the pseudo-static effects set out in § 3.2.4.
7.3.6.
COMPLIANCE WITH REQUIREMENTS IN REGARD TO LIMIT STATES
For all primary and secondary structural elements, non-structural elements and utilities, the value must be verified of each design demand, defined in Table 7.3.III for each of the limit states required, to be lower than the corresponding value of the design capacity.
Verifications of primary structural elements (SE) are carried out, as summarised in Table 7.3.III, depending on the Class of Use (CU): 
· in the case of non-dissipative structural behaviour, in terms of rigidity (RIG) and resistance (RES), without applying specific regulations for construction details and design capacity;
· in the case of dissipative structural behaviour, in terms of rigidity (RIG) and resistance (RES) and ductility (DUT) (where required), applying specific regulations for construction details and design capacity.
Verifications of secondary structural elements are carried out only in terms of ductility.
Verifications of non-structural elements (NS) and utilities (UT) are done in terms of functioning (FUN) and stability (STA), as summarised in Table 7.3.III, depending on the Class of Use (CU).
Table 7.3.III – Limit states of primary structural elements, non-structural elements and utilities 
	LIMIT STATES
	CU I
	CU II
	CU III and IV

	
	ST
	ST
	NS
	IM
	ST
	NS
	IM(*)

	ULS
	SLS
	
	
	
	
	RIG
	
	FUN

	
	DLS
	RIG
	RIG 
	
	
	RES
	
	

	ULS
	LLS
	RES
	RES
	STA
	STA
	RES
	STA
	STA

	
	CLS
	
	DUT(**)
	
	
	DUT(**)
	
	


(*) For only CU III and IV, fixed furnishings are included in the category Utilities.
(**) In the cases explicitly indicated in these standards.
Verifications of the limit states of collapse prevention (CLS), unless specific indications are in place, are required only in terms of ductility and only when the ductility verifications are expressly required (see § 7.3.6.1)
7.3.6.1
structural elements (st) 
verifications of stiffness (sti)
The condition in terms of structure stiffness is met when the consequent deformation of structural elements does not produce damages on the non-structural elements to make temporary construction unusable. 
In the case of civil and industrial constructions, should temporary unavailability be due to excessive inter-storey displacement, this condition may be satisfied when the inter-storey displacements obtained by the analysis in the presence of design seismic action relating to the SL and CU considered are less than the following limits indicated.
For CU I and II refer to the SLD (see Table 7.3.III) and must be:
a)
for in-fills rigidly connected to the structure which interfere with the deformability of the same:
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b)
for in-fills designed not to suffer damages following inter-storey displacement drp, by virtue of their intrinsic deformability or connections to the structure:
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c)
for constructions with load-bearing structures in ordinary masonry 
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d)
for constructions with load-bearing structures in reinforced masonry 
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e)
for constructions with load-bearing structures in confined masonry 
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where: 
dr
is the inter-story displacement, i.e. the difference between the displacements of the upper and the lower floor, calculated, in the case of linear analysis, according to § 7.3.3.3 or, in the case of non-linear analysis, according to § 7.3.4, on the calculation model not including the in-fills,
h
is the plan elevation.
For CU III and IV refer to the DLS (see Table 7.3.III) and the inter-storey displacements must be less than 2/3 of the limits previously indicated. 
If different types of in-fills or load-bearing structures exist on the same storey of the construction, the most restrictive displacement limit must be assumed. Should the inter-storey displacement be greater than 0.005 h (Case b) the checks on displacement capacity of the non-structural elements are to be extended to all in-fills, to the internal partitioning and utilities.
resistance verifications (res)
It must be verified that the individual structural elements and its structure possess a sufficient resistance capacity to meet the demand on the LLS.
The resistance capacity of the membranes and connections is evaluated in accordance with the rules laid down in previous chapters, integrated with the design rules defined from time to time in the subsequent paragraphs.
For structures with dissipative behaviour, the membrane capacity is calculated with reference to their ultimate behaviour, as defined from time to time in the subsequent paragraphs.
For structures with non-dissipative behaviour, the membrane capacity is calculated with reference to their elastic or substantially elastic behaviour, as defined from time to time in the subsequent paragraphs.
The resistance of materials can be reduced to take into account the degree of cyclic deformation, justifying it based on dedicated tests. In this case, the partial safety factors on materials γM the values set out in Chapter 4 are attributed for the accidental situations.
verifications of ductility (dut)
Verification must be carried out to ensure that the individual structural elements and the structure as a whole possess a ductility capacity:
· in the case of linear analysis, coherent with the behaviour factor q used and relative displacement, as defined in 7.3.3.3; 
· in the case of non-linear analysis, sufficient to meet ductility demand shown by the analysis. 
In the case of linear analyses, the ductility verification can be deemed met, respecting for all primary and secondary structural elements, specific regulations for construction details set out in this chapter for the different construction types; these regulations are to be considered additional to those set out in Chapter 4 and the provision set out in the capacity design regulations, the meeting of which is mandatory for the primary structural elements of the dissipative behaviour structure. 
For dissipative behaviour structures, where the specific regulations of construction details are not met, as set out in this chapter, ductility verifications are required. 
For the grade plane sections of the foundations or basic rigid-box structures pursuant to § 7.2.1 of the primary vertical structural elements, independently of the construction details adopted, ductility verification is required, where not otherwise specified in the subsequent paragraphs on the different construction types, making sure that the ductility capacity of the construction is at least equal to:
· 1.2 times the local ductility demand, evaluated in correspondence to the LLS, where linear models are used, 
· demand in local and overall ductility to the CLS, for non-linear models.
Ductility verifications are not required for designs with q ≤ 1,5.
7.3.6.2
non-structural elements (ns) 
stability verifications (sta)
For non-structural elements, measures must be taken to avoid possible expulsion under the action of Fa (see § 7.2.3) corresponding to LS and the CU considered. 
7.3.6.3
utilities (ut)
verifications of functioning (fun)
For utilities, it must be verified that structural displacement or accelerations (depending on whether the utilities are more vulnerable to the effects of the former or the latter) produced by the actions relative to LS and CU considered are not sufficient to interrupt the use of the same utilities. 
stability verifications (sta)
For each of the main utilities, the various functional elements making up the plant, including the structural elements that support and connect them, to each other and to the primary structure, must have sufficient capacity to support demand corresponding to LS and CU considered.
7.4.
CONCRETE CONSTRUCTIONS
7.4.1.
GENERAL 
In the case of non-dissipative structural behaviour, the membrane capacity must be evaluated in accordance with the rules set out in § 4.1, without any additional requirements, on the condition that in no section the peak normal compressive stress is exceeded in substantially elastic range, as defined in § 4.1.2.3.4.2. For beam-column nodes of structures with non-dissipative behaviour, the design rules in DC “B” contained in § 7.4.4.3 must be applied. For non-dissipative behaviour prefabricated structures, the general rules in § 7.4.5 are applicable.
In the case of dissipative structural behaviour, the structure must be designed and sized in such a way that, under seismic action relative to the LLS, it gives rise to the formation of a stable dissipative mechanism to the CLS, where the dissipation is limited to the zones designed for that purpose. The capacity of the membranes and connections must be evaluated in accordance with the regulations set out in paragraphs § 7.1 to § 7.3, integrated with the design rules and details provided in paragraphs § 7.4.4 to § 7.4.6. 
In evaluating the capacity, account can be taken of the effect of confinement (see § 4.1.2.1.2.1), as long as the loss of reinforcement coverings is considered upon reaching, in them, ultimate compression failure of unconfined concrete (0.35 %).
In this regard, in evaluating the capacity of structural elements, three different design strategies are permitted:
1) the effect of confinement is disregarded;
2) the effect of confinement for all structural elements is considered;
3) the effect of confinement is considered for all secondary vertical elements and for dissipative zones at the grade plane of the foundations or the basic rigid-box structure pursuant to § 7.2.1 of the primary vertical elements (columns and walls). 
The structures must be designed in such a way that the phenomena of degradation and reduction in rigidity that occur in the dissipative zones do not compromise the overall stability of the structure.
The non-dissipative elements of the dissipative structures and connections between the dissipative parts and the rest of the structure must possess a capacity sufficient to permit the development of the cyclic yield of the dissipative parts. Compliance with these standards aims to ensure these principles.
If masonry in-fills specially designed as load-bearing constitute a part of the structural system resistance to earthquake, it is recommended that their design and realisation is done in accordance with documents of time proven validity.
7.4.2.
MATERIAL CHARACTERISTICS 
7.4.2.1
Conglomerate
The use of conglomerate of a class inferior to C20/25 (see § 4.1) or LC20/22 is not permitted. 
7.4.2.2
Steel
For structures, B450C (see § 11.3.2.1) steel must be used. 
The use of B450A type steel is permitted, with diameters between 5 and 10 mm, for webs and trestles; the use is also permitted for transversal reinforcement only if at least one of the following conditions is met: elements where yield is impeded by hierarchy criteria of resistances, secondary elements pursuant to § 7.2.3, and structures with non-dissipative behaviour pursuant to § 7.2.2. 
7.4.3.
STRUCTURAL TYPES AND BEHAVIOUR FACTORS 
7.4.3.1
Structural types 
Seismo-resistant structures in reinforced concrete provided for in these standards can be classified into the following types: 
· frame structures, in which resistance to both vertical and horizontal action is attributed primarily to spatial frames, with shear resistance at the base ≥ 65 % of the total shear resistance;
· walled structures, in which resistance to vertical and horizontal actions is entrusted primarily to walls (see § 7.4.4.5), with shear resistance at the base ≥ 65 % of the total shear resistance, depending on the shape in-plan, are defined as simple or composite (see § 7.4.4.5); walls depending on the absence or presence of special ductile “coupling beams” distributed regularly the extent of the elevation, and are defined as single or coupled; 
· composite frame-wall structures, in which resistance to the vertical actions is primarily to the frames, resistance to horizontal actions in entrusted in part to frames and in part to walls, single or coupled; if more than 50 % of the horizontal action is absorbed by the frame, it is referred to as composite structures equivalent to frames, otherwise composite structures equivalent to walled;
· inverted pendulum structures, in which at least 50 % of the mass is in the upper third of the elevation of the structure and in which the dissipation of energy takes place mainly at the base of a single building element;
· single-storey framed inverted pendulum structures, in which at least 50 % of the mass is in the upper third of the height of the structure, where the columns are fixed at the top of the long beams in both primary directions of the building. In any case, for this type of structure, the axial force cannot exceed 30 % of the compression resistance of only the concrete section;
· torsionally deformable structures, comprising frames and/or walls, whose torsional rigidity does not meet the condition r2/ls2 ≥ 1, on every floor, in which: 
r2 = torsional radius to the square is, for each floor, the ratio between the torsional rigidity in regard to the centre of lateral rigidity and the greater of the lateral rigidity, taking into account only the primary structural elements, for framed or walled structures (as long as they are slender and with primarily bending deformation), r2 can be evaluated, for each floor, with reference to the moments of bending inertia in the sections of primary vertical elements.
ls2 = for each floor, is the ratio between the moment of polar inertia of the mass of the floor in regard to a vertical axis passing through the centre of the storey mass and the mass of the same storey; in the case of rectangular plan storey ls2 = (L2 + B2)/12, with L and B being the sizes of the storey in-plan.
A walled structure, within the terms defined above, is to consider a large lightly reinforced wall if the walls extend over a large part of the perimeter of the structural plan and incorporate special measures to ensure structural continuity to produce an effective box behaviour. In addition, in the horizontal direction in consideration, the structure must have a fundamental period, under uncracked conditions and calculated with the assumption of the absence of rotation at the base, no greater than TC.
7.4.3.2
Behaviour factors
The behaviour factor q to use for each direction of the horizontal seismic action is calculated as shown in § 7.3.1 and in Table 7.3.II.
For the purpose of determining the behaviour factor q, a structure is considered with coupled walls if the condition is verified that the total moment at the base, produced by horizontal actions, is balanced, for at least 20 %, of the couple produced by the vertical forces caused in the walls by the seismic action. 
Walled structures can be designed for DC”A” and DC”B”, while large lightly reinforced walls only in DC “B”. 
Structures with frames resistant to the seismic action that has occurred, also in just one of the main directions, with beams of a thickness must be designed in DC ”B”, except where these beams cannot be considered “secondary” structural elements. 
For regular structures in-plan, the following values of αu/α1 can be used:
a)
For frame structures and equivalent combination frame structures 
	-
single-storey frame structures
	αu/α1 = 1.1 

	-
frame structures with multiple storeys and a single span
	αu/α1 = 1.2 

	-
frame structures with multiple storeys and multiple spans
	αu/α1 = 1.3 


b)
Wall or combination structures equivalent to wall structures 
	-
structures with only two walls not coupled for horizontal direction
	αu/α1 = 1.0 

	-
other uncoupled wall systems
	αu/α1 = 1.1 

	-
coupled wall or combination structures equivalent to wall systems
	αu/α1 = 1.2 


For structural types different from those defined above, where a value of q > 1.5 intends to be used, the value used must be suitably justified by the designer by using non-linear analyses. 
7.4.4
SIZING AND VERIFICATION OF primary and secondary STRUCTURAL ELEMENTS
The indications below apply only to primary elements of buildings in elevation. Verifications of resistance and ductility are done using the methods indicated in § 7.3.6.1.
Overstrength factors γRd to use in individual verifications, according to the regulations on capacity design, are shown in Table 7.2.I. 
For foundation structures, the provisions of § 7.2.5 apply.
For the secondary structural elements of the structures in elevation, the provisions of § 7.2.3 apply. 
For structures, or parts of structures, designed with non-dissipative structural behaviour, the capacity of membranes subject to bending or buckling must be calculated, at the section level, to reaching the first yield curve yd pursuant to § 7.4.4.1.2.
7.4.4.1
Beams 
7.4.4.1.1
Resistance verifications (RES)
In every section, the capacity must be over or equal to the corresponding demand.
Flexure
Bending demand is obtained by the overall analysis of the structure for the load combinations pursuant to § 2.5.3. 
The bending capacity must be evaluated as indicated in § 4.1.2.3.4 based on the bending reinforcement effectively present, including the contribution of that placed inside the bearing width of any full slabs, if anchored outside the span in consideration (see Figure 7.4.1). 
[image: image431.jpg]Casoa
(pilastri estemi)

Casob
(pilastri interni)

Caso ¢
(pilastri esterni)

Caso d
(pilastri interni)

Fisura 7.4.1 — Larchezza collaborante delle travi.




Figure 7.4.1 – Load-bearing width of the beams
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The load-bearing width shall be assumed equal to the width of column bc (see Figure 7.4.1a) to which the beam joins, plus: 
-
two times the height of the slab of each side, where the beams join to internal beams (see Figure 7.4.1b); 
-
two or four times the height of the slab of each side in which a transversal beam at similar height is present, in the case of joining beams in exterior or interior columns respectively (see Figure 7.4.1c and 7.4.1d). 
In the case of perimeter beams, only the load-bearing on the interior side is considered.
Shear
For each direction and each direction of application of the seismic actions, shear demand is obtained from the condition of equilibrium of the beams, considered fixed at the extremities, subjected to gravitational loads and the action of design bending capacity in the two yield sections (generally those at the ends) determined as indicated in § 4.1.2.3.4 and amplified by the overstrength factor γRd pursuant to Table 7.2.I. 
Where the dissipative zones are not localised in the beams but in the elements that support them, shear demand is calculated based on the design bending capacity of these elements. 
For structures in DC”B”, shear capacity is evaluated as indicated in § 4.1.2.3.5.
For structures in DC”A”, the following applies:
· shear capacity is evaluated as indicated in § 4.1.2.3., assuming ctgθ =1 i n the dissipative zones;
· if in the dissipative zones the ratio between minimum and maximum shear demand is less than -0.5, and if the greater of the absolute values of the two demands exceeds the value:
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where bw is the width of the beam core and d is the useful height of its section, two tiers of diagonal reinforcement must be set in the vertical bending plane of the beam, one inclined by +45 ° and the other by -45 ° in respect of the beam axis. In this case, half the shear capacity must be entrusted to brackets and half to two tiers of inclined reinforcement, for which the following must result:
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where As is the area of each of the two tiers of inclined reinforcement.
7.4.4.1.2
Ductility verifications (DUT)
Ductility is quantified by the ductility factor which, for each of the parameters normally considered (curve, displacement), is the ratio between the peak value reached of the parameter in consideration and the value of the same parameter at first yield.
When it is necessary to verify (pursuant to § 7.3.6.1) that the structure possesses a local and overall ductility capacity greater than the corresponding demand, the following must be done, in reference to the curvature ductility (local) and displacement ductility (general).
Curve ductility demand to CLS in the dissipative zones, expressed by the curvature ductility factor µ(, where a direct determination is not done by non-linear analysis, can be evaluated approximately as: 
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where T1 is the fundamental period of the structure.
The curvature ductility capacity can be calculated as indicated in § 4.1.2.3.4.2.
Between the displacement ductility factor µd (see § 7.3.3.3) and the curvature ductility factor µ( the relationship µ( = 2µd -1 (usually conservative for reinforced concrete structures) exists, while between the displacement ductility factor µd and the behaviour factor q the relationship [7.3.9] (see § 7.3.3.3) exists. 
7.4.4.2
Columns
7.4.4.2.1
Resistance verifications (RES)
In every section, the capacity must be over or equal to the corresponding demand. 
Buckling
For structures in DC “A” and in DC “B” compression demand must not exceed 55 % and 65 % respectively of the maximum compression capacity in the section of only concrete, for all the combinations considered.
For the purpose of capacity design, for each direction and each application direction of the seismic actions, for each beam-column node (with the exception of nodes near the top of the columns for the last horizontal element), the overall bending capacity of the columns must be greater than the overall bending of the beams amplified by the factor γRd, in accordance with the expression: 
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where:
for the value of γRd see Table 7.2.I;
Mc,Rd
is the bending capacity of the column converging in the node, calculated for the levels of axial stress present in the seismic combinations of actions; 
Mb,Rd
is the bending capacity of the beam converging in the node. 
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Figure 7.4.2 – Capacity design of the columns
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In [7.4.4] it is assumed the node is in equilibrium and the column and beam moments are equal. If the moments in the column above and below the node are not equal, the higher moment at absolute value is taken as the first member of the formula [7.4.4], while the lower is added to the resistant moments of the beams (see Figure 7.4.2).
For the base section of the columns on the ground floor, the greater of the moment resulting from the analysis and the bending capacity Mc,Rd of the section at the top of the column is used. 
Comparison of the capacity-demand and buckling can be done simply by carrying out a direct buckling and bending capacity verification for each seismic application direction, with the bending capacity of the column reduced by 30 %.
In the case the elastic hardening model is used as in Figure 4.1.3.a, the bending capacity Mc,Rd and Mb,Rd are determined as specified in § 4.1.2.3.4.
Shear
For the purpose of the capacity design, for each direction of application of seismic action at shear VEd is obtained imposing the equilibrium with moments of extremity sections (superior and inferior) of the column
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where:
for the value of γRd see Table 7.2.I;
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	is the moment of the end section (superior or inferior) in correspondence to the formation of the beam hinges, where the summed values are those used in [7.4.4];
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 is the bending capacity in the end section (superior or inferior);
lp is the length of the column. 
Where in-fills do not extend the entire height of the adjacent columns, the shear demand to consider for the part of the column without infill is valued using the relation [7.4.5], where the height lp is assumed equal to the extension of the part of the column without infill.
The shear capacity in the columns is calculated as indicated in § 4.1.2.3.5. 
7.4.4.2.2
Ductility verifications (DUT)
The provisions of § 7.4.4.1.2 apply.
7.4.4.3
Beam-column nodes 
A node is defined as the area of the column over the beams that adjoin in it.
There are two types of nodes:
‒
entirely confined: when a beam is adjoined in each of the four vertical faces; the confinement is considered realised when, on each face of the node, the section of beam covers at least 3/4 the width of the column and, on both the couple of opposite faces of the node, the sections of the beams cover at least 3/4 the height; 
‒
not entirely confined: when they do not belong in the previous category. 
7.4.4.3.1
Resistance verifications (RES)
The node must be designed in a way that avoids early failure in regard to the zones of the beams and columns that meet in it. 
In every node, the shear capacity must be over or equal to the corresponding demand. 
The shear demand in horizontal direction must be calculated taking into account the most adverse stresses that can occur in the elements in it as an effect of the seismic action. In the absence of more accurate evaluations, the shear demand acting on the concrete core in the node can be calculated, for each direction of seismic action, as: 
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where the value of γRd is shown in Table 7.2.I, As1 and As2 are the area of superior and inferior reinforcement of the beam respectively, and VC is the shear strength of the column above the node, deriving from the analysis in seismic conditions. 
The shear forces acting on the nodes must correspond to the seismic action direction with the most adverse effect , which shall be taken into account when choosing the values As1, As2 e VC to be used in the expressions [7.4.6] and [7.4.7].
The shear capacity of the node is supplied by a trestle mechanism which, after diagonal cracking, sees a compression shear mechanism and tensile shear mechanism occur at the same time. Therefore, the requirements ensuring the efficacy of the two mechanisms must be met.
The compression in the diagonal strut caused by the trestle mechanism must not exceed the concrete resistance to compression. In the absence of more accurate models, the requirement can be deemed met if: 
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where 
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 with fck expressed in MPa
	[7.4.9]


and αj is a factor that is 0.6 for interior nodes and 0.48 for exterior nodes, νd is the axial force of the column above the node, normalised in regard to the compression resistance in the section of only concrete, hjc is the distance between the most exterior lie of the column reinforcements, bj is the effective width of the node. The latter is assumed equal to the lesser of: 
a)
the greater of the widths of the section of column and the section of the beam; 
b)
the lesser of the widths of the section of column and the section of beam, both increased by half the height of the column section. 
To avoid that the maximum diagonal tension of the concrete exceeds fctd, adequate confinement must be provided for. In the absence of more accurate models, horizontal brackets of a diameter no less than 6 mm can be used in the node, in order that: 
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where the symbols already used have the meaning illustrated above, Ash is the total area of the section of the brackets and hjw is the distance between the lie of superior and inferior beam reinforcement. 
Alternatively, the integrity of the node following diagonal cracking can be ensured integrally by the horizontal brackets if: 
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 for exterior nodes
	[7.4.12]


where for the value of γRd see Table 7.2.I, As1 and As2 have the value shown previously, νd is the normalisesd axial force acting above the node, for interior nodes, beneath the node, for exterior nodes.
7.4.4.4
Horizontal diaphragms
7.4.4.4.1
Resistance verifications (RES)
The horizontal elements must be able to transmit the forces obtained by the analyses, increased by 30 %.
7.4.4.5
Walls
A wall is defined a structural support element for other elements that has a rectangular transverse section or comparable section, even in sections, characterised in each section by a ratio between the maximum in-plan dimension lw and minimum dimension bw lw/bw > 4 (see Figure 7.4.3). The walls can have a horizontal section comprising one (simple wall) or more (composite wall) rectangular segments. Simple walls can have attachments with lw/bw ≤ 4. It is recommended that the walls comprising multiple connecting rectangular segments that intersect (sections L, T, U or similar) are considered whole units, that consist of one or more parallel cores, or approximately parallel, in the direction of the shear force of seismic shear acting and one or more normal flanges or approximately normal on it. The walls are defined as slender if the ratio hw/lw > 2, squat if the contrary is true, with hw being the total height of the wall (see Figure 7.4.3) measured from the base
7.4.4.5.1
Resistance verifications (RES)
The capacity must be over or equal to the corresponding demand.
In the case of simple walls, resistance verification is done with reference to the base rectangle having the larger size lw and smaller size bw. To this end, the base of the wall is intended as the top of its foundation storey or the top of the embedded box structure with rigid diaphragms and perimeter walls; in the latter case verification of the basic box structure is however necessary.
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Figure 7.4.3 – Sections resistant to the simple and composite walls (the arrow indicates the direction of the seismic action)
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For composite walls, resistance verification considers the part of the section made up of the parallel cores, or approximately parallel, to the direction of the seismic action examined, and assuming that the effective width of the flange on each side of the core considered is extended, from the face of the core, by the lesser value of (see Figure 7.4.3):
a)
actual width (lf) of the flange;
b)
25 % of the total height of the wall (hw) above the level considered;
c)
half of the distance (d) between adjacent cores.
Between primary seismic walls (see § 7.2.3), for individual walls, a redistribution of the effects of seismic action up to 30 % is permitted, as long as the reduction does not equal the total resistance demand of the walls. It is recommended that the shear force be redistributed together with bending moments, in order for the ratio between bending moments and the shear forces of the individual walls does not vary appreciably. In walls subject to great axial action variations, for example coupled walls, it is recommended that moments and shears are redistributed by the walls subject to modest compression or simple tension rather than those subject to an elevated axial compression.
Between beams connecting coupled walls, for single beams, redistribution of the effects of seismic action up to 20 % is permitted, as long as the axial seismic action at the base of each individual wall does not vary.
In the absence of more accurate analysis, design demand in the walls can be determined using the simplified procedures illustrated below. 
Buckling 
For slender walls only, both DC”A” and DC”B”, demand in terms of bending moments along the height of the wall (line c in Figure 7.4.4) is obtained by translation upwards from the envelope of the diagram of moments (line b in Figure 7.4.4) deriving from moments supplied by the analysis (line a in Figure 7.4.4); the envelope can be assumed linear if the structure does not have significant discontinuities in terms of mass, rigidity and resistance along the height.
The translation must be in accordance with the inclination of the compressed elements in the mechanism resistant to shear and can be assumed equal to hcr (height of the base of the dissipative inelastic zone). 
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Figure 7.4.4 – Translation of the diagram at bending moments for wall and combination systems
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In the absence of more accurate analyses, it can be assumed that the height of the dissipative zone hcr above the base of the wall, can be evaluated complying with the following conditions:
	hcr = max(1 w,hw/6) as long as 
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	for ≤ 6 storeys
	

	
	
	for ≥ 7 storeys
	


where lw and hw have the meaning shown in Figure 7.4.3, n is the number of building storeys, hs is the clearance height of the storey.
For all walls, demand in normal compression force must not exceed 35 % in DC”A” and 40 % in DC”B” respectively of the maximum compression capacity in the concrete-only section, for all the combinations considered.
The verifications must be conducted in the way indicated for the columns in § 7.4.4.2.1 taking into account, in the determination of the capacity, of all the longitudinal reinforcements present in the wall. 
For large lightly reinforced walls the compression tensions must be limited in the concrete to prevent out-of-plane instability, according to the provisions of § 4.1.2.3.9.2 for individual columns. If the behaviour factor q is greater than 2, the additional dynamic axial force demand must be taken into account, that is generated in the walls as an effect of the opening and closing of horizontal cracks and lifting from the ground. In the absence of more accurate analysis, the axial force demand due to gravitational loads relative to the seismic design combination can be assumed to be equal to ±50 %. 
Shear
For the walls, the possible increase in shear strength after formation of the plastic hinge at the base of the wall must be taken into account. To this end, design shear demand must be increased by the factor:
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	for squat walls
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where for γRd see Table 7.2.I, and with MEd and MRd the bending design moments are indicated in demand and capacity at the base of the wall respectively, with T1 the fundamental vibration period of the building in the direction of seismic action, with Sand(T) the ordinate of the spectrum of the corresponding elastic response at the T abscissa.
In combination structures, the shear of slender walls must take into account the stresses due to the upper modes of vibration. To this end, shear deriving from the analysis (line a in Figure 7.4.5) can be replaced by the shear increased (line b in Figure 7.4.5), and the latter from the envelope diagram (line c in Figure 7.4.5); hw is the height of the wall, VA is the shear at the base already increased, VB is the shear at 1/3 of the heightw, which however must be assumed to be equal at least to VA/2.
[image: image456.emf]
Figure 7.4.5 – Diagram of envelope of the shear forces in the combined structure walls
For large lightly reinforced walls, to ensure that the bending yield precedes the ultimate limit state being reached for shear, the shear deriving from the analysis must be amplified, at each storey, by the factor (q+1)/2.
In verifications of the walls, both in DC “A” and in DC “B”, consideration must be given to: possible failure from shear-compression of the core concrete, possible from shear-tensile failure of the core reinforcement, and possible failure by displacement in the dissipative zones.
Verification in shear-compression of the core concrete
The determination of the resistance is conducted in accordance with § 4.1.2.3.5, assuming an arm of inner forces z equal to 0.8 lw and an inclination of the compressed diagonal equal to 45°. In the dissipative zones this resistance is multiplied by a reduction factor of 0.4.
Shear-tensile verification of the reinforcement of the core
The calculation of the core reinforcement must take into account the shear ratio αs = MEd /(VEd lw). For the verification, the peak value of αs is considered at every storey.
If αs ≥ 2, the resistance is determined in accordance with § 4.1.2. 3.5, assuming an arm of the interior forces z equal to 0.8 lw and an inclination of the compressed diagonal equal to 45°. Otherwise, the following expressions are used:
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where ρh and ρv are the ratios between the area of the section of horizontal or vertical core reinforcement, respectively, and the area of the relative concrete section, fyd,h and fyd,v are design values of the resistance to the horizontal and vertical reinforcements, NEd is the axial design force (positive if from compression), VRd,c is the shear resistance of non-reinforced elements, determined in accordance with § 4.1.2.3.5.1, assumed to be zero in the dissipative zones when NEd is tensile. 
Displacement verification in dissipative zones
On possible displacement planes (for example, construction joints) located inside the dissipative zones it must result:
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where VRd,S is the design value of shear resistance in regard to the displacement 
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in which Vdd, Vid and Vfd represent the contribution of the “pin” effect of the vertical reinforcement, the contribution of the inclined reinforcement present at the base, and the contribution of resistance due to friction respectively, and are given by the expressions: 
	Vdd = min
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	Vfd = min
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where η is given by the expression [7.4.9] (in which αj = 0.60), µf is the friction factor for concrete-concrete under cyclic actions (it can be assumed to be equal to 0.60), ∑ Asj is the sum of the areas of vertical bars intersecting the storey containing the potential sliding plane, ξ is the height of the compressed part of normalised section at the height of the section, Asj is the area of each inclined reinforcement that crosses the storey and with it forms angle φi. 
For squat walls, the result must be Vid>VEd/2. 
The presence of inclined reinforcement increases the bending resistance at the base of the wall that must be considered when the design shear is determined VEd. 
7.4.4.5.2
Ductility verifications (DUT)
The curvature ductility demand in the dissipative zones of the walls may be expressed by the curvature ductility factor µ(,; when a direct determination is not made by non-linear analysis, this demand may be evaluated attributing to μ the values provided by [7.4.3] of § 7.4.4.1.2 with the value of q in these expressions reduced by factor MEd/MRd, where MEd is the design bending moment at the base of the wall provided by the analysis of the design seismic situation and MRd is the design bending resistance.
The curvature ductility factor can be calculated, in terms of curvature ductility factor µ(, as the ratio between the curvature u to which a reduction of 15 % of the maximum bending resistance corresponds – or the reaching of ultimate deformation of the concrete and/or steel – and the conventional initial yd yield curve as defined in § 4.1.2.3.4.2. 
In the ends only of the transverse section, called “end regions”, account may be taken of the effect of confinement in calculating capacity, where jointly with the expulsion of the reinforcement coverings upon reaching permanent deformation of unconfined concrete in compression (0.35 %); the end regions (background areas in Figure 7.4.6) are assumed to have width b0 equal to width bw of the section reduced by the thickness of the cover concrete and length lC equal to the extension of the area where deformation of concrete in compression exceeds cu2=0.35 %. In any case: lC ≥ max (0.15 lW, 0.15 bW). 
[image: image464.emf]
Figure 7.4.6 – End regions of a wall, diagram of corresponding curvature, example diagram of confinement reinforcement
The value of xu is taken from the condition of section equilibrium in the seismic design combination making reference, for the evaluation of permanent deformation of the concrete cu2,c, to the quantity of confinement reinforcement effectively present (see § 4.1.2.1.2.1). 
In the case of using the simplified formula indicated in § 7.4.6.2.4 to perform the ductility verification, it can be supposed 
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7.4.4.6
Coupling beams for wall systems 
Verification of coupling beams shall be done according to the procedures contained in § 7.4.4.1 if at least one of the two following conditions is met:
‒
the ratio between net span and height is equal to or more than 3;
‒
the design shear strain is:
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b being width and d the useful height of the section. 
If the preceding conditions are not met, the shear strain must be absorbed by two sets of diagonal reinforcements, with stirrups, set out in an X on the beam that anchor to the adjacent walls, with equal section, for each diagonal, with As to meet the relationship: 
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φ being the minimum angle between each of the two diagonals and the horizontal axis. 
Beams with height equal to the thickness of the floor are not to be considered effective for the purpose of coupling. 
7.4.5
COSTRUCTIONS WITH PREFABRICATED STRUCTURE 
The prefabrication of parts of a structure designed to meet to the provisions on reinforced concrete buildings requires demonstration that the connection of the parts confers the assumed performance to the structure, in terms of resistance, rigidity and ductility, in the calculation model. 
For the transmission of horizontal forces between the parts of the structure, it is never permitted to rely on friction consequent to gravitational loads, unless devices expressly designed for that purpose are present. 
The provisions of § 7.4.5 herein are additional to those in the previous chapters, in terms of being applicable and explicitly not modified. 
7.4.5.1
Structural types and behaviour factors 
The types of structural systems already defined in § 7.4.3.1 with, in addition, the following:
‒
panel structures;
‒
monolithic beam-column structures;
‒
structures with fixed-base columns and hinged horizontally.
The maximum values of qo for the latter categories are shown in Table 7.3.II.
Other types can be used justifying the behaviour factors used and using detailing rules to ensure the general safety requirements set out in these standards. 
In prefabricated structures, the energy dissipation mechanism is associated primarily with plastic rotation in the dissipative zones. In addition, dissipation can occur through shear plastic mechanisms in the connections, where the return forces do not significantly diminish following seismic action cycles and instability phenomena are avoided. In the choice of the overall behaviour factor q dissipation capacities for shear mechanisms can be considered, especially in prefabricated wall systems, taking into account the local ductility values of slide µs. 
In structures with columns fixed at the base and horizontally connected to them by fixed hinges, energy is dissipated only in the sections of columns at the grade plane of the foundations or the base rigid-box structure pursuant to § 7.2.1. To ensure the efficacy of this dissipation, verification of ductility is required in these areas, independently of the construction details used. To this end, recourse to [7.4.29] is not permitted pursuant to § 7.4.6.2.2.
7.4.5.2
Connections
Connections between the prefabricated elements - and between these and the foundations - substantially condition the static behaviour of the structural body and its response under seismic actions. 
The connections between prefabricated elements, structural and non-structural, must be specially designed to ensure the binding conditions provided in the structural diagram and possess displacement capacity and greater resistance to the corresponding demands.
The mechanical devices that make up these connections must be qualified according to the procedures set out in § 11.8.
For panel structures, the suitability of the connections between the panels made using bolted or welded joints, must be adequately demonstrated through testing. 
For frame structures, the connections between mono-dimensional elements (beam-column) must guarantee the congruence of vertical and horizontal movements, and the transfer of stresses must be ensured by mechanical devices. A sliding bearing can be coupled to this at the other end of the beam. The extent of the sliding plane must be, with ample margin, greater than the movement due to seismic action. 
For structures and columns fixed at the base and connected horizontally to them, the connection between the column and horizontal element must be hinge type (rigid or elastic). Sliding bearings are possible at the joints. Simple bearing prefabricated beams must be structurally connected to the columns or walls (bearing). The connections must ensure the transmission of horizontal forces of the seismic design situation relying on friction. This is also applicable for connections between the secondary elements of the deck and supporting beams. 
Connecting elements should be checked to make sure they do not give rise to local buckling on the conglomerate when repeated load cycles are applied.
In all cases, the connections must be able to absorb relative movements and transfer forces resulting from the analysis, with adequate safety margins. 
In addition to the preceding general rules, in structures with dissipative behaviour, the following specific rules also apply.
For prefabricated elements and their connections, account must be made of the possible degradation following cyclic deformation in plastic range. When necessary, the design resistance of prefabricated connections evaluated for non-cyclic loads must be suitably reduced for verifications under seismic actions.
In the case of connections between non-monolithic prefabricated elements, that substantially influence the static behaviour of the structural body, and therefore also the response under seismic action, the three following situations are possible, each of which must correspond to a suitable sizing criterion: 
a)
connections located outside the dissipative zones, that therefore do not influence the dissipative capacity of the structure; 
b)
connections located near the dissipative zones provided for at the ends of the prefabricated elements, but oversized in order for them not to comprise the yield point in the same dissipative zones; 
c)
connections located in the dissipative zones at the ends of the prefabricated elements, fitted with necessary characteristics in terms of ductility and the quantity of energy that can be dissipated. 
7.4.5.2.1
Design rules 
Frame structures 
The following design rules are applicable to frame structures with dissipative behaviour.
Connections at a distance from the dissipative zones or type a) 
The connection must be located at a distance from the end of the element, beam or column, where the dissipative zone is, equal at least to the length of the section where the transversal containment reinforcement is, pursuant to § 7.4.4.1.2 and § 7.4.4.2.2, increased by one time the useful height of the section. 
The connection resistance must be no less than the local design stress. For the moment of demand, the greater is assumed between the value deriving from the analysis and the value taken, with the capacity design, from capacity moments in the adjacent dissipative zones multiplied by the overstrength factor γRd pursuant to Table 7.2.I. The design shear is determined with the capacity design rules pursuant to § 7.4.4.1.1 (beams) and § 7.4.4.2.1 (columns), using the overstrength factor γRd pursuant to Table 7.2.I. 
Oversize connections or type b) 
The parts of the elements adjacent to the unions must be sized following the same capacity design procedures provided for in § 7.4.4 for structures poured on location, in function of the ductility class used, and with relative reinforcement details that ensure the required ductility. The overstrength factor used is in Table 7.2.I.
The longitudinal reinforcements of the connections must be completely anchored before the terminal sections of the dissipative zones. The reinforcements in the dissipative zones must be completely anchored outside the connections. 
For structures in DC"A" the joints of columns inside the nodes and dissipative zones is not permitted. 
Connections that dissipate energy or type c) 
Without analytical demonstration that the function of the connection is equivalent to one made in construction and that meets the provisions of § 7.4.4, the structure is comparable to a monolithic type. 
The suitability of joints to realise the plastic mechanism provided for frame structures and meet the global and local demands of cyclic ductility in the measure corresponding to DC “A” and “B” can be inferred from time proven regulations or tests in real scale that include at least three complete deformation cycles of a scope corresponding to the behaviour factor q, performed on significant structural sub-sets. 
Structures with fixed-base columns and hinged horizontally 
Sliding bearing connections are permitted only for single-storey structures and must be sized as indicated in § 7.2.2.
In addition to the preceding general rules, in structures with dissipative behaviour, the following specific rules also apply.
For single-storey structures, the shear resistance of hinge connections must not be less than the horizontal force needed to induce a bending moment in the column base section equal to the ultimate compressive stress, multiplied by an overstrength factor γRd pursuant to Table 7.2.I.
For multi-storey structures, the hinge structures must be sized according to the plane force in equilibrium with the shear diagram resulting from the indications provided in the “Columns” section of § 7.4.5.3.
7.4.5.2.2
Evaluation of resistance 
The resistance of the connections between the prefabricated elements must be evaluated with the same partial safety factors applicable to non-seismic situations, as indicated in § 4.1.2.1.1, § 4.2.4.1.1, § 4.2.4.1.4 or § 4.2.8, accordingly. 
In evaluating the resistance to sliding, the friction due to external compression forces must be disregarded. 
In dissipative structures, the steel elements used to make the connection must have resistance, ductility and dissipation characteristics compliant with the design provisions.
7.4.5.3
Structural elements 
The design rules for non-prefabricated elements are applicable for structural elements. 
Columns 
For structures with fixed-base columns and hinged horizontally, columns must be fixed at the foundation with full supports. 
For structures with dissipative behaviour, column-column connections in the dissipative zones are permitted only for structures in DC “B”. 
For structures with dissipative behaviour with multiple level columns fixed at the base and with beams hinged to the columns, the increase in shear must be considered, to be evaluated in accordance with [7.4.14].
Prefabricated panel walls 
Degradation of the connection resistance must be avoided. This requirement is deemed met if all the vertical conditions are rough or have shear connectors and with verified shear. 
In the verification of horizontal connections, the axial tensile force must be carried by vertical longitudinal reinforcement laid out on the tension zone of the panel and completely anchored in the body of panels above and below. For connections that are only partially in tension under seismic actions, the verification of resistance to shear must be made exclusively considering the compressed zone; in this case as the value of the axial force, the value of the result of compression on this zone must be considered. 
Diaphragms 
The diaphragm behaviour is made more effective if special supports are provided in the horizontal connection zones. A suitable reinforced concrete cap poured in-situ can significantly improve the rigidity of the diaphragms. 
The tensile forces must be supported by special reinforcements placed along the perimeter of the diaphragm and internal connections with other prefabricated elements. If a reinforced concrete cap poured in-situ is used, the reinforcement can be positioned in the cap itself. 
The support elements, below and above the diaphragm, must be suitably connected to it; to this end, the forces of friction due to the external compression forces are not considered. For structures with dissipative behaviour structures, the shear forces along the plate-plate or plate-beam connections must be multiplied by an augmentative factor of 1.30. 
7.4.6
CONSTRUCTION DETAILS for structures with dissipative behaviour
The indications on construction details provided below are applied to reinforced concrete structures with dissipative behaviour, whether poured in-situ or prefabricated. The construction details are articulated in terms of: 
‒
geometric limitations, 
‒
reinforcement limitations.
7.4.6.1
Geometric limitations 
7.4.6.1.1
Beams 
The width b of the beam must be ≥ 20 cm and, for beams “the thickness of the floor” must be not greater than the width of the column, increased on each side by half the height of the transverse section and the beam itself, resulting however no greater than two times bc, bc being the width of the column measured orthogonally to the beam axis. 
The b/h ratio between the width and height of the beam must be ≥ 0.25. 
There must be no eccentricity between the axis of the beams supporting false columns and the axis of the columns that support them. The beams must have at least two supports, made up of columns or walls. 
The dissipative zones extend, for DC ”A” and DC ”B”, for a length of 1.5 and 1.0 times the height of the beam section respectively, measured starting from the face of the beam-column node or both the sides starting form the first yield section. For beams that support a false column, a length equal to two times the height of the section measured by both column faces is assumed. The walls shall not rely for their support on beams or slabs. 
7.4.6.1.2
Columns 
The minimum size of the transverse section must not be less than 25 cm. 
If θ, as defined in § 7.3.1, is > 0.1, the size of the transverse section in the direction parallel to the bending plane must not be less than a twentieth of the greater of the distances between the point where the bending moment is annulled, and the ends of the column. This latter geometric limitation does not apply when the effects of the second type are taken into account, increasing the effects of the seismic by a factor of 1/(1-θ) when θ is between 0.1 and 0.2, or calculated through non-linear analysis when θ is between 0.2 and 0.3.
In the absence of more accurate analysis, it can be assumed that the length of the dissipative zone is the greater of: the height of the section, 1/6 of the clearance height of the column, 45 cm, the clearance height of the column when this is less than three times the height of the section.
7.4.6.1.3
Beam-column nodes 
To the extent possible, eccentricities between the beam axis and the column access concurrently in a node are to be avoided. When this eccentricity exceeds 1/4 of the width of the column, the transmission of forces must be ensured by reinforcement sized accordingly for the purpose. 
7.4.6.1.4
Walls 
The walls shall not rely for their support on beams or slabs. 
The thickness of the walls, even when lightly reinforced, must be no less than the greater of 15 cm (20 cm in the case where connection beams are to be used, pursuant to § 7.4.4.6, inclined reinforcement) and 1/20 of the inter-storey clearance height. 
Structures with boxed function with a single level not destined for residential use can derogate from that limit, on the justified indication of the designer. 
Openings arranged irregularly must be avoided, unless their presence is not specifically considered in the analysis, in the size and layout of the reinforcement. 
7.4.6.2
Reinforcement limitations 
Bar joints that are welded or made by mechanical devices are forbidden in dissipative zones of structural elements. In columns and walls, bar joints with mechanical connection devices are permitted if devices and elements, qualified according to the provisions of § 11.3.2.9, are subject to appropriate testing in comparable conditions with the ductility class chosen.
7.4.6.2.1
Beams 
Longitudinal reinforcements 
At least two bars with diameter no less than 14 mm must be present above and below, for the entire length of the beam. 
In each section of the beam, unless justifications show that the collapse method in the section are coherent with the ductility class used, the geometric ratio ρ relating to the tension reinforcement, independently of whether the tension reinforcement is on the upper edge of section As or the lower edge of section Ai, must come without the following limits: 
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where: 
ρ
is the geometric ratio relative to the tension reinforcement, equal to As/(b·h) or to Ai/(b·h);
ρcomp
is the geometric ratio relative to the compressed reinforcement;
fyk
is the characteristic yield value of the steel (in MPa).
In addition ρcomp must be ≥ 0.25 ρ everywhere, and in the dissipative zones ρcomp ≥1/2 ρ. 
The upper reinforcement, set out for the negative moment at the ends of the beams, must be contained, for at least 75 %, within the width of the core and however, for the sections T or L, within a part of the slab equal to the width of the column, or the width of the column increased by two times the thickness of the slab by each side of the column respectively depending on whether there is an orthogonal beam in the node. At least ¼ of the above-mentioned reinforcement must be maintained the entire length of the beam. 
The longitudinal reinforcements of the beam, both upper and lower, must, as a rule, go through the nodes without anchoring or joints to be overlaid. When this is not possible, the following provisions apply: 
‒
the bars are anchored beyond the opposite face to the intersection with the node, or turned vertically at that face, containing the node; 
‒
the anchorage length of the tension reinforcements is calculated in such a way as to develop a bar tension of 1.25 fyk, and measured starting from a distance of six diameters from the inward face of the column. 
The part of the longitudinal reinforcement of the beam that is anchored beyond the node cannot terminate in a dissipative zone, but must anchor beyond that. 
The part of the longitudinal reinforcement of the beam that is anchored to the node must be located inside the column stirrup. To prevent disengagement of the reinforcements, the diameter of non-inclined bars must be ≤ αbL times the height of the section of column, being 
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	for exterior nodes
	


where: 
νd
is the design normalised axial force; 
kD
is 1 or 2/3, for DC ”A” and for DC “B” respectively; 
γD
is 1.2 or 1, for DC ”A” and for DC “B” respectively. 
If it is not possible to meet this limit for external nodes, the beam can be extended beyond the column, welded bar type plates can be used, the bars can be folded for a minimum length equal to 10 times their diameter using a special transversal reinforcement behind the fold.
Transversal reinforcements 
Containment stirrups must be used in the dissipative zones. The first closed stirrup must be no more than 5 cm from the section flush with the column, the next ones must be set out at an interval no greater than the lower of the following: 
‒
a quart of the useful height of the transverse section;
‒
175 mm and 225 mm, for DC ”A” and DC “B” respectively;
‒
6 times and eight times the minimum diameter of the longitudinal bars considered for the purpose of verifications, for DC ”A” and DC “B” respectively 
‒
24 times the diameter of the transversal reinforcements. 
Closed stirrups are intended as being a rectangular, circular or spiral stirrup, with minimum diameter of 6 mm, with extended hooks at 135°, at the two ends, for at least 10 diameters. The hooks must be secured to the longitudinal bars. 
7.4.6.2.2
Columns 
Where the in-fills do not extend for the entire height of the adjacent columns, the resulting reinforcement must be extended for a distance equal to the depth of the column beyond the area with no infill. Where the height of the area with no infill is less than 1.5 times the depth of the column, bi-diagonal reinforcement must be used.
In the previous case, where the infill is present on only one side of a column, the transversal reinforcement to place at the extremities of the column pursuant to § 7.4.5.3. must be extended the entire height of the column. 
Longitudinal reinforcements 
For the entire length of the column, the spacing between the bars must not exceed 25 cm. 
In the continuous section of the column, the geometric percentage ρ of longitudinal reinforcement, with ρ ratio between the area of the longitudinal reinforcement and the area of the section of the column, must be within the following limits: 
	1% ≤ ρ ≤ 4% 
	[7.4.28]


If under seismic action the axial force of a column is tensile, the length of anchorage of the longitudinal bar must be increased by 50 %. 
Transversal reinforcements 
At the extremities of all primary and secondary columns for a length equal to the dissipative zone, the following conditions must be met: the bar set out on the angles of the section must be closed by the stirrup; the distance between the two bars constrained consecutively, must not be greater than 15 cm and 20 cm, DC ”A” and DC ”B” respectively.
To this end, engaged bars are intended as those directly held by stirrups or cross ties. 
The diameter of the closed stirrup and cross ties must be no less than:
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 for DC ”A” and 6 mm for DC ”B”, where dbl,max is the maximum diameter of the longitudinal bars, fyd,l and fyd,st are the design yield stress of the longitudinal bars and the stirrups, respectively.
The interval of the closed stirrup and cross tie must not exceed the smaller of the following quantities: 
‒
1/3 and 1/2 of the lesser side of the transverse section, DC ”A” and DC ”B” respectively;
‒
12.5 cm and 17.5 cm, for DC ”A” and DC “B” respectively;
‒
5 6 and 8 times the diameter of the connecting longitudinal bars, for DC ”A” and DC “B” respectively.
In any case, at the ends of all the primary columns, for a width equal to that of the dissipative zones, the ratio wd defined in [7.4.30] must not be less than 0.08. 
Construction details for ductility
For the dissipative zones to the grade plane of the primary columns and for the end regions of all secondary columns, the ductility verifications indicated in § 7.4.4.2.2 must be made. Alternatively, these verifications must be considered met if, for each dissipative zone, the following limitations are met:
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	Wwd = 
	volume of the closed stirrups
	.
	fyd
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	volume of the concrete core
	
	fcd
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where:
wd is the mechanical ratio of the transversal confinement reinforcement inside the dissipative zone (the concrete core is identified with reference to the average line of the stirrups) that must be no less than 0.12 in DC”A” .
 is the curvature ductility at CLS;
d is the design non-dimensionalised axial force relative to the seismic combination LLS (d = NEd/Ac·fcd);
sy,d is the deformation yield value of the steel;
hc is the depth of the gross transverse section;
h0 is the depth of the confined core (with reference to the mean line of the stirrups);
bc is the minimum width of the gross transverse section;
h0 is the width of the confined core (with reference to the mean line of the stirrups);
 is the effective confinement factor, equal to  = n ∙ s, with:
a)
for rectangular transverse sections
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where: n is the total number of longitudinal bars contained laterally by stirrups or cross ties, bi is the distance between consecutive contained bars and s is the stirrup interval;
b)
for circular transverse sections with diameter of the confined core D0 (with reference to the mean line of the stirrups)
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 where: n is the total number of longitudinal bars contained laterally by stirrups or cross ties, bi is the distance between consecutive contained bars; = 2 for single circular stirrups,  = 1 per spiral stirrup.
7.4.6.2.3
Beam-column nodes 
In addition to the verification requirements set out in § 7.4.4.3.1, along the longitudinal reinforcements of the column that cross the nodes, closed stirrups must be set out in a quantity at least equal to the higher number provided for in the zones adjacent to the lower and upper column node zones; in the case of entirely encased nodes, the resulting interval of the horizontal confinement reinforcement in the node can be double, but it cannot be greater than 15 cm. 
7.4.6.2.4
Walls 
For the parts of the wall, in-plan and elevation, outside a dissipative zone, the regulations set out in Chapter 4 are to be followed with minimum vertical and horizontal reinforcement, aimed at controlling the shear cracking, with a geometric ratio ρ referring to the area of horizontal and vertical section at least equal to 0.2 % respectively. However, in those parts of the section where, in the design seismic situation, the compression deformation c is greater than 0.2 %, a geometric ratio is recommended of vertical reinforcement ρ ≥ 0.5 %.
The reinforcements, both horizontal and vertical, must have a diameter no greater than 1/10 of the thickness of the walls, they must be set on both sides of the wall, at an interval no greater than 30 cm, they must be connected with cross ties, with at least nine cross ties every square metre. 
Longitudinal reinforcements 
In the edge elements in dissipative zones, the longitudinal reinforcement must comply with the provisions provided for the dissipative zones of the primary columns set out in § 7.4.6.2.2.
Transversal reinforcements 
In the edge elements in dissipative zones, the transversal reinforcement must comply with the provisions provided for the dissipative zones of the primary columns set out in § 7.4.6.2.2.
Inclined reinforcements 
Inclined reinforcements that cross potential reinforcement displacement surfaces must be effectively anchored above and below the displacement surfaces and through all sections of the wall located above it and at a distance from it less than the lesser of ½hw and ½lw.
Construction details for ductility
For the dissipative zones at the base of the primary wall, the ductility verifications indicated in § 7.4.4.5.2 must be carried out. Alternatively, these verifications must be deemed met if, for each dissipative zone, the volumetric ratio of transversal reinforcement in the edge elements meets the following limitations:
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	volume of the concrete core of the edge elements
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where the symbols have the meaning of [7.4.29] and 
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being the geometric ratio and design yield value resistance to the vertical reinforcement outside the edge elements respectively.
7.4.6.2.5
Coupling beams 
In the case of X reinforcement, each of the two reinforcement brackets must be closed by spiral reinforcement or closed stirrups with an interval no greater than 100 mm. 
In this case, in addition to the diagonal reinforcement, reinforcement of a diameter of at least 10 mm must be set in the beam, distributed at an interval of 10 cm in the longitudinal and transversal direction and continuous reinforcement of two bars of 16 mm to the upper and lower edges.
The anchorage of the reinforcement to the walls must be 50 % longer than that required for sizing in non-seismic conditions. 
7.5.
STEEL BUILDINGS
In the case of non-dissipative structural behaviour, the capacity of the membranes and connections must be evaluated in accordance with the regulations set out in § 4.2 of these standards, without additional requirements.
In the case of dissipative structural behaviour, the capacity of the membranes and connections must be evaluated in accordance with the regulations set out in § 7.1 to § 7.3 of these standards, integrated with the design rules and details provided in § 7.5.3 to § 7.5.6. The structures must be designed in such a way that the phenomena of degradation and reduction in rigidity that occur in the dissipative zones do not compromise the overall stability of the structure.
In dissipative zones, in order to ensure that the same are formed in accordance with the design prescriptions, the possibility that the real limit of the yield value of steel is greater than the nominal limit must be taken into account through a suitable factor γov, defined in § 7.5.1.
The non-dissipative elements of the dissipative structures and connections between the dissipative parts and the rest of the structure must possess a capacity sufficient to permit the development of the cyclic yield of the dissipative parts.
7.5.1.
MATERIAL CHARACTERISTICS 
Structural steel must be compliant with the requirements of § 11.3.4.9. 
The distribution of the material properties, in the structure, such as the yield stress and tenacity, must be such that the dissipative zones form where established in the design.
For the purpose of the design, the material overstrength factor, ov is assumed equal to 1.25 for steel types S235, S275 and S355 and equal to 1.15 for the steel types S420 and S460.
7.5.2.
STRUCTURAL TYPES AND BEHAVIOUR FACTORS 
7.5.2.1
Structural types 
Seismic-resistant steel structures can be divided, in accordance with their behaviour, into the following structural types: 
a)
frame structures: comprise frames that withstand horizontal forces primarily using bending behaviour. In these structures, the dissipative zones are mainly located at the ends of the beams, in the proximity of the beam-column connections, where plastic hinges can form and the energy is dissipated by means of the plastic cyclic bending.
b)
Structures with concentric bracings: in them the horizontal forces are absorbed mainly by membranes subjected to axial forces. In these structures, the dissipative zones are primarily located in the tension diagonals. Therefore, only those bracings for which the yield value of the tension diagonal precedes the resistance to the rods being reached, strictly necessary for the equilibrium of the external loads, can be considered to be this type. Web concentric bracings can be divided into the following three categories (Figure 7.5.1): 
b1)
bracings with an active tension diagonal, in which the resistance to the horizontal forces and the dissipative capacities are entrusted to tensile diagonals;
b2)
V bracings, in which the horizontal forces must be absorbed considering the tension and compressed diagonals. The intersection point of these diagonals lies on one horizontal membrane that must be continuous; 
b3)
K bracings, in which the intersection point of the diagonals lies on a column. This category must not be considered dissipative because the collapse mechanism involves the column. 
c)
structures with eccentric bracings: in these, the horizontal forces are primarily absorbed by membranes loaded axially, but the presence of diagram eccentricities permits the dissipation of energy in the transverse by means of the cyclic behaviour to bending and/or shear. The eccentric bracings can be classified as dissipative when the yield of the transverses, due to bending and/or shear, precede reaching the ultimate resistance of other structural parts. 
d)
Cantilever or inverted pendulum structures: in these, at least 50 % of the mass is in the upper third of the elevation of the construction or the dissipation of energy is located primarily at the base. Structures with just one storey that have more than one column, with the upper ends of the column connected in the main direction of the building and with value of normalised axial load of the column no greater than 0.3 in some points, can be considered frame structures.
e)
Frame structures with concentric bracings: in these, the horizontal actions are absorbed by both the frames and the bracings acting on the same vertical plane. 
f)
Frame structures with in-fills: are made up of frame structures with which the masonry or concrete in-fills are in contact, not connected. 
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b1) Structures with concentric bracing with active diagonal tension
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b2) Structures with concentric V bracing
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b3) Structures with concentric K bracing
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c) Structures with eccentric bracing
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d) Cantilever or inverted pendulum structures
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e) Frame structures with concentric bracing
Figure 7.5.1. -Structural types
From this classification, steel structures where the dissipation in energy is achieved by the use of special anti-seismic devices are excluded.
For steel structures where the horizontal forces are absorbed by cores or walls with reinforced concrete bracing see § 7.4. 
Structural types different from those listed above can be used based on design criteria not diverging from those considered in these standards. The degree of safety reached using these criteria must, however, be no lower than that ensured by these standards. 
7.5.2.2
Behaviour factors 
For each structural type, the peak value for q0 is indicated in Table 7.3.II. 
For regular in-plan structures, the following values of αu/α1 can be used:
‒
single-storey constructions αu/α1 = 1.1 
‒
frame structures with more than one storey, with a single span
αu/α1 = 1.2 
‒
frame structures with more than one storey and more than one span
αu/α1 = 1.3 
‒
frame structures with eccentric bracing and more than one storey
αu/α1 = 1.2 
‒
cantilever or inverted pendulum structure buildings
αu/α1 = 1.0 
These values of q0 are to be intended as valid on the condition that the design regulations and details provided in paragraphs from § 7.5.3 to § 7.5.6 are met. 
7.5.3.
GENERAL DESIGN RULES FOR DISSIPATIVE STRUCTURAL ELEMENTS 
The following design rules are applicable to the parts of seismo-resistant structures designed for dissipative structural behaviour. Dissipative zones must have adequate ductility and sufficient capacity. 
In the provisions of this chapter, dissipative zones are localised in the membranes; therefore, the connections and all non-dissipative components of the structure must have adequate capacity. 
7.5.3.1
Resistance verifications (RES)
The connections in dissipative zones must permit yield by the connected dissipative parts, ensuring the following requirements are met: 
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where:
R j,d
is the design connection capacity;
R pl,Rd
is the plastic limit capacity of the connected dissipative membrane; 
RU,Rd
is the upper limit of the connected membrane capacity. 
For tension membrane with bolted connections, the corresponding capacity at reaching the yield stress of the section must be less than the corresponding capacity upon reaching the failure tension of the net section in correspondence to the holes for connection devices; it must be verified that: 
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A being the local area and Ares the resistant area comprised of the net area in correspondence to the holes, integrated by an eventual reinforcement area. The partial factors γM0 and γM2 are defined in Table 4.2.V of § 4.2.3.1.1. of these standards.
7.5.3.2
Ductility verifications (DUT)
In every dissipative zone or element, a ductility capacity greater than the corresponding ductility demand must be ensured. The verification must be made adopting the deformation measures adequate to the ductile mechanisms provided for the different structural types.
For the types indicated in § 7.5.2.1, the following local deformation  measures can be used:
· curved elements or near curved elements of frame structures: chord rotation;
· primarily tension and compressed braced structure elements: overall lengthening of the diagonal;
· elements subject to structure shear and bending with eccentric bracing (connection elements): rigid rotation between the connection element and the contiguous element.
Local ductility is defined as follows:
 =u/y
Local ductility demand is defined by the ratio between the deformation value u measured by non-linear analysis and the deformation value y at the elastic limit. In the case of linear structural analysis with behaviour factor, the deformation demand can be inferred by the displacement range obtained, as set out in § 7.3.3.3.
The local ductility capacity is given by the ratio between the deformation measurement at collapse u, evaluated in correspondence to the 15 % reduction of the maximum resistance of the element, and the deformation y corresponding to reaching first yield point. 
The local ductility capacity, when not determined by direct testing, must be evaluated using calculation methods that adequately describe the behaviour in non-linear range, including phenomena of equilibrium instability, and take into account the phenomena of degradation associated with cyclic behaviour. 
The verification of ductility is deemed, however, met when, in function of the ductility class and the basic value of the behaviour factor q0 used in the design stage, the provisions for the classes of transverse sections for the dissipative zones/elements shown in Table 7.5.I, as well as the specific provisions pursuant to the subsequent paragraphs relating to each structural type and is met, for the sections of the primary columns of the frame structure where the formation of formation of dissipative zones are planned, in relation:
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where NEd is the value of normal force demand and Npl,Rd is the value of normal force capacity determined according to the criteria set out in § 4.2.4.1.2. 
Table 7.5.I - Class of the transverse section of dissipative elements in function of the ductility class and q0
	Ductility class
	Basic value q0 of the behaviour factor 
	Class of transverse section required

	DC “B”
	2 < q0 ≤ 4
	Class 1 or 2

	DC ”A”
	q0 > 4
	Class 1


7.5.4.
SPECIFIC DESIGN RULES FOR FRAME STRUCTURES 
In order to produce ductile behaviour, the frames must be designed so the dissipate zones are formed in the beams rather than the columns. 
This requirement is not required for the sections of columns at the base and top of multi-storey frames and for single-storey buildings. 
7.5.4.1
Beams 
Resistance verifications (RES)
In the sections where the formation of dissipative areas is expected, the following relations must be verified: 
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where: 
MEd, NEd and VEd
are the values of bending demand, normal force and shear; 
Mpl,Rd, Npl,Rd and Vpl,Rd
are the bending capacity values, normal force and shear determined according to the criteria set out in § 4.2.4.1.2; 
VEd,G
is the shear demand due to non-seismic actions; 
VEd,M
is the shear demand due to application of equal plastic moments Mpl,Rd in sections where the formation of dissipative zones is expected. 
The beams must have sufficient capacity in regard to the bending instability and bending-torsional instability, determined as set out in § 4.2.4.1.3. and assuming the formation of dissipative zones in the section characterised by highest demand in seismic conditions. 
7.5.4.2
Columns
Resistance verifications (RES)
The capacity of columns must be compared with the most unfavourable combination of bending demand and normal force. 
Demand must be determined as follows: 
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where 
MEd, NEd and VEd
are the values of bending demand, normal force and shear; 
NEd,G, MEd,G, VEd,G
are the values of normal, bending and shear force demand due to non-seismic actions included in the combination of actions for the design seismic condition;
NEd,E, MEd,E, VEd ,E
are the values of normal, bending and shear force demand due to design seismic actions;
γov
is the overstrength factor relative to the material pursuant to § 7.5.1;
Ω
is the lower value of Ωi =(Mpl,Rd,i – MEd,G,i) / MEd,E,i evaluated for all beams where the formation of dissipative zones is expected, MEd,E,i being the bending demand due to design seismic actions, MEd,G,i the bending demand due to non-seismic actions included in the combination of actions for the design seismic condition and Mpl,Rd,i the value of the bending capacity of the i-th beam.
In columns, where the formation of dissipative zones is expected, demand must be calculated under the assumption that at these zones, bending capacity Mpl,Rd is reached. 
The ratio between shear demand and capacity must meet the following limitation: 
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To ensure development of the general dissipative mechanism, the following inequality for each beam-column node of the frame must be complied with
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where γRd is given in Table 7.2.I, MC,pl,Rd is the bending capacity of the column calculated for the levels of normal force demand evaluated in the seismic combinations of the actions and Mb,pl,Rd is the capacity of the beams that converge in the beam-column node.
In [7.5.11] it is assumed the node is in equilibrium and the column and beam moments are equal. Where the moments in the column above and below the node are equal, the greater of the bending capacity of the columns is used as the first member of the formula [7.5.11], while the lesser is added to the bending capacity of the beams.
7.5.4.3
Beam-column connections 
Resistance verifications (RES)
The beam-column connections must be designed in order to permit the formation of dissipative zones at the ends of the beams according to the indications set out in § 7.5.3.1. In particular, the bending capacity of the beam-column connection, Mj,Rd, must meet the following relation 
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where Mb,pl,Rd is the bending capacity of the connected beam and γov is the overstrength factor. 
7.5.4.4
Core panels of beam-column connections
Resistance verifications (RES)
Core panels must be designed to permit the development of the dissipative mechanism of the structure, namely the yield point of the sections of beams converging in the beam-column node avoiding yield point phenomena and shear instability. 
This requirement can be deemed met when: 
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Vvp,Ed , Vvp,Rd e Vvb,Rd being the shear demand, shear capacity for the yield point of the panel and the shear capacity for panel instability respectively, these latter evaluated as set out in § 4.2.4.1.2 and § 4.2.4.1.3. 
Shear demand Vvp,Ed must be determined assuming the bending capacity of the beams converging in the beam-column node is reached, according to the diagram and the methods set out in the design stage.
7.5.4.5
Column-foundation connections 
Resistance verifications (RES)
The column-foundation connection must be designed in order that its capacity is greater than the capacity of the column connected to it. 
In particular, the bending capacity of the connection must meet the following relation 
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where Mc,pl,Rd is the column bending capacity, evaluated for normal force demand NEd that provides the most adverse condition for the base connection. The factor γov is provided in § 7.5.1. 
7.5.5.
SPECIFIC DESIGN RULES FOR CONCENTRIC BRACINGS 
In structures with concentric bracings, the members making up the beams and columns and the connections must have sufficient capacity to permit the development of dissipative zones on the diagonal. 
The bracing diagonals essentially have a load-bearing function in regard to seismic actions and, to this end, except for V bracings, must be considered the only tension diagonals. 
The load-lateral movement response must be substantially independent of the direction of the seismic action.
For buildings with more than two storeys, the non-dimensional slenderness of the diagonals must meet the following conditions:
1.3 ≤ [image: image500.wmf]l

 ≤ 2
in frames with X bracings; 
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≤ 2
in frames with V bracings. 
Resistance Verifications (RES)
Beams and columns considered subject, primarily, to axial forces in development conditions for the dissipative mechanism provided for this type of structure must meet the condition
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where 
Nb,Rd the capacity in regard to instability, calculated as in § 4.2.4.1.3.1 taking into account the interaction with the bending moment MEd, 
NEd and MEd the values of demand with normal and bending force due to the design seismic combinations, evaluated by the expressions 7.5.7 and 7.5.8, respectively placing Ω the lesser value of Ωi = Npl,Rd,i / NEd,i where Npl,Rd,i is the normal force capacity of the i-th diagonal and NEd,i normal force demand for the seismic combination, calculated for all the bracing elements in which the formation of dissipative zones is expected.
To guarantee homogeneous dissipative behaviour of the diagonals inside the structure, the peak and minimum values of factors Ωi = Npl,Rd,i /NEd,i, where Npl,Rd,i is the normal force capacity of the i-th diagonal and NEd,i the normal force demand for the seismic combination, calculated for all the bracing elements in which the formation of dissipative zones is expected, must differ by no more than 25 %. 
In frames with V bracings, the beams must have sufficient capacity to respond to the relative demand of the actions of non-seismic nature considering the contribution provided by the diagonals. 
The beams must also have sufficient capacity to respond to the demand that is developed after the yield point of the tension diagonals and destabilisation of compressed diagonals in seismic conditions. To determine the value of this demand, the presence can be considered in tension diagonals of a stress equal to the normal force capacity Npl,Rd and, in the compressed diagonals, of a stress equal to γpb .Npl,Rd, with γpb = 0.30 the factor that permits the residual capacity to be estimated after the destabilisation of the diagonal. 
The connections of the diagonals to the other structural parts must be ensured by compliance with the requirements set out in § 7.5.3.1.
Ductility Verifications (DUC)
Where specific ductility verifications pursuant to § 7.5.3.2 are not carried out, the bracing membranes must belong to the first or second class pursuant to § 4.2.3.1 according to Table 7.5.I. When it comprises hollow circular sections, the ratio between the external diameter d and the thickness t must meet the limitation d/t ≤ 36. In the event the bracing rods comprise tubular profiles with a rectangular section, the width/ thickness ratios of the parts that make up the section must not exceed 18, unless the tube walls are stiffened.
7.5.6
SPECIFIC DESIGN RULES FOR STRUCTURES WITH ECCENTRIC BRACINGS 
Eccentric bracings divide the frame beams in two or more parts. The task is entrusted to one of these parts, called "link element", to dissipate seismic energy through shear and/or bending cyclic plastic deformation. The link elements can be horizontal or vertical elements.
The link elements are called "short links" when yielding occurs in shear, "long links" when yielding occurs in bending and "intermediate links" when the plastic mechanism involves shear and bending combined. In relation to length "e" of the link element, the following classification is used: 
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where Ml,Rd and Vl,Rd are, respectively, the bending capacity and shear capacity of the link element, α is the ratio between the lesser and greater of the demand expected at the two ends of the link element.
Resistance Verifications (RES)
For the I sections the bending capacity, Ml,Rd, and the shear capacity, Vl,Rd, of the link element are defined, in the absence of normal force demand, respectively by the formulas: 
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[7.5.18]
with b and tf being the width and the thickness of the flange, h the height of the section and tw the thickness of the core of the profile making up the section.
When the relation NEd/Npl,Rd < 0.15 is met, it is necessary that at both ends of the connection, the shear and bending capacity are greater than the corresponding demand:
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with NEd, VEd, and MEd being the values of normal force demand, shear and bending acting at the ends of the link element and Npl,Rd the normal force capacity of the section making up the link element.
When the design value of normal force demand NEd acting on the link element exceeds 15 % of the corresponding capacity of the section making the element, Npl,Rd, this demand is taken into account reducing the shear capacity, Vl,Rd, and bending capacity, Ml,Rd, of the same link element using the following expressions
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If NEd/Npl,Rd ≥ 0.15 it is also necessary that it is:
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if R ≥ 0.3
[7.5.24]
where R = NEd tw (d -2tf) / (VEd A), in which A is the gross area of the link.
The membranes not containing link elements, such as columns and diagonal elements, if horizontal link elements are used, and the beams, if vertical link elements are used, must have a capacity that meets the most unfavourable combination of normal force demand and bending demand:
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where:
NRd (MEd,VEd) is the design normal force capacity of the column or diagonal element evaluated taking into account the interaction with bending and shear demand, MEd and VEd in the seismic combination;
NEd,G is the normal force demand in the column or diagonal element, due to non-seismic type action included in the design seismic combination;
NEd,E is the normal force demand in the column or diagonal element due to the design seismic combination;
γov is the overstrength factor relative to the material pursuant to § 7.5.1;
( is equal to the minimum value of the factors (i = 1.5 Vl,Rd,i /VEd,i for short link elements in which the dissipative zones are located and (i = 1.5 Ml,Rd,i/MEd,i for all long and intermediate link elements in which the dissipative zones are located, where VEd,i and MEd,i are the values of shear and bending demand of the i-th link element for design seismic combination, Vl,Rd,i and Ml,Rd,i are the shear and bending capacities of the link element.
The connections of the link elements must have sufficient capacity to meet demand equal to:
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where:
Ed,G is the demand acting on the connection for the non-seismic type action included in the design seismic combination;
Ed,E is the demand acting on the connection for the design seismic action;
γov is the overstrength factor;
Ωi is the factor relative to the link element considered and calculated as indicated in this paragraph.
To ensure homogeneous dissipative behaviour of the link elements inside the structure, Ω factorsi calculated for all the link elements, as indicated previously in this paragraph, must differ between the peak and the minimum by no more than 25 %. 
Ductility Verifications (DUC)
When specific ductility verifications are not carried out as set out in § 7.5.3.2:
· long and intermediate link elements must belong to the first or second class as set out in § 4.2.3.1 according to Table 7.5.I; 
· in the intermediate and short link elements, the phenomena of local instability must be avoided until the complete yield of the section is reached; 
· the provisions on construction details set out in this paragraph must be met; 
· rigid rotation demand θp between the link element and the contiguous element must not exceed the following values: 

short links: θp ≤ 0.08 rad
[7.5.26a]

long links: θp ≤ 0.02 rad
[7.5.26a]
“Intermediate“ link elements come linearly between the above-mentioned values. 
Construction details
The behaviour of long link elements is dominated by yield due to bending. The typical collapse methods of these link elements are represented by the local instability of the compressed flange plate and bending-torsional instability. In order to avoid these phenomena, stiffening must be used at a maximum distance of 1.5b, b being the width of the profile flange constituting the link element, from the extremity of the same link element.
In all cases, core stiffening must be done on both sides at the ends of the diagonals. In the case of short link elements and beams of modest height (less than 600 mm), it is sufficient that the stiffening is provided by a single side of the core, using at least 3/4 of the height of the same core. These stiffeners must not be thicker than tw, and however no thinner than 10 mm, with width of (b/2)-tw, tw being the thickness of the profile core comprising the link element.
In the case of long link elements and intermediate link elements, stiffeners have the purpose of delaying local instability and, therefore, must use the entire height of the core. 
The welds that connect the general core stiffener element must have the capacity to meet demand of Ast fy, Ast being the area of the stiffener element; the welds that connect to the flange plate must have capacity over Ast fy/4. 
7.6.
STEEL-CONCRETE COMPOSITE CONSTRUCTIONS 
Buildings with steel-concrete composite seismo-resistant structure must be designed assuming one of the following structural behaviours: 
a)
non-dissipative structural behaviour; 
b)
dissipative structural behaviour, with dissipative zones localised in steel-concrete composite components and members; 
c)
dissipative structural behaviour, with dissipative zones localised in steel components and members. 
In the case of non-dissipative structural behaviour, the capacity of the membranes and connections must be evaluated in accordance with the regulations set out in § 4.3 of these standards, without additional requirements.
In the case of dissipative structural behaviour, the capacity of the membranes and connections must be evaluated in accordance with the regulations set out in § 4.3 of these standards, integrated with the design rules and details provided in § 7.6.4 to § 7.6.8. The structures must be designed in such a way that the dissipative zones develop where yield or local instability or other degradation phenomena due to the hysteresis behaviour do not influence the overall stability of the structure. 
The assumption of type c) structural behaviour is subordinate to the adoption of specific measures to present the possibility that concrete components contribute to the capacity of the dissipative zones. 
Therefore, during the seismic event, the dissipative zones must be localised exclusively in the structural steel components; the integrity of the concrete components subjected to compression must therefore be ensured.
The non-dissipative elements of the dissipative structures and connections between the dissipative parts and the rest of the structure must possess a capacity sufficient to permit the development of the cyclic yield of the dissipative parts. 
7.6.1.
MATERIAL CHARACTERISTICS 
7.6.1.1
Concrete 
The use of concrete of a class inferior to C20/25 or LC20/22 is not permitted. 
In the design, in the scope of application of these standards, the use of concrete of a class superior to C40/50 or LC40/44 is not permitted. 
7.6.1.2
Steel for reinforced concrete 
Steel for reinforced concrete must be type B450C, as set out in § 11.3.2.1 of these standards; the use of B450A steel is permitted in the cases set out in § 7.4.2.2. 
7.6.1.3
Structural steel 
Structural steel must correspond to the qualities set out in § 7.5 and § 11.3.4. of these standards. 
7.6.2.
STRUCTURAL TYPES AND BEHAVIOUR FACTORS 
7.6.2.1
Structural types 
Steel-concrete composite constructions can be made with reference to the following structural types, whose function is described in § 7.5.2:
a)
frame structures;
b)
structures with concentric bracing in structural steel;
c)
structures with eccentric bracing in which the link elements, where dissipative zones are localised, must be made in structural steel; 
d) cantilever or inverted pendulum structures; 
e) braced frame structures.
For structures with walls or cores in reinforced concrete, in which the resistance to seismic action is entrusted to structural elements in reinforced concrete, see § 7.4. Walls can be coupled by steel beams or steel-concrete composite beams. 
7.6.2.2
Behaviour factors 
The provisions set out in § 7.5.2 are applicable and in regard to the greater of the base value q0 of the behaviour factor Table 7.3.II is applicable, on the condition that the provisions and rules set out in this chapter are followed. 
7.6.3.
RIGIDITY OF THE COMPOSITE TRANSVERSE SECTION 
The elastic rigidity of the sections where concrete is compressed, must be evaluated using a homogenisation factor n = Ea/Ecm = 7, Ecm being the intersecting elasticity module of the concrete. Moreover, calculation of the uncracked moment of inertia, I1, of the concrete composite beams in compression must be evaluated including in the calculation of the portion of the concrete slab included in the effective width, determined as set out in § 7.6.5.1. 
In cases where concrete is tensile, the rigidity of the composite section depends on the moment of inertia in the cracked Section I2, calculated assuming the concrete is non-reactive and as active only the metal components of the section, and the structural profile and reinforcement, located in the effective width. 
7.6.4.
DESIGN CRITERIA AND DETAILS FOR DISSIPATIVE STRUCTURES 
7.6.4.1
Design criteria for dissipative structures 
The following design rules are applicable to the steel-concrete composite parts of seismo-resistance structures designed for dissipative structural behaviour. These elements must have adequate capacity in terms of resistance and ductility. Ductility is obtained complying with the design criteria and construction details.
In the case of behaviour type b) set out in § 7.6, the capacity must be evaluated for the steel elements according to the provisions of § 7.5. 
In the provisions of this chapter, dissipative zones are localised in the membranes; therefore, the connections and all non-dissipative components of the structure must have adequate capacity. 
7.6.4.2
Resistance verifications (RES) 
The seismic design of steel-concrete composite structures is based on the evaluation of the lower limit (Epl,Rd) and upper limit (EU.Rd) of the capacity. 
The lower limit of the capacity of the dissipative zones, Epl,Rd, must be compared with the demand obtained by the seismic combination of actions ESd, for which ESd must be < Epl.Rd. 
The upper limit of capacity in the dissipative zones (EU,Rd) must be used in the capacity verification of the other structural components involved in the development of pre-selected collapse mechanisms. This value must be assumed the same as set out for steel structures equal to EU,Rd = 1.1 γov Epl,Rd, with γov defined in § 7.5.1.
In particular, for the design of connections adjacent to dissipative zones, it must result: 
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[7.6.1]
where: 
Rj,d is the connection capacity; 
RU,Rd
is the upper limit of capacity of the connected membrane, evaluated as indicated in this paragraph.
In the beam-column nodes adjacent to dissipative zones of frames with columns of fully or partially concrete coated profiles, the shear capacity of the core panel of the column must be calculated as the sum of the contributions of concrete and the steel panel. In particular, if the height of the beam section does not differ from that of the column by more than 40 %, the shear capacity is obtained by adding the two contributions provided by the steel and the concrete respectively: 
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where Vwp,s,Rd is the capacity of the steel core panel calculated according to the methods indicated in § 4.2, Vwp,c,Rd is the shear capacity provided by the concrete that must be determined using appropriate tie-back-strut models typical for concrete structures. Shear demand Vwp,Sd for comparing capacity Vwp,Rd must be determined considering the bending capacity of the beams converging in the beam-column node, according to the diagram and the methods set out in the design stage. 
7.6.4.3
Ductility verifications (DUT) 
In every dissipative zone or element, a ductility capacity greater than the corresponding ductility demand must be ensured. The verification must be made adopting the deformation measures adequate to the ductile mechanisms provided for the different structural types.
For the types indicated in § 7.5.2.1, the following local deformation q measures can be used:
· curved elements or near curved elements of frame structures: chord rotation;
· primarily tension and compressed braced structure elements: overall lengthening of the diagonal;
· elements subject to structure shear and bending with eccentric bracing (connection elements): rigid rotation between the connection element and the contiguous element.
Local ductility is defined as follows: quqy .
Local ductility performance demand is defined by the ratio between the deformation value qu measured by non-linear analysis and the deformation value qy at the elastic limit. In the case of linear structural analysis with behaviour factor, the deformation demand can be inferred by the displacement range obtained, as set out in § 7.3.3.3.
Local ductility capacity is given by the ratio between the deformation measurement at collapse qu evaluated in correspondence with the 15 % reduction of the maximum resistance of the element, and the deformation qy corresponding to reaching the first yield point. When not determined by direct testing, the ductility capacity, must be evaluated using calculation methods that adequately describe the behaviour in non-linear range, including phenomena of equilibrium instability, and take into account the phenomena of degradation associated with cyclic behaviour. 
The verification of ductility is, however, considered met when the provisions and construction details for dissipative zones reported below in this paragraph, the provisions and construction details reported in subsequent paragraphs for each structural type and element are met, and where, for the primary column sections of frame structures where the formation of dissipative zones is expected, the following is met:
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where NEd is the value of normal force demand and Npl,Rd is the value of normal force capacity determined according to the criteria set out in § 4.2.4.1.2. 
In the dissipative zones, the ratio between the width and thickness of the core panels and wings must be within the following limits:
–
for steel-only dissipative zones (not covered in concrete) the provisions of § 7.5.6 apply; 
–
for dissipative zones covered in concrete, the values of the width-thickness ratio values for the faces of the metal profiles used must meet the limitations set out in Table 7.6.I.
Table 7.6.I -Limit value of slenderness for metallic profiles
	Basic value q0 of the behaviour factor
	1.5 ÷ 2 ≤ q0 ≤ 4
	q0 > 4

	Section at H or I partially or totally covered in concrete: limits for overhand of wings c/tf
	14 ε
	9 ε

	Rectangular hollow section filled with concrete: h/t limit
	38 ε
	24 ε

	Circular hollow section filled with concrete: d/t limit
	85 ε²
	80 ε²


Where:
ε = (235/fyk )0,5
c/tf:f: ratio between the width and the thickness of the overhang part of the wing defined in Figure 7.6.1 
d/t and h/t: ratios between maximum external dimension and thickness. 
7.6.4.4
Construction details
The yielding of the reinforced bars of the concrete slab of composite beams is permitted only when they are met by the provisions set out in § 7.6.5.2 regarding the depth of the neutral axis non-dimensionalised to failure (Table 7.6.II). 
In the zones of intersection between the beam and column, special metal reinforcement must be used in the concrete slab in order to govern the local effects of tension diffusion. The dimensioning of this longitudinal reinforcement must be done with models that satisfy equilibrium.
7.6.5
SPECIFIC RULES FOR MEMBRANES 
In the composite column design, account can be taken of resistance to the section in steel only or to steel-concrete composite section. The minimum dimension, base or height for the rectangular sections or diameter for the circular sections, of the columns fully covered in concrete must be no less than 250 mm. 
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Figure 7.6.1 - Dimensional ratios
The columns must not be designed to dissipate energy, with the exclusion of the zones at the foot of the structure in specific structural types. To compensate the uncertainties associated with the effective response of the structural body to seismic actions, transversal reinforcement must be created for confinement in the areas where sudden yielding phenomena could occur. 
When it is necessary to fully exploit the capacity of a composite column to meet the capacity design or resistance verifications, complete collaboration between the steel and the concrete components must be ensured. 
In all cases where the transfer of tangential forces is insufficient for friction adherence, the use of shear connectors is required for the transfer through mechanical interaction and resetting the composite action, calculated according to the indications set out in § 4.3. 
7.6.5.1
Beams with composite slab
Resistance verifications (RES)
In beams with composite slab the degree of connection N/Nf , defined in § 4.3.4.3., must be no less than 0.8 and the overall shear capacity of the connectors in the area in which the concrete of the slab is in tension must not be lower than the capacity of the longitudinal reinforcement. 
The capacity of the pin connectors is obtained, starting from the provisions of § 4.3.4.3.1, applying a 0.75 reduction factor.
The geometric characteristics of the composite section are determined considering an appropriate composite width of the slab and relative longitudinal reinforcements. 
The composite width beff is determined according to the methods indicated in § 4.3.2.3 and it obtained as the sum of the two rates be1 and be2 at the two sides of the beam axis and the width bc engaged directly by the connectors. 

beff = be1 + be2 + bc
[7.6.4]
Each rate be1, be2 must be calculated based on the indications contained in Tables 7.6.III and 7.6.IV and must not exceed half the spacing between the beams or the entire distance from the free edge of the slab of the axis of the adjacent beam, respectively. 
In Tables 7.6.III and 7.6. IV, with reference to the different placement of the members in the context of the frame, the values of partial effective width bei are provided to use in the elastic analysis of the structure (moment of inertia/bending stiffness) and to calculate plastic moments, respectively. 
The terms used are defined in Figure 7.6.2. In Table 7.6.IV with bmagg identified as the width of any additional plates welded to the flange plate of the columns with the purpose of increasing the bearing capacity of the concrete near the nodal area; where these are not installed, this parameter coincides with the width bc of the column.
Ductility Verifications (DUT)
When specific ductility verifications are not made as set out in § 7.5.3.2, in the dissipative zones subjected to positive moment, the ratio x/d must be verified given by:

x/d < εcu / (εcu + εa )
[7.6.5]
where:
x
is the depth of the neutral axis at failure;
d
is the total height of the composite section;
εcu
is the deformation at failure of the concrete, evaluated taking into account the effects of the cyclic degradation of the material;
εa
is the total deformation at the tension edge of the metal profile. 
The above-mentioned ductility requirement can be deemed met when the ratio x/d meets the limits show in Table 7.6.II.
Table 7.6.II -Limit values of the ratio x/d for composite beams, on variation of factor q0
	fy (N/mm²)
	1.5 < q0 ≤ 4
(x/d)limit
	q0 > 4
(x/d)limit

	235
	0.36
	0.27

	275
	0.32
	0.24

	355
	0.27
	0.20


7.6.5.2
Composite membrane partially covered with concrete 
Detail criteria
The adoption of transversal reinforcement details reported in Figure 7.6.1 can delay the phenomena of local instability in dissipative zones. In particular, the limits shown in Table 7.6.I for the flange plates can be increased if those bars are characterised by a longitudinal spacing, sl, lower than the net length, c, of the flange plate, sl/c <1.0: 
– for sl/c ≤ 0.5, the limits of Table 7.6.I can be multiplied by a factor 1.50; 
– for 0.5 < sl/c <1.0 interpolation can be linear between factors 1.50 and 1.00. 
The net thickness of the reinforcement covering must be at least 20 mm and no greater than 40 mm. 
The minimum values of the spacing of the stirrups must be taken from the limitations set out in § 7.6.5.3 
Table 7.6.III - Definition of the partial effective width to calculate bending rigidity
	
	Transversal membrane
	Partial effective width bei

	Interior node/column
	Present or not present
	For M-: 0.05 L 
For M+: 0.0375 L

	Exterior node/column
	Present
	

	Exterior node/column
	Not present/Reinforcement not anchored
	For M-: 0 
For M+: 0.025 L


Table 7.6.IV - Definition of the partial effective width to calculate plastic moment
	Sign of bending moment
	Position
	Transversal membrane
	Partial effective width bei

	Negative, M-
	Interior column
	Cross seismic reinforcement
	0.10 L

	Negative, M-
	Exterior column
	Reinforcement anchored to the façade beams or edging at the extremity
	0.10 L

	Negative, M-
	Exterior column
	Reinforcement not anchored to the façade beams or edging at the extremity
	0

	Positive, M+
	Interior column
	Cross seismic reinforcement
	0.075 L

	Positive, M+
	Exterior column
	Beam in transversal steel with connectors: Slab set out to reach or exceed the outer edge of the column set out on strong axis
	0.075 L

	Positive, M+
	Exterior column
	Beam in transversal steel absent or with no connectors: Slab set out to reach or exceed the outer edge of the column set out on strong axis
	bmagg/2+0.7 hc/2

	Positive, M+
	Exterior column
	Different layouts
	bmagg/2 ≤ 0.05 L



A = exterior column
B = interior column
C = longitudinal beam
D = transversal beam
E = concrete overhang
Figure 7.6.2 - Definition of elements in a frame structure
7.6.5.3
Composite column fully covered with concrete 
Detail criteria
The minimum dimension, base or height for the rectangular sections or diameter for the circular sections, of the columns fully covered in concrete must be no less than 250 mm. 
In frame structures, the dissipative zones of the columns are localised at both ends of the sections of free length of the same columns, and in the eccentric bracing system in the portion of column adjacent to the link elements. To determine their length, see § 7.4.6.1.2. 
When the transversal reinforcement in the dissipative zones is laid out on an s axis less than width c of the profile flange plate, the indications set out in § 7.6.5.2 that modify the slenderness limit values of the flange plates of the metal profiles can be followed.
In the dissipative zones, transversal reinforcement, capable of producing an effective confinement effect on the concrete, with spacing that must not exceed the minimum of the following values must be used: half of the minimum dimension of the concrete core contained in the stirrups, 175 mm or eight times the minimum diameter of the longitudinal reinforcement set out along the column. This spacing of columns at the lowest level is to be assumed equal to the lesser of the following values: half the minimum size of the concrete core contained in the stirrups, 150 mm or six times the minimum diameter of the longitudinal reinforcement set out along the column.
The minimum diameter of the transversal reinforcement must be no less than 6 mm and, however, equal to the greater of the following values: 6 mm and 0.35 times the maximum diameter of the longitudinal reinforcement multiplied by (fydf/fydw)0.5 with fydf and fydw the design tensions of the flange plate and reinforcement. 
7.6.5.4
Composite column filled with concrete
Resistance verifications (RES)
The shear capacity in the dissipative zones can be evaluated with reference to the section of steel-only or based on the reinforced concrete section. In the latter case, the steel cover can be used as shear reinforcement. 
7.6.6.
SPECIFIC RULES FOR FRAME STRUCTURES 
7.6.6.1
Structural analysis 
In composite beams, it is possible to assume an equivalent moment of inertia along the entire beam, Ieq, given by the relation: 
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The bending rigidity of the composite column can be assumed equal to:


[image: image521.wmf](

)

(

)

acmc

C

EI0,9EIrEIEI

s

×=××+××+×


[7.6.7]
in which E and Ecm are elasticity modules of the steel and concrete; Ia, Ic and Is are the moments of inertia in the section of steel, concrete and reinforcement, respectively. The reduction factor r depends on the type of transverse section; in the absence of more accurate determinations, it can be assumed equal to 0.5. 
7.6.6.2
beams and columns 
Composite trestles cannot be used as dissipative elements. 
Resistance verifications (RES)
For beams, the provisions set out in § 7.5.4.1 are applicable, while for columns the rules set out in § 7.5.4.2 apply. 
The capacity of beams can be verified in regard to the instability demand and bending-torsional bending in accordance with § 4.3.4 assuming the bending capacity is reached, with tension concrete slab, at the end of the element. 
To ensure development of the general dissipative mechanism, the following inequality for each beam-column node of the frame must be complied with:
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[7.6.8]
where γRd is given in Table 7.2.I, MC,pl,Rd is the bending capacity of the column calculated for the levels of normal force demand evaluated in the seismic combinations of the actions and Mb,pl,Rd is the capacity of the beams that converge in the beam-column node.
7.6.6.3
Beam-column connections 
The beam-column connections must be designed in accordance with the indications set out in § 7.5.4.3. 
7.6.6.4
Column-foundation connections 
The column-foundation connections must be designed in accordance with the indications set out in point § 7.5.4.5. 
7.6.6.5
Condition for disregarding the composite character of beams with slab
The plastic capacity of a composite section of a beam with slab (upper or lower limit of the plastic capacity of the dissipative zone) can be calculated taking into account the contribution of the steel section only (design in compliance with principle b) set out in § 7.6) if the slab is not connected to the steel frame at the column to which the beam is connected for a circular zone with diameter 2 beff, with beff being the greater of the effective widths of the beams connected to that column.
To this end, there must be no contact between the slab and any vertical side of any steel element (for example columns, shear connectors, connection plate, wavy flange, steel sheet connected with nails to the flange of the steel section).
It is recommended for partially covered beams that account be taken of the contribution of the concrete between the flange of the steel section.
7.6.7.
SPECIFIC RULES FOR STRUCTURES WITH CONCENTRIC BRACINGS 
Frames comprised with concentric bracings must be designed in accordance with the design rules and details set out in § 7.5.5. 
7.6.8.
SPECIFIC RULES FOR STRUCTURES WITH ECCENTRIC BRACINGS 
Frames comprised with eccentric bracings must be designed in such a way that the energy dissipation is localised in the link element. 
In this regard, the rules set out in § 7.5.6 must be followed. 
7.7.
TIMBER CONSTRUCTIONS 
The following terms are defined for timber constructions: 
–
static ductility: is intended as the ratio between the ultimate movement and the limit movement of elastic behaviour, evaluated with quasi-static tests in accordance with the pertinent regulations on test methods for timber structures; 
–
semi-rigid nodes: joints with significant deformability, that need to be considered in the structural analysis and evaluated in accordance with time proven documents; 
–
rigid nodes: joints with negligible deformability for the purpose of structural behaviour to evaluate accordance with time proven documents; 
–
unions with cylindrical leg union means: union made by cylindrical leg mechanical means (nails, screws, pins, bolts, etc.), stressed perpendicularly to their axis; 
–
carpentry joints: connections where actions are transferred by means of zones of contact, and without the use of means of mechanical union; examples of joints of this type are: simple cogging, mortise and tenon joint, and other types frequently used in traditional constructions. 
7.7.1.
CONCEPTUAL ASPECTS OF THE DESIGN 
Seismo-resistant timber buildings must be designed based on a structural concept in accordance with one of the following behaviours, also taking into account the provisions set out in § 7.7.7:
a)
dissipative structural behaviour;
b)
non-dissipative structural behaviour.
Structures designed according to dissipative structural behaviour must belong in DC "A" or DC "B", in compliance with the requirements set out in § 7.7.3, in relation to: structural type, type of connection and connection ductility.
Dissipative zones must be localised, in accordance with the selected overall ductile collapse mechanism, in some specifically designed connections or elements; the timber membranes must be considered with elastic behaviour, unless provisions that meet the ductility requirements set out in § 7.7.3 are adopted.
For the purpose of applying the capacity design criteria, to ensure yield in the dissipative zones (the selected connections and/or specifically designed elements), these must have a capacity at least equal to the demand while adjacent non-dissipative components (other connections and structural elements), must have capacity equal to the capacity of the dissipative zone amplified by the overstrength factor γRd, set out in Table 7.2.I; lower values of overstrength and in any case higher than or equal to 1.3 for DC “A” and 1.1 per DC “B”, must be justified based on suitable theoretical-experimental evidence.
The dissipative properties must be evaluated based on time proven technical-scientific documentation, based on tests on individual connections or the entire structure or part of it, in accordance with time proven regulations.
In the case of non-dissipative structural behaviour, the capacity of the membranes and connections must be evaluated in accordance with the regulations set out in paragraphs § 4.4 of these standards, without additional requirements.
7.7.2.
MATERIALS AND PROPERTIES OF DISSIPATIVE ZONES 
In regard to timber, the provisions § 4.4 are applicable; with reference to the other structural parts, Chapter 4 is applicable for other materials. 
When reliance is made on dissipative structural behaviour (DC “A” or “B”), in the absence of more precise theoretical and experimental evaluations, the following rules must be applied: 
a)
in zones considered dissipative only materials and means of union that guarantee suitable oligocyclic type behaviour can be used;
b)
glued unions must be considered, in general, to be non-dissipative, unless they are located in series with a ductile element applying the capacity design criteria;
c)
construction timber nodes can be used only when they possess sufficient energy dissipation, without posing risks of fragile shear or tensile failure orthogonal to the grain, and where devices are in place to prevent disconnection. 
The requirements set out in paragraph a) above can be considered met when the provisions of § 7.7.3 below are met. 
For use in shear walls and horizontal diaphragms, structural panels must meet the following conditions:
a)
particleboards (UNI EN 312) must have a thickness of no less than 13 mm and characteristic volume mass in accordance with UNI EN 12369-1); 
b)
plywood (UNI EN 636) must have a thickness of no less than 9 mm;
c)
OSB panels (UNI EN 300) must have a thickness no less than 12 mm if used in pairs, no less than 15 mm if used individually.
The means of mechanical union must meet the following requirements: 
a)
cylindrical leg connectors must be compliant with the requirements of § 11.7.8 of these standards;
b)
metal frame elements, including with welded compositions, must meet the provisions set out in these standards on steel construction.
7.7.3.
STRUCTURAL TYPES AND behaviour FACTORS 
In function of their ductile behaviour and energy dissipation capacity under cyclic loads, with reference to § 7.2.2, timber constructions can have non-dissipative or dissipative structural behaviour (DC “A” or DC “B”). 
In the case of structures with dissipative behaviour, the Designer is asked to justify the choice of values assumed in the calculations for the factor q0, based on the dissipative capacity of the structural system as well as connection sizing criteria, which must be capable of ensuring adequate capacity, preventing fragile failure through appropriate application of the capacity design principles.
Table 7.3.II shows each ductility class, and some examples of structures with maximum behaviour values q0. In the case of bracing of the structure being entrusted to different materials (reinforced concrete, steel), reference must be made to the pertinent paragraphs of this regulation. 
7.7.3.1
Clarifications
The zones considered to be dissipative must be capable of plastic deformation for at least three completely inverted cycles, with a static ductility ratio of 4, for DC “B”, and equal to 6, for structures in DC “A”, without a reduction in their resistance greater than 20 %. 
The provisions of the previous paragraph can be considered met in the dissipative zones of every structural type where the following provisions are met: 
a)
the timber-timber or timber-steel connections are made with pins or nails with diameter d no greater than 12 mm and connected timber membrane with a thickness no less than 10d; 
b)
in the walls and diaphragms with timber frame, the diameter d of the nails is no greater than 3.1 mm and the material of the structure's backing is timber or a material derived from timber, with minimum thickness of 4d. 
When some or all previous provisions are not met, but the minimum thickness of the connected elements is at least equal to 8d for case a) and 3d for case b) respectively, the dissipative zones shall be considered to be in ductility class DC “B”. 
Alternatively to the provisions set out above, for class DC “B” dissipative zones, the cylindrical leg mechanical connections can be designed to ensure the development of at least one plastic hinge of the leg of the metal connectors in accordance with the collapse mechanism reported in the regulations and time proven technical documents pursuant to Chapter 12. Particular attention must be paid to prevent fragile failure in the form of longitudinal cracking, ejection of wooden dowels, shear and tensile failure of base material.
7.7.4.
STRUCTURAL ANALYSIS
In analysis of the structure, account must be taken of the deformability of the connections.
The values of the elastic module for "instantaneous actions" must be used, taken from average values of the elastic module of resistant elements.
In the structural model, decks must, in general, be assumed with their deformability; they can be assumed as rigid, without needing additional verification, if:
a)
for decks, the construction provisions set out in § 7.7.5.3 below or, alternatively, if pertinent, in § 7.7.7.2 are met;
b)
any openings present not significantly influencing the overall rigidity of the sheet for the storey.
Beams and slabs, elements on which false elements are placed (columns or walls) must always be sized taking into consideration the influence of the vertical components of seismic action, in accordance with the provisions set out in § 7.2.2.
7.7.5.
CONSTRUCTION PROVISIONS
7.7.5.1
General provisions 
Structures with dissipative behaviour must be designed so the dissipative zones are localised primarily in those points of the structure where any yielding, local instability or other phenomena due to the hysteresis behaviour does not compromise the overall stability of the structure.
The construction provisions given in § 7.7.5.2 and 7.7.5.3 below apply to the zones of the structure designed to develop dissipative behaviour.
7.7.5.2
Construction provisions for connections
The compressed membranes and their connections (for example carpentry joints), for which collapse can be foreseen due to the inversion of the direction of the stress, must be designed so separations, dislocations, and misalignment do not occur. 
Pins and bolts must be threaded and correctly inserted into their slots (in regard to the tolerances prescribed). 
7.7.5.3
Construction provisions for decks 
In regard to decks, the provisions of § 4.4 apply, with the following variations: 
a)
any factors increasing the bearing capacity of the means of union at the edges of the structure's backing must not be used; in the case of discontinuous edges of panels, the spacing between the nails along the same edge must not be increased; 
b)
the distribution of shear forces in the decks must be evaluated taking into account the effective layout, in-plan, of vertical bracing elements;
c)
connectors on the horizontal plane between the deck and bearing vertical walls must be of bilateral type. 
All the edges of structural backing must be connected to frame elements: structural backings that do not terminate on frame elements must be supported and connected by suitable shear-resistant blocking elements. Devices with similar function must also be laid out in horizontal diaphragms placed above vertical bracing elements (e.g. walls). 
The continuity of beams must be ensured, especially near deck zones that incur disturbance from the presence of openings. 
When decks are considered, for the purpose of structural analysis, as rigid in their plane, at the zones where the transfer of horizontal forces to vertical elements takes place (for example bracing walls), maintenance of the weave of the deck beams must be maintained. 
7.7.6.
SAFETY VERIFICATIONS
The resistant values of timber elements refer to "instantaneous" type loads, under service conditions assumed for the structure. 
In order to ensure the development of dissipative cyclic behaviour at the zones assumed as dissipative, all the other structural elements and/or connections must be designed with adequate overstrength values, as indicated in § 7.7.3. This overstrength requirement is applicable, in particular, to: 
a)
connection of tension elements or any connection to foundation structures;
b)
connections between horizontal diaphragms and vertical bracing elements. 
Carpentry joints do not present fragile braking risks if the verification for tangential tensions, conducted in accordance with § 4.4, is met using an additional partial safety factor equal to 1.3.
Ductility verifications (DUT) are intended as being met when the construction provision rules set out in § 7.7.5 and the detail rules set out in § 7.7.7 are met.
For the verification of structures designed in compliance with the concept of dissipative structural behaviour (ductility class DC “A” or DC “B”), the provisions of the resistance verifications (RES) in § 7.3.6.1. can be considered valid when the requirements set out in § 7.7.3 for dissipative zones are met (also based on special tests) and the resistance of the material is suitably reduced by 20 % to take into account the degradation due to cyclic deformation.
7.7.7.
DETAIL RULES 
7.7.7.1
Construction provisions for connections 
The rules and provisions contained in this paragraph 7.7.7.1 and paragraph 7.7.7.2 below, apply to the structures designed in DC “A” or DC “B”, relative to the zones considered to be designed as dissipative.
Pins and bolts of diameter d over 16 mm must not be used in timber-timber and timber-steel connections, with the exception of when they are used as fastening elements for connectors and as such, therefore, they do not influence the shear resistance. 
Connections using smooth pins or nails must not be made without additional measures to prevent the joint from opening. 
In the case of tensions perpendicular to the grain, additional measures must be made to prevent splitting from occurring. 
7.7.7.2
Construction provisions for decks 
In the absence of intermediate transversal bracing elements along the beam, the height/thickness ratio for a rectangular section must meet the condition h/b ≤ 4. 
In sites characterised by a value of g S ≥ 0,2 g, particular attention must be paid to the spacing of attachment elements in discontinuity zones.
7.8.
MASONRY CONSTRUCTIONS 
7.8.1.
GENERAL RULES 
7.8.1.1
General considerations 
Masonry constructions must comply with the provisions of these Technical Standards contained in § 4.5 and § 11.10. Compliance with these requirements enables the masonry constructions to be classified as moderately dissipative and therefore belonging in ductility class DC "B".
In particular, interference must be made to the above paragraphs in regard to how they concern the physical, mechanical and geometric characteristics of natural and artificial resistant elements, as well as for relative controls of production and acceptance at the work site. 
This paragraph divides masonry constructions in: ordinary, reinforced and confined. In this regard, it is noted that, as far as steel reinforcement is concerned, everything specified in these Technical Standards relating to reinforced concrete constructions is valid. 
For the purpose of safety verifications, in any case, the use of “semi-probabilistic method for limit states” is mandatory, with the exception of the provisions set out in § 7.8.1.9. 
The partial safety factors for the resistance of material contained in Chapter 4 can be reduced by 20 % and, however, up to a value of no less than 2.
7.8.1.2
Materials 
The elements to use for bearing masonry constructions must be such that they avoid fragile failure. To this end, the elements must meet the requirements indicated in § 4.5.2 and, with the exception of constructions with characteristic at LLS, of aagSS ≤0.075 g, they must meet the following additional indications: 
–
volumetric percentage of any voids not greater than 45 % of the total volume of the block; 
–
any baffles, placed parallel to the plane of the continuous and rectilinear wall; the only permitted interruptions are those belonging to plug sockets or for housing of reinforcement; 
–
characteristic failure strength perpendicular to the load-bearing direction (fbk), calculated on the gross area of the holes, no less than 5 MPa or, alternatively, mean normalised resistance in the load-bearing direction (fb) no less than 6 MPa; 
–
characteristic failure strength perpendicular to the load-bearing direction or in the development plan of the wall([image: image523.wmf]bk

f

), calculated in the same way, may not be less than 1.5 MPa. 
The mortar bed for ordinary masonry must have a mean resistance of no less than 5 MPa.
When using elements for masonry which rely on pockets for the mortar, vertical joints can be considered filled if the mortar is located the entire height of the joint over a minimum of 40 % of the width of the masonry element.
The use of thin joints (thickness between 0.5 mm and 3 mm) is permitted exclusively for buildings with characteristics of LLS, of agSS ≤0.15 g, with the following limitations:
–
maximum height, measured in axis to the thickness of the masonry: 10.5 m if agS ≤0.075 g; 7 m if 0.075 g< agS ≤0.15 g;
–
number of masonry storeys from ground level: ≤ 3 for agS ≤0.075 g; ≤ 2 for 0.075 g < agS ≤0.15 g.
The use of unfilled vertical joints is permitted exclusively for buildings characterised, at LLS, by agS ≤0.075 g, comprising a number of masonry storeys from the ground level no greater than two and maximum height, measured in axis for the thickness of the masonry of 7 m.
The elements for masonry with thin and/or dry vertical joints must meet the following limitations:
–
minimum thickness of the internal baffles: 7 mm;
–
minimum thickness of the external baffles: 10 mm;
–
maximum percentage of holes: 55 %;
Masonry made with artificial elements or stone squared elements. 
The use of masonry made of unsquared stones or listed only for constructions with characteristics of LLS, of agS≤0.075 g is permitted. 
7.8.1.3
Construction methods and behaviour factors 
In function of the construction technique type used, the construction can be considered for ordinary masonry, reinforced masonry or confined masonry. The maximum values of the base values q0 of the behaviour factor with which to identify the design spectrum (see § 3.2.3.5) to use in the linear analysis, are indicated in Table 7.3.II. 
In the case of reinforced masonry, values between 2.0 αu/α1 and 2.5 αu/α1 can be applied in function of the construction system selection, without verifying what the collapse mechanism of the construction is. The value 3.0 αu/α1 can be used only applying the design capacity principles described in § 7.8.1.7. 
It is always assumed q = q0 · KR , attributing to KR the values indicated in § 7.3.1. 
Coefficients α1 and αu are defined as follows: 
α1
is the multiplier of the horizontal seismic force through which, other actions remaining constant, the first wall panel reaches its ultimate resistance (through shear or buckling);
αu
is 90 % of the multiplier of the horizontal seismic force through which, other actions remaining constant, the construction reaches its maximum resistance force. 
The value of αu/α1 may be calculated through means of a static non-linear analysis (§ 7.3.4.2) and may not, in any case, be assumed as greater than 2.5. 
Should a non-linear analysis not be carried out, the following values may be adopted αu/α1: 
–
constructions using ordinary masonry 
αu/α1 = 1.7
–
constructions using reinforced masonry 
αu/α1 = 1.5
–
reinforced masonry constructions designed with capacity design
αu/α1= 1.3
–
constructions using confined masonry 
αu/α1 = 1.6
–
confined masonry constructions designed with capacity design
αu/α1= 1.3.
7.8.1.4
Design criteria and geometric requirements 
The construction plans must be, to the extent possible, compact and symmetrical with the two orthogonal axes. Structural walls, excluding openings, must have vertical continuity up to the foundation, avoiding false walls. Structures constituting horizontal elements and roofs must not be overhanging. Any horizontal pressures, evaluated taking into account the seismic action, must be absorbed by means of suitable structural elements. 
Floors must fulfil the function of dividing horizontal actions between structural walls and connection in regard to actions outside the wall plane, therefore they must be well connected to walls and ensure suitable diaphragm function. The maximum distance between two subsequent floors must not be more than 5 m. 
The geometry of seismic-resistant walls must meet the requirements set out in Table 7.8.I, in which t indicates the thickness of the wall net of plaster, h0 the free bending height of the wall as defined in § 4.5.6.2, h is the maximum height of the openings adjacent to the walls, and l is the length of the wall. 
Table 7.8.I – Geometric requirements of seismic-resistant walls
	Construction types
	tmin
	(=h0/t)max
	(l/h’)min

	Ordinary masonry, made with square stone elements
	300 mm
	10
	0.5

	Ordinary masonry, made with artificial elements
	240 mm
	12
	0.4

	Reinforced masonry, made with artificial elements
	240 mm
	15
	Any

	Confined masonry
	240 mm
	15
	0.3

	Ordinary masonry, made with square stone elements, in sites characterised, at LLS, of ag S ≤ 0.15 g
	240 mm
	12
	0.3

	Masonry, made with artificial semi-full elements, in sites characterised, at LLS, of ag S ≤ 0.075 g
	200 mm
	20
	0.3

	Masonry, made with artificial full elements, in sites characterised, to LLS, by ag S ≤ 0.075 g
	150 mm
	20
	0.3


7.8.1.5
Methods of Analysis 
7.8.1.5.1
General 
The analysis methods set out in § 7.3 must be applied with the following clarifications and restrictions. 
7.8.1.5.2
Static linear analysis 
This is applicable in the cases set out in § 7.3.3.2, including to irregular elevation constructions, where λ = 1.0 is supposed. 
The rigidity of the wall elements must be calculated considering that the bending contribution is shear. The use of cracked stiffness is to be preferred; in the absence of more accurate evaluations, cracked stiffnesses can be assumed equal to half of uncracked stiffnesses. 
The model can be comprised by continuous wall elements only from the foundation to the top, connected for the sole purposes of translation at the height of the floors. 
Alternatively, the coupling elements between different walls, with reinforced concrete beams or edging and masonry beams (where effectively scarfed to the walls), can be considered in the model, on the condition that the safety verifications are also performed on these elements. For masonry coupling elements, the verification criteria set out in § 7.8.1.6, § 7.8.2.2 and § 7.8.3.2 are followed. They can be considered in the ordinary masonry coupling beam model only if supported by a plane edging or architrave resistant to bending effectively clamped at the extremities. For reinforced concrete coupling, the criteria set out in § 7.4.4.6 are followed, considering elements with height at least equal to the thickness of the floor as effective for coupling. In the presence of coupling elements, the analysis can be done using frame models, where the intersecting parts between the vertical and horizontal elements can be considered infinitely rigid. 
In the case of rigid floors, the distribution of shear forces in the various panels obtained by the linear analysis can be modified with limited redistribution, making sure the general equilibrium of the plane is complied with (the module and position of the resulting plane force remains unchanged) and on the condition that the change in shear in each panel, ∆V, meets the relation 

|∆V| ≤ max{0.25|V|, 0,1| Vpiano|}
[7.8.0]
where V is the panel shear and Vplane is the total shear to the plane in the direction parallel to the panel. This redistribution is not permitted where the relationship αu/α1 necessary for calculating the behaviour factor q has been obtained by the designer directly from a non-linear analysis. Vice versa, if in determining αu/α1 the prudential values suggested in § 7.8.1.3 are used, redistribution is permitted.
In the case of deformable floors, the redistribution can be done only between coplanar panels connected by edges or chaining or belonging to the same wall. In this case, in calculating the limits for redistribution, Vplane shall be intended as the sum of the coplanar panel shears or belonging to the same wall. 
Out-of-plane verifications can be done separately, and equivalent forces indicated in § 7.2.3 can be used for non-structural elements, assuming qa = 3. More precisely, the seismic action orthogonal to the wall can be represented by a distributed horizontal force, equal to (Sa/qa) times the weight of the wall as well as the concentrated horizontal force equal to (Sa/qa) times the weight transmitted by the horizontal components that are set on the wall, where these forces are not sufficiently transmitted to transversal walls set out parallel to the direction of the earthquake. For the walls resistant to the earthquake, which meet the limitations in Table 7.8.II, for Sa the following expression can be assumed:
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where:
α
is the ratio between the maximum acceleration of the ground ag on ground type A for the limit state in question (see § 3.2.1) and the acceleration of gravity g;
S
is the factor which takes into account the category of ground and topographic conditions as set out in § 3.2.3.2.1; 
Z
is the height of the centre of gravity of the non-structural element measured starting from the foundation level (see § 3.2.2); 
H
is the height of the construction measured starting from the foundation level; 
For structures with seismic isolation, Z=0 is always assumed. 
For non-seismic-resistant walls, the out-of-plane verification shall however be conducted using time proven formulas. 
7.8.1.5.3
Modal dynamic analysis 
This is applicable in all cases with the limitations set out in § 7.3.3.1. As specified for modelling and the redistribution possibility in the case of linear static analysis, it is also applied in this case. 
Out-of-plane verifications can be done separately, adopting equivalent forces specified in the point above for linear static analysis. 
7.8.1.5.4
Non-linear static analysis 
Non-linear static analysis is applicable to masonry buildings in accordance with the methods set out in § 7.3.4.2 with the possibility of extending the indications for structures where the fundamental vibration mode in the direction considered has mass participation no lower than 75 %, also in cases where mass participation is not lower than 60 %.
The geometric model of the structure can be compliant with the indications for linear static analysis. Alternatively, more sophisticated models can be used where suitable and adequately documented. 
Wall panels can be characterised by a perfectly plastic bilinear elastic behaviour, with resistance equivalent to the elastic limit and movements to the elastic and ultimate limit corresponding to the bending and shear response pursuant to § 7.8.2.2 and § 7.8.3.2. Linear reinforced concrete elements (edging, coupling beams) can be characterised by perfectly plastic bilinear behaviour, with resistance equivalent to the elastic limit and movements to the elastic and ultimate limit defined by means of the bending and shear response. 
7.8.1.5.5
Non-linear dynamic analysis 
This is applicable integrally with § 7.3.4.1 using time proven non-linear mechanical models documented to be effective at reproducing dynamic and cyclic behaviour of the masonry. 
7.8.1.6
Safety verifications 
In the case of linear analysis, for the purpose of safety verification in regard to the ultimate limit state, the capacity of every earthquake-resistant structural element must not be less than the acting demand for each of the following collapse methods: buckling, shear in the wall plane, out-of-plane bending pressure. All walls with structural function must, however, be subjected to out-of-plane buckling verification, particularly those that are vertical load-bearing, also when not considered seismic-resistant based on the requirements of Table 7.8.II. 
In the case of applying the principles of capacity design (reinforced masonry) the action to apply to the shear verification is derived from buckling resistance, according to the indications set out in § 7.8.1.7. 
The verification methods are described in § 7.8.2.2, 7.8.3.2. 
No safety verification is required for constructions that come under the definition of simple construction (§ 7.8.1.9). 
In the case of non-linear static analysis, safety verification consists in the comparison between ultimate displacement capacity in the construction and displacement demand obtained by applying the procedure set out in § 7.3.4.2, with the exception of the following. The elastic rigidity of the bilinear systems is identified following the intersect of the capacity curve at the point corresponding to a base shear equal to 0.7 times the peak value (peak shear at the base). The horizontal segment of the bilinear curve is identified by the equality of the areas below the curve traced to the ultimate movement of the system. 
In any case, for ordinary masonry constructions and for reinforced masonry constructions without capacity design, the safety verification is not met where the total shear relationship acting at the base of the system equivalent to a degree of freedom, calculated with the elastic response spectrum, and shear at the base resistant to the equivalent system to a degree of freedom obtained from the non-linear analysis, exceeds the value 4.0. 
In the case of non-linear dynamic analysis, the safety verification consists in comparing the displacement capacity and displacement demand. 
7.8.1.7
Design capacity principles 
Design capacity principles apply exclusively in the case of reinforced masonry. 
For every wall panel, the fundamental principle is aimed at avoiding collapse due to shear, ensuring that it is preceded by collapse due to bending. This principal is met when each wall panel is verified for bending in respect of actions upon it and is verified for shear with respect to actions resulting from resistance and collapse due to bending, amplified by a factor γRd as set out in Table 7.2.I. 
7.8.1.8
Foundations 
Foundation structures must be reinforced concrete, as indicated in § 7.2.5, continuous, without interruptions where the supported walls open. 
When a reinforced concrete cellar or basement is present, it can be considered like a foundation structure for the supported load-bearing masonry storeys, in compliance with the continuity requirements for foundations, and the overall number of storeys is not used in the calculation. 
7.8.1.9
Simple constructions 
“Simple constructions” are those that meet the conditions set out in § 4.5.6.4 integrated with the characteristics defined below, in addition to those regularities in-plan and elevation defined in § 7.2.1 and those defined subsequently in § 7.8.6.1, 7.8.6.2 and 7.8.6.3, for ordinary masonry, reinforced masonry and confined masonry, respectively. For simple constructions with, at LLS, agS≤0.35 g it is not mandatory to carry out any analysis and safety verification, but the following supplemental conditions must be met: 
–
in each of the two directions, at least two wall systems of overall length are prescribed, net of openings, each no greater than 50 % of the size of the construction in the same direction. In the calculation of overall length, only the wall baffles can be included that comply with the geometric requirements set out in Table 7.8.II. The distance between these two walls systems in an orthogonal direction to their longitudinal development in-plan is no less than 75 % of the size of the construction in the same direction (orthogonal to the walls). At least 75 % of the vertical loads are borne by the walls that make up part of the horizontal action resistant system; 
–
in each of the two directions, walls resistant to the horizontal actions with spacing no greater than 7 m are present, which may be raised to 9 m for reinforced masonry constructions; 
–
for each storey, the ratio between the resistant section of the walls and gross surfaces of the storey, are no less than the values indicated in Table 7.8.II, in function of the number of construction storeys and seismic activity at the site, for each of the two orthogonal directions:
Table 7.8.II – Wall area resistant in each orthogonal direction for simple constructions.
	Peak acceleration of the terrain agS(1)
	≤0.07 g
	≤0.10 g
	≤0.15 g
	≤0.20 g
	≤0.25 g
	≤0.30 g
	≤0.35 g
	≤0.40 g
	≤0.45 g
	≤0.50 g

	Type of structure
	Number of storeys
	
	
	
	
	
	
	
	
	
	

	Ordinary masonry
	1
	3.5 %
	3.5%
	4.0%
	4.5%
	5.5%
	6.0%
	6.0%
	6.0%
	6.0%
	6.5%

	
	2
	4.0 %
	4.0%
	4.5%
	5.0%
	6.0%
	6.5%
	6.5%
	6.5%
	6.5%
	7.0%

	
	3
	4.5 %
	4.5%
	5.0%
	6.0%
	6.5%
	7.0%
	7.0%
	
	
	

	Reinforced masonry
	1
	2.5 %
	3.0%
	3.0%
	3.0%
	3.5%
	3.5%
	4.0%
	4.0%
	4.5%
	4.5%

	
	2
	3.0 %
	3.5%
	3.5%
	3.5%
	4.0%
	4.0%
	4.5%
	5.0%
	5.0%
	5.0%

	
	3
	3.5 %
	4.0%
	4.0%
	4.0%
	4.5%
	5.0%
	5.5%
	5.5%
	6.0%
	6.0%

	
	4
	4.0 %
	4.5%
	4.5%
	5.0%
	5.5%
	5.5%
	5.5%
	6.0%
	6.5%
	6.5%


(1) ST is applied only in the case of structures of a Class of Use III and IV (see § 2.4.2)
For simple constructions, the number of storeys cannot be greater than 3, for ordinary masonry, and 4 for reinforced masonry constructions. 
The following must also be true for each storey: 
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where N is the total vertical load at the base of each storey of the building corresponding to the sum of permanent and variable loads (assessed by placing γG= γQ = 1), A is the total area of structural walls of the storey and fk is the characteristic compressive strength in the vertical direction of the masonry. 
The foundations can be sized in a simple manner, taking into account the mean normal tensions and global seismic stresses determined by linear static analysis. 
7.8.2.
ORDINARY MASONRY CONSTRUCTIONS 
7.8.2.1
Design criteria 
In addition to the criteria defined in § 4.5.4 and § 7.8.1.4, it is advisable for the openings to be on vertically aligned walls in ordinary masonry constructions. If this is not the case, particular attention must be paid to defining a suitable structural model and verifications, in as much as opening misalignment leads to discontinuity and irregularity in the transmission of internal actions. In the absence of more accurate evaluations, the structural model and verifications take exclusive consideration of the portions of wall that have vertical continuity from the storey subject to verification to the foundations. 
7.8.2.2
Safety verifications 
7.8.2.2.1
Buckling in the plane 
The verification of buckling of a section of structural element is done by comparing the design acting moment with the ultimate resistant moment calculated assuming the masonry is non-tensile reactive and a suitable non-linear distribution of compressions. In the case of a rectangular section and diagram of rectangular compressions with resistance values equal to 0.85 fd, this ultimate moment can be calculated as: 
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where:
Mu
is the moment corresponding to collapse due to buckling;
l
is the overall length of the wall (including tension zone);
t
is the thickness of the compressed zone of the wall;
σ0
is the mean normal tension, referring to the total area of the section, σ0 = N/(l·t), with N the axial force with positive action if from compression); if N is tensile , Mu = 0 
fd = fk /γM
is the masonry design compression resistance. 
In the case of non-linear static analysis, the buckling capacity can be calculated with fd equal to the mean value of the compression capacity of the masonry and the ultimate displacement at LLC, except for the rigid motion of the panel, can be assumed to be equal to 1.0 % of the height of the panel. 
7.8.2.2.2
Shear 
The shear capacity for each structural element is evaluated by means of the following relation:
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where: 
l’
is the length of the compressed part of the wall obtained based on a linear diagram of the compressions, in the absence of tensile resistance;
t
is the thickness of the wall;
fyd = fyk / γM
is defined in § 4.5.6.1 and § 11.3.3, calculating the mean normal tension (indicated with σn in the paragraphs cited) on the compressed part of the section (σn = N/(l’·t)).
In the case of non-linear static analysis, the shear resistance can be calculated placing fyd = fvm0 + 0.4 σn ≤ fy,lim with fvm0 mean shear resistance of the masonry (in the absence of direct determination it can be supposed that fvm0 = fvk0/0.7 and fy,lim = fyk,lim /0.7), and the ultimate displacement at CLS, except for the rigid motion of panels, can be assumed equal to 0.5 % of the height of the panel. 
7.8.2.2.3
Out-of-plane buckling 
The value of the moment of collapse for actions perpendicular to the plane of the wall is calculated assuming a diagram of rectangular compressions, and a resistance value equal to 0.85 fd and disregarding the tensile resistance of the masonry. For the verification, reference can be made to 7.8.2.2.1.
7.8.2.2.4
Masonry beams 
Verification of ordinary masonry coupling beams, in the presence of notable horizontal axial action, is done the same way as for vertical wall panels. When the axial action is not noted in the calculation model (e.g. when the analysis is done on a frame model with the assumption of floors infinitely rigid on the plane), but in the proximity of the masonry beam, horizontal elements are present having tensile resistance (chains, edging), the values of the resistances can be assumed to be no greater than the values reported below and associated with the mechanisms of shear failure or buckling. 
Vt shear capacity of ordinary masonry coupling beams where floor edging or architrave resistance to bending effectively clamped at the extremities, can be calculated in a simplified way as 
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where:
h
is the height of the beam section
fvd0 = fvk0 / γM
is the design shear resistance in the absence of compression; in the case of non-linear static analysis, it can be taken as equal to the mean value (fvd0 = fvm0). 
The maximum buckling, associated with the buckling mechanism, again when tensile resistant horizontal elements are in place, capable of providing equilibrium in the masonry beams, can be evaluated as 
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where 
Hp
is the lesser of the tensile capacity of the tension element set horizontally and the value 0.4 fhd ht 
fhd = fhk / γM 
is the design resistance of the masonry compression in a horizontal direction (in the plane of the wall). In the non-linear static analysis, it can be made equal to the mean value (fhd = fhm). 
The shear capacity, associated with this mechanism, can be calculated as:

Vp = 2 Mfu / l
[7.8.6]
where l is the free span of the masonry beam. 
The value of shear capacity for the ordinary masonry beam element is assumed to be equal to the lesser of Vt and Vp . 
7.8.3.
REINFORCED MASONRY CONSTRUCTIONS 
7.8.3.1
Design criteria 
The resulting structure as a whole must be able to react to external horizontal actions with a general type behaviour, to which resistance of the walls in their plane only contribute. 
7.8.3.2
Safety verifications 
7.8.3.2.1
Buckling in the plane 
For verifications of buckling sections, a diagram of rectangular compressions can be assumed, with depth of 0.8 the depth of the neutral axis and tension equal to 0.85 fd. The maximum deformations to consider are equal to εm = 0.0035 for compressed masonry and εs = 0.01 for tension steel. 
In the event of non-linear static analysis, the average resistances of the materials are used as design values, and ultimate displacement can be assumed to be equal to 1.6 % of the panel height. 
7.8.3.2.2
Shear 
The shear resistance (Vt) is calculated as the sum of the contribution of the masonry (Vt,M) and the reinforcement (Vt,S), according to the following relations: 
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where:
d
is the distance between the compressed edge and the centre of gravity of the tension reinforcement;
t
is the thickness of the wall;
fyd = fyk / γM
is defined in § 4.5.6.1, calculating the mean normal tension (indicated with σnin the paragraph cited) on the gross section of width d (σn = P/dt). 
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where: 
d
is the distance between the compressed edge and the centre of gravity of the tension reinforcement; 
ASW
is the area of the reinforcement with shear arranged in a direction parallel to the shear force, with intervals measured in an orthogonal direction to the shear force; 
fyd
is the design yield stress of the steel; 
s
is the distance between reinforcement levels. 
Where it must also be verified that the acting shear does not exceed the following value:
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where: 
t
is the thickness of the wall 
fd
is the masonry design compression resistance.
In the event of non-linear static analysis, the average resistances of the materials are used as design values, and ultimate displacement can be assumed to be equal to 0.8 % of the panel height.
7.8.3.2.3
Out-of-plane buckling 
In the case of actions acting perpendicular to the plane of the wall, the verification for masonry and steel is done using the compression diagram and limit deformation values used for the verification of the plane. 
7.8.4.
Confined MASONRY CONSTRUCTIONS
The design and realisation of confined masonry constructions must be done in accordance with the criteria and regulations given in UNI EN 1998-1, with the clarifications reported in the national technical Annexes to the Eurocodes and applying the detail rules pursuant to § 7.8.6.3.
7.8.5.
COMPOSITE SYSTEMS 
In the context of masonry constructions, the use is permitted of structures with different technology to support vertical loads, as long as resistance to seismic action is entirely entrusted to elements of identical technology. Where complete reliance is made on the resistance of masonry walls, the provisions of the previous paragraphs must be met. Where complete reliance is made on structures of other technology (e.g. reinforced concrete), the design rules provided in the relative chapters of these standards must be followed. Where it is deemed necessary to consider the collaboration of masonry walls and systems of technology other than resistance to earthquake, the latter must be verified using non-linear analyses methods. 
Connections between elements of other technology must be expressly verified. Particular attention must be paid to verification of the effective transmission of vertical loads. Moreover, it is necessary to verify compatibility of deformations for all structural parts. 
Constructions comprising of masonry structure in the lower part bearing a floor with reinforced concrete or steel or timber or other technology structure are similarly permitted, under the following conditions: 
‒
the height limits of the constructions prescribed for the masonry structures are intended as comprehensive of the masonry parts and those in other technology; 
‒
the upper part of different technology is effectively anchored to the edging of the crown of the wall part; 
‒
in the case of linear analysis method, use of the static analysis (within the limits of applicability shown in § 7.8.1.5.2) is permitted on the condition that a distribution of forces compatible with the first elastic modal shape in each direction is used, calculated using sufficiently accurate methods that take into account the irregular distribution of rigidity in elevation. To this end, in the absence of more accurate methods, the first modal shape can be estimated by the displacement obtained statically applying to the construction, the distribution of forces defined in § 7.3.3.2; 
‒
in the case of non-linear static analysis, the distributions of horizontal forces set out in § 7.3.4.2 are used, where the first elastic modal shape has been calculated using sufficiently accurate methods. 
‒
in the case of linear analysis, for verification of the masonry part, the behaviour factor q prescribed in § 7.8.1.3 is used; for verification of the upper part of other technology, the behaviour factor for the construction type and configuration (regularity) of the upper part is used, however no greater than 2.5; 
‒
all connections between the part of other technology and the part in masonry are verified in-situ based on the transmitted forces calculated in the analysis, increased by 30 %. 
7.8.6.
DETAIL RULES 
7.8.6.1
Ordinary masonry constructions 
Edging, continuous to the intersection between floor and walls, must be made on each storey. 
The edging must have a minimum height equal to the height of the floor and width at least equal to that of the wall; a peak retraction no greater than 60 mm and 0.25 t from the external thread is permitted for masonry with thickness t up to 300 mm. For masonry of greater thickness t, the retraction can be greater than 60 mm, but no greater than 0.2 t. The continuous reinforcement area must not be less than 8 cm², and the brackets must have a diameter of no less than 6 mm and a spacing not exceeding 250 mm. Metal or prefabricated beams making up the floors must be elongated in the edging for at least half its width and not less than 120 mm and adequately anchored to the same. 
Unless suitable provisions are made to ensure effective connection between the walls and the box behaviour of the structure, at the cross angle between two perimeter walls on both walls, masonry walls are prescribed of length no less than a third of the height, and however no less than 1 m, including the thickness of the transversal wall. 
Above each opening there is an architrave resistant to bending which is effectively clamped onto the masonry. 
7.8.6.2
Reinforced masonry constructions 
The indications set out in § 7.8.6.1 for ordinary masonry are applicable also to reinforced masonry, with the following exceptions and pertinent prescriptions set out in § 4.5.7. 
The architraves above openings must be made in reinforced masonry. 
The reinforcement bars must be exclusively of a type with improved adherence and must be anchored suitably to the ends by being folded around the vertical bars. Alternatively, trestle or shaped reinforcement can be used for horizontal reinforcement, to ensure suitable adherence and anchorage. 
The percentage of horizontal reinforcement, calculated in respect of the gross section of the vertical section of the wall, cannot be less than 0.04 %, nor greater than 0.5 %. 
Parapets and connection elements between different walls must be well connected to adjacent walls, ensuring the continuity of horizontal reinforcement and, where possible, vertical reinforcement. 
Where perimeter walls cross, it is possible to derogate from the requirement to have areas of masonry wall on both the walls of a length no less than 1 m. 
7.8.6.3
Confined masonry constructions 
Confined masonry constructions must be designed complying with the following requirements:
· the horizontal and vertical confinement elements must be connected to each other and anchored to elements of the main structural system;
· to ensure effective connection between the confinement and masonry elements, the concrete of the confinement elements must be poured after the masonry is realised;
· the minimum transversal dimension of the horizontal and vertical confinement elements must not be less than 150 mm. In the double plate walls, the thickness of the confinement elements must ensure the connection of the two plates and their confinement;
· the vertical confinement elements must be positioned:
a)
along the free edge of each structural wall,
b)
on both sides of the openings with area greater than 1.5 m2,
c)
inside the walls with interval no greater than 5 m,
d)
at the intersections of the structural walls; in all cases where the nearest confinement elements are at a distance greater than 1.5 m;
· the horizontal confinement elements must be positioned on the plane of the wall at each plane and, in any case, at an interval no greater than 4 m;
· the longitudinal reinforcement of the confinement elements must have an area no less than 300 mm2 or 1 % of the confinement element;
· the brackets must have a diameter no less than 5 mm and interval no greater than 15 cm;
· the lengths of overlap of the longitudinal bars must not be less than 60 diameters.
7.9.
BRIDGES 
7.9.1.
SCOPE OF APPLICATION 
This chapter concerns pile and girder bridges; the latter may be continuous over multiple piles or simply supported at each span. 
Piles are considered as having a single stem with a generic, solid or hollow, single- or multiple-cell cross-section. The criteria and rules contained in this chapter may also be applied to portal-shaped piles. Piles of a more complex geometry (e.g. spatial frame) typically require specific design criteria and analysis and verification methods. 
For bridge types different to those mentioned, the calculation hypotheses and methods must be accurately documented, notwithstanding the behaviour factors indicated in Table 7.3.II. 
7.9.2
GENERAL DESIGN CRITERIA 
For non-dissipative structural behaviour, the capacity of members and connections should be assessed in accordance with the rules set out in Chapter 4, without any further requirements, provided that: for reinforced concrete structures, no section exceeds the conventional initial yield curve, as defined in § 7.4.4.1.2; for pre-compressed reinforced concrete structures and steel structures, no material exceeds the design plastic yield.
For dissipative structural behaviour, the structure of the bridge must be of such a design and size that, under seismic action relative to theLLS, it gives way to the formation of a stable dissipative mechanism, in which dissipation is limited to the piles.
For the design of foundation piles, with reference to § 7.2.5, a limited dissipative capacity may be considered, dividing the seismic stresses on the piles deriving from the structural analysis with non-dissipative behaviour by 1.5. In this case, for a length equal to 10 diameters from the top of the pile, the construction details referred to in § 7.9.6.1 relating to CD”B” must be applied.
The capacity of the members and connections must be assessed in accordance with the rules set out from § 7.1 to § 7.3, as well as the design and detailed rules given in the subsequent paragraphs.
In assessing the capacity of reinforced concrete sections, the confinement effect (see § 4.1.2.1.2.1) may be taken into account provided that the loss of reinforcement covering as the sections reach the ultimate unconfined concrete compression deformation (0.35%) is considered.
The structure's proportions must be such as to favour plastic behaviour in the highest possible number of piles. Non-elastic dissipative behaviour must be flexural, with the exclusion of possible shear failure mechanisms. Where possible, dissipative zones must be positioned at accessible points, albeit with reasonable difficulty, to facilitate inspection and repair. 
The seismic behaviour of continuous-deck bridges is generally better than that of supported-span bridges, providing there is a largely simultaneous configuration of plastic hinges beneath all piles designated as dissipative elements.
Elements never required to provide a dissipative capacity must maintain a substantially elastic behaviour; these are: elements designed for non-dissipative behaviour, external portions of dissipative areas of piles, decking, bearing devices, foundation structures, abutments, and piles that do not exchange horizontal actions with the decking. In this respect, the “capacity design” criterion described below must be adopted for each specific case. 
7.9.2.1
Values of the behaviour factor 
In the case of non-dissipative structural behaviour, for the two horizontal components of the seismic action, q0 is taken as 1.0.
In the case of dissipative structural behaviour, for the two horizontal components of the seismic action, the maximum base values q0 of the behaviour factor are shown in Table 7.3.II; where: λ(α)=1, if α ≥ 3, λ(α)=(α/3)0,5 , if 3 > α ≥ 1, with α = L/H, where L is the length between the plastic hinge to the null moment point and H is the height of the section in the inflection plane of the plastic hinge. 
For ductile reinforced concrete elements, the values of q0 in Table 7.3.II only apply if the normal compressive stress νk , obtained by dividing design stress NEd by the normal compressive strength of the section (νk = NEd/Ac fck), is no greater than 0.3. 
The normal compressive stress may not exceed the value νk = 0.6. 
For intermediate νk values between 0.3 and 0.6, the value of q0 is taken from:
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where q0 is the applicable value for νk ≤ 0.3.
Table 7.3.II also shows structures that move with the earth. Such structures are not subject to ground acceleration amplitude as they are characterised by very low natural periods of horizontal vibration (T ≤0.03 s). This category also includes abutments connected to the deck by flexible connections or sliding bearings.
For each of the two main directions, the maximum values q0of the behaviour factor are to be applied to individual piles, for isostatic bridges, and to the entire structure, for continuous-span bridges. 
For bridges with different types of ductile structural elements, for each of the two directions, the behaviour factor of the same types of elements which contribute substantially to seismic action resistance is adopted.
The requisite of regularity, therefore the applicability of a value KR= 1, can be verified a posteriori using the following procedure:
‒
for each ductile element, the ratio ri= q0MEd,i/MRd,i , where MEd,i is the moment at the base of the ith ductile element produced by the design seismic combination, and MRd,i is the corresponding resisting moment;
‒
the geometry of the bridge is considered “regular” if the ratio between the maximum and the minimum of the ri ratios, calculated for piles part of the earthquake-resistant system in the direction in question, is less than 2 (
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and in any case, assuming that q = q0 KR ≥ 1.
In order to determine rmax and rmin in the horizontal direction in question, piles with a shear strength not exceeding 20 % of the total seismic strength divided by the number of bearing elements can be excluded.
For bridges with an irregular geometry (e.g. angle of obliquity greater than 45 °, very small curvature radius, etc.), a behaviour factor q of 1.5 is adopted. Values higher than 1.5, but not higher than 3.5, may be adopted only where the ductility requirements are verified by non-linear analysis.
7.9.3.
STRUCTURAL MODEL 
The structural model must be able to describe all significant degrees of freedom characterising dynamic response and accurately reproduce the characteristics of structural inertia and stiffness and deck restraint. 
Where the decking has an angle of obliquity ( > 20 ° (see Figure 7.9.1) or is particularly wide with respect to its length (breadth (B) to length (L) ratio, B/L > 2.0), particular attention must be placed on the rigid motions of the bridge around the vertical axis, especially for continuous beams, ensuring the strength mechanism is not entrusted to the torsion of a single pile and, for supported beams, ensuring an effective configuration of bearing devices. 
[image: image538.jpg]



Figure 7.9.1 – Skew bridge
The rigidity of reinforced concrete elements must be assessed taking into account their current state of cracking, which generally differs for decking (often entirely reactant) and for piles.
In the absence of more accurate calculations, the accidental eccentricity given in § 7.2.6 refers to decking and may be assumed as 0.03 times the size of the decking, measured perpendicular to the direction of the seismic action.
7.9.3.1
Ground-structure interaction and local seismic response analysis
Notwithstanding the provisions of § 7.2.6 concerning the modelling of seismic action, where the deformability and dissipative capacity of the foundation-soil system are schematised with viscoelastic restraints, the dynamic impedance matrices used for modelling the effects of ground-structure interaction must be assessed for each pile and for each abutment at appropriate frequency intervals.
In modal elastic response spectrum analyses, the dynamic impedance matrices must contain only the real part, i.e. the terms of rigidity. The dissipative capacity of the foundation-soil system may be brought to account by reducing the design spectral ordinates for both horizontal and vertical components using factors obtained by means of proven methods.
In time domain analyses, the foundation-soil system shall be described by the dynamic impedance matrices considering both the terms of stiffness and the terms of damping.
The modelling of the bridge shall include the inertia characteristics of plinths and of the ground on top of them and take into account the stiffness of reinforced concrete elements in their current state of cracking.
7.9.4.
STRUCTURAL ANALYSIS 
For methods of analysis see § 7.3, notwithstanding the provisions of § 7.9.4.1 below. When using linear methods, the increase in bending stresses in dissipative areas as a result of geometric non-linearities can be taken into account by means of the simplified expression: 
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where dEd is the displacement assessed in the design seismic situation in accordance with the specifications given in § 7.3.3.3 and NEdis the design axial force. 
7.9.4.1
Linear static analysis 
The requirements for applying the linear static analysis can be considered met in the following cases: 
a)
for both longitudinal and transverse directions, in simply supported girder bridges where the effective mass of each pile does not exceed 1/5 the mass of the deck supported by it; 
b)
in the longitudinal direction, for straight continuous-girder bridges where the overall effective mass of the piles which form part of the earthquake-resistant system does not exceed 1/5 the mass of the deck; 
c)
in the transverse direction, for bridges which satisfy condition b) and are symmetrical with respect to the longitudinal centre line or have an eccentricity not exceeding 5 % of the length of the bridge. Eccentricity is the distance between the centre of gravity of the masses and the centre of rigidity of the piles which form part of the earthquake-resistant system in the transverse direction. 
For constant-section piles, the effective mass may be assumed as equal to the mass of the upper third of the pile plus the mass of the pile cap. 
In cases (a) and (b) the mass M, to be considered concentrated at the deck level and which is used to assess the force F equivalent to the seismic action, have the following values:
‒
the mass of the deck pertaining to the pile, plus the mass of half the upper third of the pile, plus the mass of the pile cap, in case a); 
‒
the entire mass of the deck, plus the mass of the upper third of all piles, plus the mass of all pile caps, in case b). 
The fundamental T1in which to assess spectral response acceleration Sd(T1) is given in both cases by the expression: 
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where K is the lateral stiffness of the model in question, namely the individual pile in case a) or all of the piles in b). 
In case c), the system of horizontal forces equivalent to the seismic action to be applied to the nodes of the model is given by the expression: 
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where: T1 is the fundamental period of the bridge in the transverse direction, g is the acceleration of gravity, di is the displacement of degree of freedom i when the structure is subject to a system of transverse static forces fi = Gi, Gi is the weight of the concentrated mass in degree of freedom i. 
The period T1 of the bridge in the transverse direction can be assessed with the approximate expression: 
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7.9.5.
SIZING AND VERIFICATION OF STRUCTURAL ELEMENTS
The following indications apply to the structural elements of structures in elevation. Such structures are subject to strength and ductility tests following the procedures indicated in § 7.3.6.1.
The factors of overstrength γRd to be used in the individual tests, according to the rules of capacity design, are calculated using the expression: 
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in which q is the value of the behaviour factor used in the calculation. For reinforced concrete sections, where the ratio νkbetween the axial force and compressive strength of the concrete section exceeds 0.1, the factor of overstrength is multiplied by 1+ 2 (νk − 0.1)².
Stresses calculated based on increased flexural capacities, plus the effect of the permanent loads distributed over the elements, obtained using the capacity design criterion, are indicated with the index “prc”, e.g. Fprc. 
For foundation structures, the provisions of § 7.2.5 apply.
Added to the seismic actions, to be withstood by the abutment or pile as structures in their own right, are parasitic forces transmitted through friction by sliding bearings or elastomers that do not fulfil the isolation function in accordance with § 7.10, which must be increased by a factor of 1.30.
Parasitic forces transmitted by bearings or coercion applied to the structure by variable or permanent actions may be overlooked for constructions with structural elements that reach flexural capacity, calculated based on the relative ULS domain strength, in line with the acting axial stress.
7.9.5.1
Piles 
For steel piles, see the criteria in § 7.5.
For reinforced concrete piles, the criteria indicated hereafter apply.
7.9.5.1.1
Strength tests (RES)
The capacity of each section must match or exceed the corresponding demand.
Buckling
In sections with the envisaged formation of dissipative zones, buckling demand is obtained from the general structural analysis for the load combinations referred to in § 2.5.3. 
For bridges in CD“A” and in CD“B”, the compressive demand on the piles must not exceed 55 % and 65 %, respectively, of the maximum compressed capacity of the concrete-only section, for all of the combinations in question.
In sections included in dissipative zones, the following must occur:
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where: 
MEd
is the flexural demand (accompanied by the flexural demand in the orthogonal direction assumed to be contemporaneous thereto) deriving from the analysis; 
MRd
is the flexural capacity, calculated based on the relative ULS domain strength, in line with the acting axial stress. 
In sections outside dissipative zones, the following must occur:
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where Mprc is the flexural demand (accompanied by the flexural demand in the orthogonal direction and assumed as contemporaneous thereto) calculated as described in § 7.9.5 and Myd is the flexural capacity of the conventional initial yield curve referred to in § 7.4.4.1.2, in line with the acting axial stress. 
Where, outside the dissipative zones of the piles, the flexural demand Mprc exceeds the value MRd of those dissipative zones, the latter is adopted instead of Mprc. 
Shear
With respect to capacity design, for each direction of application of the earthquake, the shear demand VEd is obtained from the balance between the flexural capacities of the end sections of pile Ms,prc and Mi,prc and the shear Vprc applied in those sections, according to the following expressions:
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where lp is the distance between the two end sections of the pile (for piles joined only at the base, this is the distance between the joint section and the section of zero moment) and γBd is calculated based on the relationship between the shear deriving from the VEanalysis and the shear Vprc through the following formula:


[image: image548.wmf]25

,

1

)

/V

(V

q

-

2,25

1,00

prc

E

Bd

£

×

=

g

£


[7.9.11]
The shear capacity of pile sections is calculated as indicated in § 4.1.2.3.5, where the arm of the internal forces, z, may be assumed as 0.9 d for full or hollow rectangular sections, 0.75 d for full circular sections and 0.60 d for hollow circular sections. 
In the dissipative zones of piles designed in CD ”A”, the angle of inclination of the compressed concrete connecting rods must be taken as 45 °. 
Section dimensions are to refer only to the confined concrete core where confinement reinforcement is necessary. 
Square elements, α < 2.0 (see § 7.9.2.1), must also be subject to slide testing. 
7.9.5.1.2
Ductility tests (DUT)
The ductility test must be performed for the dissipative zones of piles that require confinement reinforcement as indicated in § 7.9.6.1.
The ductility test may be omitted where the construction specifications indicated in § 7.9.6.1 are met. Where necessary, the ductility test must be performed as indicated in § 7.4.4.1.2.
7.9.5.2
Decking 
To avoid hammering between different parts of adjoining decking, the criteria set out in the section “distance between adjoining buildings” of § 7.2.1 are to be followed.
Lower values of such distances may be adopted where the hammering between parts produces controlled and, depending on the operation of the infrastructure, easily repairable failure mechanisms.
7.9.5.2.1
Strength tests (RES)
The capacity of each section must match or exceed the corresponding demand.
The size criterion for decking is that it must not suffer any damage due to actions corresponding to the LLS , i.e. as a result of the maximum stresses caused by the design seismic action. 
Strength tests are generally superfluous in the longitudinal direction for bridges with a straight axis or only a moderate curvature, notwithstanding any local effects at the points of connection with bearing devices. 
In the transverse direction, the strength demand is obtained following capacity design criteria. 
More specifically, at the top of the generic pile i there is a shear stress given by: 
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in which VE,i is the value of the shear force taken from the analysis, ME,i is the corresponding bending moment at the base of the pile, and MRd,ii is the effective section modulus at the base of the pile. 
Where the pile also transmits moments to the decking, the values to be assumed for testing the decking are taken from the section modulus values of the members transmitting them, multiplied by the overstrength γRd . 
For direct seismic action applied transversely to the bridge, where the decking is tested following the capacity design criterion, a reduction of its torsional stiffness must be considered. 
In the vertical direction, deck testing must be carried out in the cases indicated in § 7.2.2, assuming the value q = 1 for the seismic action. 
7.9.5.3
Bearing devices and overlap areas
7.9.5.3.1
Fixed bearing or fixed restraint devices 
Fixed bearing or fixed restraint devices must be sized according to capacity design criteria. It must therefore be able to transmit, while remaining fully functional, horizontal forces such as to produce, in the dissipative area or areas at the base of the pile, a bending moment of: γRd∙MRd where MRd is the resisting moment of the dissipative area(s). This test may be carried out independently for the two directions of the seismic action. 
Forces determined as referred to above may exceed those obtained from the analysis with q = 1; in such case, the latter may be adopted in the design of such structures. 
7.9.5.3.2
Sliding bearing devices 
In bearing areas with an envisaged relative movement between elements of the structure (decking-pile, decking-abutments, “Gerber” trusses, etc.), sliding bearings must be sized as indicated in § 7.2.2.
7.9.5.3.3
Limit devices 
Limit devices are different construction elements intended to limit the relative movement between decking and the top of the pile or abutment. These devices can comprise shock absorbing elements in rubber or other materials, cable connections, etc. 
The use of such elements is necessary where design conditions do not allow for the construction of bearings between girder and pile head or abutment, or in girder joints (‘Gerber’ trusses), offering the same performance as required under § 7.9.5.3.4. 
In such cases, in the absence of a dynamic analytical verification of the deck-pile or abutment interaction and of the stresses placed on the devices, the devices may be of such a size to withstand a force equal to α · Q, where α = 1.5 S ag/g is the normal design acceleration assessed at CLS, S, ag and g are defined in § 3.2.3.2.1 and Q is the weight of the part of the decking connected to a pile or to the abutments, or, where two parts of decking are connected together, the lesser of the weights of each of the two parts. 
7.9.5.3.4
Overlap areas 
Bearing areas with an envisaged relative movement between elements of the structure (decking-pile, decking-abutments, “Gerber” trusses, etc.) must, in any case, have an adequate overlap area. 
The minimum length of said area is obtained by adding to the relative displacement between the parts, assessed as indicated in § 7.2.2, the necessary space, of at least 400 mm, for the bearing device.
7.9.5.4
Abutments 
Bridge abutments must be designed in such a way that all their component parts cannot be damaged so as to compromise their full functionality under seismic action relative to the LLS. 
The seismic testing of abutments may be carried out separately, for acceptable simplification, for the transverse and longitudinal directions. 
The analysis model to be adopted for abutments depends on the degree of coupling with the decking they support (see §§ 7.9.5.4.1 and 7.9.5.4.2). 
7.9.5.4.1
Connection using sliding bearing devices 
This type of connection is generally used for longitudinal movements only. 
In this case, the behaviour of the abutment under seismic action is practically decoupled from that of the rest of the bridge. 
In determining the design seismic stresses, the following contributions must be considered:
–
earth pressures subject to seismic effects, as specified in § 7.11.3, assessing, where envisaged and duly taken into account in the kinematic performance of the bearings, any relative displacements with respect to the ground.
–
forces of inertia acting on the mass of the abutment and of the ground at its foundation, to which an acceleration equal to agSis applied. 
7.9.5.4.2
Connection with fixed bearing devices 
This type of connection is generally adopted for the transverse direction and generally on one of the two abutments for the longitudinal direction. 
In both cases, the abutments and the bridge form a coupled system; it is therefore necessary to use a structural model that allows for analysis of the effects of interaction between the ground, the abutment and the coupled part of the bridge. 
Ground-abutment interaction can, in many cases, be overlooked (in favour of stability) where the seismic action acts transversely to the bridge, i.e. in the abutment plane. In these cases, the seismic action may be assumed as equal to the acceleration·ag ·S. 
In the longitudinal direction, the model must generally include the deformability of the ground behind and of the foundation ground. 
Where the above interaction analysis is not conducted, the forces of inertia acting on the mass of the abutment, of the ground at its foundation and of the decking shall be calculated based on the acceleration assessed with the design spectrum for the period TB . Where the system comprising the abutment, the ground at its foundation and the decking can be considered to be infinitely rigid (period of less than 0.05 s), the forces of inertia directly applied to it may be assumed as equal to the product of the masses for the ground acceleration·ag ·S.
Where the abutment supports a natural rigid ground for more than 80 % of the height, it can be considered that it moves with the ground. In this case, the design forces of inertia can be determined considering an acceleration equal to·ag ·S. 
7.9.6.
CONSTRUCTION DETAILS FOR REINFORCED CONCRETE ELEMENTS 
7.9.6.1
Piles
To ensure the required level of ductility, suitable transverse reinforcements must be provided inside the dissipative areas of the piles:
· reinforcements to adequately confine the concrete core of the section;
· reinforcements to counteract the instability of compressed vertical bars.
The requirements for transverse reinforcements are intended to meet specific performance targets. They do not determine the quantities of steel to be added together, therefore in the dissipative areas of the pile, notwithstanding the construction details and the minimum clearance of reinforcements provided for in the next three paragraphs, the transverse reinforcement quantity is the maximum of those necessary to: 
-
pass the shear strength tests;
-
adequately confine the concrete core of the section;
-
counteract the instability of compressed vertical bars.
Notwithstanding specific studies, the reinforcements in question are indicated in §§ 7.9.6.1.1, 7.9.6.1.2 and 7.9.6.1.3.
7.9.6.1.1
Reinforcements for concrete core confinement
Reinforcements for concrete core confinement are not necessary in the following cases: 
· where the normal compressive stress is νk ≤ 0.08;
· for sections of double-T or hollow thin-wall, single- or multi-cell piles, provided νk ≤ 0.2;
· for sections of piles designed in CD “A” or in CD “B” where it is possible to achieve a curvature ductility of no less than µ( = 13 or µ( = 7, respectively, without the maximum compressive deformation in the concrete exceeding the value 0.0035.
The minimum mechanical transverse reinforcement ratio for confinements comprising tie rods or rectangular stirrups wd,r is given by:
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where:
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where:
· Ac is the total concrete area of the section.
· Accis the confined core area of the section.
·  νk  QUOTE 
 is predefined.
·  is 0.37 for piles designed in CD “A” and 0.28 for piles designed in CD “B”.
· w,minis 0.18 for piles designed in CD ”A” and 0.12 for piles designed in CD “B”.
· ρL is the geometric longitudinal reinforcement ratio.
For circular stirrups, the minimum confinement mechanical reinforcement ratio is given by:
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The mechanical ratio is defined by the following expressions: 
–
rectangular sections 
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where: 
· Asw = total area of the arms of closed stirrups and tie rods in one direction
· s = vertical centre distance of confinement reinforcements = SL
· b = dimension in the horizontal plane of the confined concrete core measured in the orthogonal direction to that of the stirrup arms.
–
circular sections 
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where 
· Asp, Dsp area of the section of circumferential bars and diameter of the circumference;
· s = vertical centre distance of confinement reinforcements = SL . 
The clearance of the transverse confinement reinforcement along the vertical axis of the pile SL must satisfy the following conditions:
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where dbL is the diameter of the longitudinal reinforcements and b* is the smaller dimension of the confined concrete core.
In the transverse direction, the distance ST in the horizontal plane between two rectangular stirrup arms or between two tie rods must be:
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The confined portion of the concrete is measured from the centre of gravity of the confinement stirrup to the fibre in which the compression deformation in the conglomerate is equal to the value 0.0035/2.
7.9.6.1.2
Reinforcements to counteract the instability of compressed vertical bars
These are not necessary for pile sections designed in CD”B” where the confinement reinforcement may be omitted.
The clearance of the transverse reinforcement to counteract the instability of compressed vertical bars along the vertical axis of the pile SL must satisfy the following conditions:
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with the symbols assuming the meaning already explained.
Along the rectilinear edges of the sections, the objective of retaining the longitudinal bars can be achieved in one of two ways:
· using a stirrup arm secured by intermediate tie rods configured in alternating positions along the vertical axis of the pile.
· through the overlapping of multiple closed stirrups configured such that the internal vertical bars are alternately linked.
In the transverse direction, the distance ST in the horizontal plane between two stirrup arms or tie rods must be 200 mm or less. The minimum quantity of transverse tie rods or arms necessary to limit the instability of longitudinal bars along the rectilinear edges is given by the following equation:
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Where:
· AT and ST are the area of a stirrup or tie-rod arm (in mm2) and the distance measured in the transverse direction between the tie-rod arms (m), respectively.
· ∑As s is the sum of the areas of the vertical bars (in mm2) pertaining to a stirrup or tie-rod arm. 
· fyk,s and fyk,t are the yield stresses of the steel in the vertical reinforcement and in the stirrups or tie rods, respectively.
7.9.6.1.3
Construction details for dissipative areas
The length, measured along the vertical axis, of the dissipated area of a pile designed in CD “A”, where νk ≤0.3, is equal to the greater of the two: 
· the depth of the section in the orthogonal direction to the axis of rotation of the bending moment; 
· the distance between the section of maximum moment and the section in which the moment is reduced by 20 %. The diagram of bending moments on which to calculate the 20 % decrease is that in which the maximum value of the moment is Mprc.
For 0.3 ≤ νk≤0.6, this value must be increased by 50 %. 
For an additional extension in length equal to the previous, only gradually decreasing confinement reinforcement is provided, with a total measurement of no less than half of that needed in the first section.
The length, measured along the vertical axis, of the dissipated area of a pile designed in CD “B” is equal to the distance between the section of maximum moment and the section where MR,d ≤ 1.3 ME,d. This distance may be nil.
All confinement reinforcements, stirrups or tie rods must terminate with 135° bends that are anchored inwards for a minimum length of 10 diameters.
Tie rods must always be anchored to stirrups in proximity of vertical bars.
For sections where νk ≤ 0.30, tie rods with 135 ° bends on one end and 90 ° bends on the other end may be used provided that they are laid out alternately.
Tie rods with both ends bent at 135 ° may comprise two different rectilinear elements that overlap within the central area of the concrete core.
For sections of double-T or hollow thin-wall, single- or multi-cell piles, the ratio between the net length of each internal wall and its thickness must be 8 or less. For external walls, this is 4. For hollow circular piles, this limitation refers to the internal diameter.
7.9.6.2
Decking, foundations and abutments
Notwithstanding the reinforcement requirements referred to in § 7.2.5, as a result of the design criteria adopted, no specific ductility requirements are envisaged for the construction elements in question. 
7.10.
BUILDINGS WITH ISOLATION AND/OR DISSIPATION 
7.10.1.
SCOPE 
This chapter lays down criteria and rules for the design of new buildings and for the updating of existing buildings in which a seismic isolation system is installed beneath the building, or beneath a significant portion thereof, to improve its response to horizontal seismic actions. 
The reduction of a building's horizontal seismic response, irrespective of the type and structural materials of the building, can be achieved through one, or a combination, of the following isolation strategies: 
a)
increasing the fundamental period of the building to bring it into the field of lower response accelerations; 
b)
limiting the maximum horizontal force transmitted. 
In both strategies, isolation performance can be improved through dissipation in the isolation system for a consistent portion of the mechanical energy transmitted from the ground to the building. 
The provisions of this chapter shall not apply to seismic protection systems based on the use of dissipative elements distributed over multiple levels within the building. 
7.10.2.
GENERAL REQUIREMENTS AND THEIR SATISFACTION CRITERIA 
The isolation system comprises the isolation devices and, where appropriate, dissipation devices, each of which performs one or more of the following functions: 
–
withstand vertical loads with a high level of stiffness in the vertical direction and a low level of stiffness in the horizontal direction, allowing for substantial horizontal displacement; 
–
energy dissipation with hysteretic and/or viscous elements; 
–
system recentring; 
–
lateral restraint, with adequate stiffness, under horizontal (non-seismic) service loads. 
They form an integral part of the isolation system for connecting elements, as well as any additional restraints to limit horizontal displacement due to non-seismic actions (e.g. wind). 
Referred to as the “isolation interface”, the surface of separation on which the isolation system operates comprises: 
–
“substructure”, the part of the structure beneath the isolation system interface and which includes the foundations, which typically have a negligible horizontal deformability that is directly subject to displacement caused by seismic ground movements; 
–
“superstructure”, the part of the structure above the isolation interface, which is therefore isolated. 
The superstructure and the substructure must be maintained in a substantially elastic field. For this reason, the structure may be designed with reference to the construction requirements for buildings characterised, at the LLS, by agS≤0.075 g, notwithstanding the provisions of § 7.4.6 and § 7.9.6 for reinforced concrete structures. 
Given the critical role it plays, the isolation system is required to have a superior reliability. This reliability is considered achieved if the isolation system is designed and verified in practice in accordance with the provisions of § 11.9. 
7.10.3.
DEVICE CHARACTERISTICS AND ACCEPTANCE CRITERIA 
Devices may only be used where they meet the characteristics and satisfy all of the requirements set forth in § 11.9 of these regulations. 
7.10.4.
DESIGN INDICATIONS 
7.10.4.1
Device indications 
The housing of isolation and dissipation devices and their connection to the structure must be designed such that they can be readily accessed for inspection and to carry out repairs. They must also have appropriate countering systems that allow the device to be recentred in the event of any residual displacement following an earthquake that is incompatible with the functionality of the construction and/or the correct behaviour of the isolation system. 
Where necessary, devices must be protected from possible effects deriving from fire, chemical or biological attacks. Alternatively, they should have devices which, in case of destruction of the isolators, are capable of transferring the vertical load to the substructure. 
7.10.4.2
Control of undesired movement 
To minimise torsional effects, the projection of the centre of mass of the superstructure over the isolators and the centre of stiffness of the devices or, for flexible substructures, the centre of stiffness of the substructure insulation system, must be the same, where possible. Where the isolation system entrusts its capacity of dissipation and recentring with respect to horizontal actions among several devices, such devices should, where possible, be configured in a way that minimises torsional effects (e.g. perimetrically) and be statically redundant in number. In the case of bridges, the effects of accidental mass eccentricity can be disregarded.
To minimise the behavioural differences of devices, the compressive stresses at which they operate must be as uniform as possible. For isolation systems that use different types of devices, particular attention must be paid to the possible effects of different vertical deformability under both static and seismic actions. 
To prevent or limit tensile actions in devices, structural grid spacing must be determined in such a way that the design vertical load "V" acting on the single insulator under seismic and concurrent actions is compressive or, at most, null (V≥0). Where it is found that V<0, the tensile stress must be of a lower modulus than the lesser of 2G (G being the shear modulus of the elastomeric material) and 1 MPa, in elastomeric isolators, or, for other device types, it must be shown through appropriate testing that the device is able to withstand such a condition or can provide appropriate restraints capable of fully absorbing the stress. 
7.10.4.3
Control of differential seismic ground displacement 
In buildings, both the structure of the device installation floor and the structures of the floor supporting the superstructure must be of such a size that they ensure stiff behaviour on that floor in order to limit the effects of differential seismic displacement. Otherwise, the spatial variability of the ground motion must be taken into account as specified in § 3.2.4. 
The above condition shall be considered fulfilled where a rigid diaphragm comprising a reinforced concrete floor or a grid of beams designed taking into account any possible instability is present both above and below the isolation system and where the isolation system devices are fixed to both diaphragms, either directly or through vertical elements whose horizontal displacement in seismic conditions is less than 1/20 of the relative displacement of the isolation. Such elements must be designed to respond in a strictly elastic field, taking into account the greater reliability required of isolation and dissipation devices. 
7.10.4.4
Control of displacement relative to the ground and to surrounding buildings 
Adequate space must be ensured between the isolated superstructure and the ground or surrounding buildings to allow for seismic displacement in all directions. For bridges, the separating joints between different portions of decking and between the deck and the substructure must be of such a size to allow the isolation system to function correctly without impeding the displacement of isolated parts. 
Appropriate measures must also be taken to ensure that any malfunctioning of connections beneath the joints cannot compromise the efficiency of the isolation. 
7.10.5.
MODELLING AND STRUCTURAL ANALYSIS 
7.10.5.1
Isolation system properties 
The mechanical properties of the isolation system to be adopted in design analyses, deriving from the combination of mechanical properties of its individual constituent devices, are the least favourable that may be verified during the reference period VR considered. They must take into account, where applicable: 
–
the scale of the deformities found in relation to the limit state for verification of which the analysis is performed; 
–
the variability of the mechanical characteristics of the devices, within the scope of the supply; 
–
the maximum deformation speed (frequency) within a variability interval of ±30 % of the design value;
–
the scale of the vertical loads acting at the time of the earthquake;
–
the scale of the loads and deformations in the transverse direction to that considered;
–
temperature. for the maximum and minimum design values. 
Attention should also be paid to any long-term changes in the device's mechanical characteristics during its useful life. 
Accordingly, multiple analyses must be performed for each limit state to be verified, assigning to the model parameters the least favourable extreme values for assessment of the values to be verified and which are consistent with the scale of the deformations found in the devices. 
Where the extreme values (maximum or minimum) differ by no more than 20% of the average value, the average values of the mechanical properties of the isolation system may be adopted. 
7.10.5.2
Modelling 
The superstructure and the substructure must be modelled as systems with a linear elastic behaviour with a stiffness that corresponds to their non-dissipative structural behaviour. Depending on its mechanical characteristics, the isolation system may be modelled as having linear viscoelastic behaviour, or with a non-linear constitutive equation. The vertical deformability of the isolators should be taken into account when the ratio between the vertical stiffness of the isolation system KV and the equivalent horizontal stiffness Kesi is less than 800. 
Where a linear model is used, an equivalent stiffness referring to the total design displacement for the limit state in question must be adopted for each device which forms part of the isolation system. The total equivalent stiffness of the isolation system, Kesi, is equal to the sum of the equivalence stiffnesses of the individual devices. The energy dissipated by the isolation system must be expressed in terms of the isolation system's equivalent viscous damping coefficient, ξesi, valued with reference to the energy dissipated by the isolation system in cycles with a frequency within the natural frequency range for the modes considered. For the upper modes of the structure, which are outside the said range, the damping ratio of the complete model must be that of the superstructure in the fixed-base condition. 
Where the equivalent stiffness and/or damping of the isolation system depend significantly on its design displacement, an iterative procedure must be applied until the difference between the assumed value and the calculated value is no less than 5 %. 
The behaviour of the isolation system may be modelled as equivalent linear where all of the following conditions are met:
a)
the equivalent stiffness of the isolation system is at least equal to 50 % of the secant stiffness for cycles with a displacement of 20 % of the reference displacement; 
b)
the equivalent linear damping of the isolation system, as defined above, is less than 30 %; 
c)
the force-displacement characteristics of the isolation system do not vary by more than 10 % as a result of changes in deformation speed, within a field of ±30 % around the design value, and of the vertical action on the devices, within the design field of variability; 
d)
the increased force in the isolation system for displacements between 0.5 dc and ddc, where ddc is the displacement of the centre of stiffness due to the seismic action, is at least 2.5 % of the total weight of the superstructure. 
Where a non-linear model is adopted, the constitutive equation for the individual devices of the isolation system must adequately reproduce their behaviour within the field of deformations and speed verified during the seismic action, including in relation to the correct representation of energy dissipated in the hysteresis loops. 
If deemed relevant to the seismic response of the isolated structure, any ground-structure interaction as indicated in § 7.9.3.1 should be taken into account. 
7.10.5.3
Analysis 
Base-isolated buildings are subject to the requirements set forth in § 7.3.3 and § 7.3.4, supplemented or, where applicable, replaced by those contained in the following points. The non-linear static analysis may not be used for such buildings. 
7.10.5.3.1
Linear static analysis 
For base-isolated buildings, the linear static analysis method may be applied where the isolated structure meets the following requirements: 
a)
the isolation system can be modelled as linear, in accordance with § 7.10.5.2 above; 
b)
the equivalent period Tis of the isolated building has a value of between 3 Tbf and 3.0 s, where Tbf is the period of the assumed fixed-based superstructure, estimated with an approximated expression; 
c)
the vertical stiffness of the isolation system KV is at least 800 times greater than the equivalent horizontal stiffness of the isolation system Kesi; 
d)
the period in the vertical direction TV,calculated as 
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e)
no isolator is under stress due to the combined effect of the seismic action and the vertical loads; 
f)
the earthquake-resistant system has a regular structural floor configuration, as defined in § 7.2.1. 
In addition to requirements a) to f), civil and industrial buildings shall also be subject to the following:
· the superstructure has a height of no more than 20 m and no more than five floors;
· the substructure may be considered infinitely stiff, i.e. with a period no greater than 0.05 s. 
· the largest floor dimension of the superstructure is less than 50 m; 
· in each of the principal horizontal directions, the total eccentricity between the centre of stiffness of the isolation system and the vertical projection of the centre of mass is no more than 3 % of the size of the superstructure transverse to the horizontal direction considered. 
In addition to requirements a) to f) , bridges shall also be subject to the following: 
–
the static diagram is based on simply supported decking, or the static diagram is based on continuous, regular-shaped decking characterised by: a substantial deck straightness, equal spans, maximum ratio between stiffnesses of piles below 2, and a total continuous decking length of less than 150 m; 
–
the mass of the upper half of the piles is less than 1/5 of the mass of the decking; 
–
piles are less than 20 m in height; 
–
in the transverse direction, the distance between the centre of stiffness of the isolation system and the centre of mass of the decking does not exceed 5 % of the transverse dimension of the superstructure. 
Where the above conditions are met, the calculation may be performed on two separate models, assuming the corresponding damping value for each: one for the superstructure plus isolation system, and one for the substructure. The latter is subject to the forces taken from the first model and the forces of inertia produced directly by the ground motion. 
The total horizontal force applied to the isolation system, to be distributed among the structural elements which make up the substructure in proportion to the stiffnesses of the corresponding isolation devices, is: 
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where 
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 is the spectral acceleration defined in § 3.2.3 for the appropriate foundation category and Kesi,min min is the minimum equivalent stiffness in relation to the variability of the mechanical properties of the isolation system, as a result of the factors set out in § 7.10.5.1. 
Centre of stiffness displacement due to the seismic action ddcbe calculated, in each horizontal direction, based on the following expression: 
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The horizontal forces to be applied to each level of the superstructure must be calculated, in each horizontal direction, based on the following expression:
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where mj is the mass of the jth level. 
The effects of the superstructure's overall torsion on individual isolation devices can be taken into account by increasing in each direction, the displacements and forces referred to above through the factors δxi and δyi, to be applied to the actions in directions x and y, respectively: 
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where: 
(xi, xi) are the coordinates of the device with respect to the centre of stiffness;
etot,x etot,y
is the total eccentricity in direction x, y;
rx ry
are the components of the isolation system's torsion beam in directions x and y, given by the following expressions: 
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Kxi, Kxi are the equivalent stiffnesses of the ith device in directions x and y, respectively. 
For verification of structural elements, the torsional effects on the superstructure are assessed as specified in § 7.3.3. 
7.10.5.3.2
Linear dynamic analysis 
For base-isolated buildings, the linear dynamic analysis may be applied where the behaviour of the isolation system can be elastically modelled in compliance with the conditions referred to in § 7.10.5.2. For the system as a whole, comprising the substructure, the isolation system and the superstructure, a linear elastic behaviour is assumed. Where the isolation system is not immediately above the foundations, the model must include both the superstructure and the substructure, unless the substructure is not assimilable to a stiff box structure as defined in § 7.2.1. The analysis may be performed by means of a modal response spectrum analysis or step-by-step integration of equations of motion, with modal decoupling, where applicable, considering a number of modes such as to account for a significant share of the mass of the substructure, if included in the model. 
Where the moral response spectrum analysis is adopted, this must be performed in accordance with § 7.3.3.1, notwithstanding any different indications given in this section. The two horizontal components of the seismic action are generally considered to be acting simultaneously, adopting, for the combination of effects, the rules provided in § 7.3.3.1. The vertical component must be taken into account in the cases referred to in § 7.2.2 and, in any case, when the ratio between the vertical stiffness of the isolation system KVand the equivalent horizontal stiffness Kesi is less than 800. In such cases, it should be ensured that the mass excited by the vertical direction modes considered in the analysis is significant. 
The elastic spectrum defined in § 3.2.3.2 is reduced for the whole period field T ≥ 0.8 Tis, assuming for the reduction coefficient η the value of the isolation system's equivalent viscous damping coefficient ξesi. 
In the case of linear analysis with step-by-step integration, the correct value of the equivalent viscous damping coefficient ξ is determined, when operating on individual decoupled modal equations, by assigning to each equation the corresponding modal value of ξ or, when operating on the system as a whole, by appropriately defining the system’s damping matrix. 
7.10.6.
VERIFICATIONS 
7.10.6.1
Serviceability limit state verifications 
The required level of protection for the substructure and the foundations with respect to the DLSis to be considered reached only where the relative verifications with respect to the LLS referred to in § 7.10.6.2 are met. 
The superstructure DLS verification must be carried out checking that the interfloor displacements obtained from the analysis are less than 2/3 of the limits indicated for the DLSin § 7.3.6.1. 
Isolation system devices must not suffer any damage that may compromise their operation in service conditions. This requirement is normally considered met where the device LLSverifications are met. For systems with non-linear behaviour, any residual displacement at the end of the seismic action at the DLS must be compatible with the functionality of the building. 
Any connections, structural or otherwise, particularly those for utilities, between the isolated structure and the ground or parts of non-isolated structures, must absorb the relative displacements corresponding to the DLSwithout suffering any damage or limitation of use. 
7.10.6.2
Ultimate limit state verifications 
For buildings particularly exposed to the action of the wind or for bridges in general, the energy isolation and/or dissipation devices subject to the combinations inherent to the variable horizontal actions must undergo ULS verification.
7.10.6.2.1
LLS verifications 
The capacity of the substructure and of the superstructure must be assessed adopting the γMvalues used for non-isolated buildings.
The elements of the substructure must be verified with respect to the stresses obtained directly from the analysis where the model includes the substructure. Otherwise, they must be verified with respect to the stresses produced by the forces transmitted by the isolation system combined with the stresses produced by the response accelerations directly applied to the substructure. Where the substructure can be assumed to be infinitely rigid (period of less than 0.05 s), the forces of inertia directly applied to it may be assumed as equal to the product of the masses of the substructure for the ground acceleration agS. The combination of stresses must be carried out by adopting the rules given in § 7.3.5, taking into account the pseudo-static effects induced by the relative displacements produced by the spatial variability of the motion solely in the cases referred to in § 3.2.4.1 and § 3.2.4.2.
The demand on the structural elements of the superstructure and of the substructure and on the ground, must be assessed for linear analysis, considering a behaviour factor q≤1.50 for buildings and q=1 for bridges and adopting the combination rules referred to in § 2.5.3. 
In maximum stress conditions, the parts of devices not used for dissipation must remain in the elastic field, in accordance with the rules applicable to their constituent materials, and in any case with a safety coefficient of at least 1.5. 
For buildings in use Class IV, any connections, structural or otherwise, particularly those for utilities, between the isolated structure and the ground or parts of non-isolated structures must absorb the relative displacements envisaged in the calculation, without damage. 
To avoid hammering between different adjoining parts, the criteria set out in the section “Distance between adjoining buildings” of § 7.2.1 and, for bridges, in § 7.9.5.2, are to be followed.
7.10.6.2.2
CLS verifications 
Isolation system devices must be able to withstand d2 displacements without failing, assessed for an earthquake referring to theCLS. For systems with non-linear behaviour, added to the displacement produced by the seismic action is whichever is greater between the residual displacement at the DLS and 50 % of the displacement corresponding to the annulment of the force, following the discharge branch from the maximum displacement point reached at the DLS. 
In all buildings, gas and other dangerous utility connections which pass through separating joints must be designed to allow for the relative displacements of the isolated superstructure, with the same level of safety adopted in the isolation system design. 
Bridges and buildings with sliding bearings are subject to the requirements set out in § 7.9.5.3.2 and § 7.2.1, respectively.
Limit devices, where used, must freely allow for the maximum displacements of energy isolation and/or dissipation devices and must be sized in accordance with the criteria set out in § 7.9.5.3.3. The maximum displacements are defined in the first point of this section.
7.10.7.
CONSTRUCTION ASPECTS, MAINTENANCE, SUBSTITUTABILITY 
The project must contain a description of the device installation procedures and a maintenance plan. The project documents must include complete details, dimensions and requirements on quality, as well as any special devices and tolerances concerning their installation. Highly important elements that require specific testing during the construction and installation phases must be indicated in the design drawings, together with the test procedures to be adopted. 
The quality plan must also provide a description of the procedures for the installation of devices during construction of the building to be isolated, as well as the schedule of periodic tests, maintenance and replacement procedures during the nominal lifetime of the structure, the duration of which must be specified in the design documents. 
To ensure high-quality installation, isolators should be installed by specialist personnel following a plan that specifies the coordinates and the elevation of each device, the size and pre-regulation of any mobile rolling devices, the size of any cavities made in concrete castings for stirrup or anchor rod placement, and the characteristics of levelling and sealing mortars. 
For isolator replacement, the structure design must allow vertical loads to be temporarily transferred from the superstructure to the substructure using hydraulic jacks adjacent to the isolator to be replaced. To this end, the structure design may include cavities for the insertion of jacks between the substructure and the superstructure, or other equivalent construction specifications. 
Paths used by workers to reach and inspect isolators must be provided and indicated in the conceptual design of structures and of any curtain walls to ensure access to the device from all sides. 
The results of periodic inspections must be recorded in a document that must be kept with the plans for the isolated structure during the building's entire service life. 
7.10.8.
SPECIFIC MEASURES DURING TESTING 
For static testing, it is essential that devices be inspected in-situ with respect to the tolerances and installation procedures set out in the design, as well as to verify the complete separation between substructure and superstructure and between the superstructure and other adjacent structures, in strict observance of the design separation distances. 
The inspector may conduct special tests for the dynamic characterisation of the isolation system in order to verify, in regard to seismic actions, that the building complies with its expected characteristics. 
7.11.
GEOTECHNICAL WORKS AND SYSTEMS 
These rules govern the engineering and verification of the geotechnical works and systems referred to in § 6.1.1 subject to seismic actions, as well as the requirements applicable to construction sites and soils interacting with the works in the presence of such actions. 
In addition to the requirements contained in this section, geotechnical works and systems must also satisfy those contained in Chapter 6 relating to non-seismic load combinations. 
7.11.1.
LIMIT STATE REQUIREMENTS 
Under the effect of the design seismic action defined in Chapter 3, geotechnical works and systems must comply with the ultimate and serviceability limit states defined in § 3.2.1, with the safety requirements indicated in § 7.1.
Ultimate limit state verifications for geotechnical works and systems refer solely to the life safety limit state (LLS) referred to in § 3.2.1, while those at the serviceability limit state refer solely to the damage limit state (DLS), also referred to in § 3.2.1.
Ultimate limit state verifications in the presence of seismic actions must be performed taking the partial coefficients on the actions and on the geotechnical parameters as 1 and using the design strengths, with the partial coefficients R indicated in this Chapter 7, or with the R indicated in Chapter 6 where not expressly specified.
7.11.2.
SEISMIC GEOTECHNICAL CHARACTERISATION 
Geotechnical surveys must be performed by the engineer based on an adequately defined geological profile that covers the main tectonic and lithological aspects, as well as any existing territorial instability. The surveys must include the assessment of any elements which, together with topographic effects, affect the propagation of seismic waves, such as stratigraphic conditions and the presence of a stiff substrate or similar formation. 
The physical/mechanical characterisation of soils and the selection of the most suitable survey resources and procedures must take into account the type of geotechnical system and the method of analysis adopted in the verifications. 
For works involving the use of advanced methods of analysis, it is also beneficial to perform cyclic and dynamic laboratory tests, where it is technically feasible to take undisturbed samples. In any case, the geotechnical characterisation of soils must at least allow for the classification of the ground according to the criteria set out in § 3.2.2. 
In the geotechnical characterisation, the dependence of stiffness and damping must be assessed from the perspective of deformation. 
The post-seismic stability analysis must take into account the reduction of shear strength caused by the reduction in strength characteristics due to soil degradation and any buildup of interstitial pressure that can occur in saturated soils. 
Saturated soils are generally assumed to have impeded drainage conditions. In such case, in analyses performed in terms of effective stresses, shear strength is expressed by the equation 
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Where σ’n is the initial effective normal stress at failure, ∆u is any interstitial overpressure generated by the earthquake and the parameters c’ and ϕ’ take into account soil degradation due to cyclic stress history. 
In fine-grained soils, analyses may be conducted in terms of total stresses expressing shear strength by means of the undrained strength assessed in cyclic stress conditions 
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where cu,c includes the effects of soil degradation. 
7.11.3.
SEISMIC RESPONSE AND STABILITY OF THE SITE 
7.11.3.1
Local seismic response 
The motion generated by an earthquake in a given site depends on the specific local conditions, i.e. the topographical and stratigraphic characteristics of the ground and the physical and mechanical properties of its constituent soil and rock mass. For individual geotechnical works or systems, the local seismic response analysis can help identify any changes to the input seismic signal due to the local factors mentioned above.
Local seismic response analyses require adequate knowledge of the geotechnical properties of the soils, to be determined through specific surveys and tests.
In local seismic response analyses, the input seismic action is described in terms of time history of acceleration (accelerogram) over a stiff outcropping reference site with a horizontal topographic surface (type A ground from § 3.2.2). For the selection of input accelerograms, refer to the indications given in § 3.2.3.6.
7.11.3.2
Stratigraphic amplification factors 
In stratigraphic and morphological conditions which can be schematised with a mono-dimensional model and for stratigraphic profiles falling within the categories shown in Table 3.2.II, the surface seismic motion of a site can be defined through the expected maximum surface acceleration (amax) and a spectral shape anchored to it. The value of amax can be taken from the equation amax = SS·ag where ag is the maximum acceleration over a stiff reference site and SS is the stratigraphic amplification coefficient.
7.11.3.3
Topographic amplification factors 
For topographic conditions falling within the categories in Table 3.2.III, topographic amplification can be assessed using the topographic amplification coefficient ST. The parameter ST must be applied in the case of prevalently two-dimensional geometric configurations, elongated crests or ridges, of a height that exceeds 30 m. Topographic effects can be disregarded for slopes with an average inclination of less than 15°, otherwise the criteria indicated in § 3.2.2 shall apply.
7.11.3.4
Stability against liquefaction 
7.11.3.4.1
General provisions 
The site where the structure is located must be stable against liquefaction, understood as phenomena associated with a loss of shear strength or an accumulation of plastic deformations in saturated, prevalently sandy soils, stressed by cyclic and dynamic actions acting in undrained conditions. 
If the soil is susceptible to liquefaction and the resulting effects appear to affect the stability of slopes or structures, soil consolidation measures must be taken and/or the load must be transferred to layers of soil not susceptible to liquefaction. 
In the absence of soil improvement measures, the use of deep foundations nonetheless requires an assessment of the reduction in load-bearing capacity and increased stresses placed on the piles. 
7.11.3.4.2
Exclusion of liquefaction evaluation 
The liquefaction evaluation may be omitted where at least one of the following circumstances occurs: 
1.
expected peak ground accelerations in the absence of structures (open field conditions) of less than 0.1 g; 
2.
average seasonal water table depth more than 15 m from the ground level, for the sub-horizontal ground level and structures with shallow foundations; 
3.
clean sand deposits with a normal penetrometer resistance (N1)60 > 30 or qc1N > 180 where (N1)60 is the resistance value determined through standard penetration testing at an effective vertical stress of 100 kPa and qc1N is the resistance value determined through cone penetration testing at an effective vertical stress of 100 kPa; 
4.
granulometric distribution outside the areas shown in Figure 7.11.1(a) for soils with uniformity coefficient Uc < 3.5 and in Figure 7.11.1(b) for soils with uniformity coefficient Uc> 3.5. 
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b)
Figure 7.11.1 – Granulometric aggregates of liquefiable soil 
	Limo
	Silt

	Sabbia
	Sand

	Ghiaia
	Gravel

	Passante, p (%)
	Pass-through, p (%)

	possibilità di liquefazione
	possibility of liquefaction

	Diametro, d (mm)
	Diameter, d (mm)


Where condition 1 is not met, geotechnical surveys must be conducted at least to determine the parameters required for verification of conditions 2, 3 and 4. 
7.11.3.4.3
Methods of analysis 
Where none of the conditions in § 7.11.3.4.2 is met and the foundation soil includes extended layers or thick lenses of loose sand below the water table, it is necessary to evaluate the factor of safety against liquefaction at depths where potentially liquefiable soils are present. 
Notwithstanding the use of advanced analysis procedures, the verification may be performed using historic/empirical methods in which the factor of safety is defined by the ratio between the available resistance to liquefaction and the design stress induced by the earthquake. Resistance to liquefaction can be assessed based on the results of tests in-situ or cyclic laboratory tests. The seismic stress is estimated by ascertaining the expected peak acceleration at the depths in question. 
The adequacy of the margin of safety against liquefaction must be assessed and justified by the engineer. 
7.11.3.5
Slope stability 
The construction of structures or infrastructures on slopes or in proximity of the foot or peak of natural slopes requires prior verification of stability conditions such that, before, during and after an earthquake, the strength of the system exceeds the actions (condition [6.2.1] in § 6.2.4.1), or the permanent displacements induced by the earthquake are of such a size that they do not compromise the conditions of safety or functionality of such structures or infrastructures. 
7.11.3.5.1
Seismic action 
The design seismic action to be assumed in the stability analyses, must be determined in accordance with the criteria set out in § 3.2.3. 
For slopes with an inclination of more than 15 ° and a height of more than 30 m, the design seismic action must be increased accordingly either through a topographic amplification coefficient (see § 3.2.2 and § 3.2.3) or based on the results of a specific two-dimensional local seismic response analysis, which shall also evaluate any effects of stratigraphic amplification. 
In general, amplification tends to decrease under the surface of the slope. Accordingly, topographic effects tend to reach their peak along the crests of ridges and reliefs, but drop significantly in landslides with deep sliding surfaces. In such situations, the effects of topographic amplification may be disregarded (ST =1) in pseudo-static analyses. 
7.11.3.5.2
Methods of analysis 
The analysis of the stability of slopes in seismic conditions may be carried out using pseudo-static, displacement and dynamic analysis methods. 
In the analyses, the behaviour of fragile types must be taken into account, which shows in over-consolidated fine-grained soil and in thickened coarse-grained soils with a reduction in shear strength as the deformation increases. Possible interstitial pressure increases under seismic conditions in saturated soils should also be taken into account. In pseudo-static methods, seismic action is represented by an equivalent static action, constant in space and time, proportional to the weight W of the volume of potentially unstable soil. This force depends on the characteristics of the expected seismic motion in the volume of potentially unstable soil and on the capacity of said volume to withstand displacements without a significant loss of strength. In ultimate limit state verifications, in the absence of specific studies, the horizontal and vertical components of said force can be expressed as Fh = kh∙W and Fv = kv∙W, where kh and kv are equal, respectively, to the horizontal and vertical seismic coefficients: 
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where 
βs
= site expected peak acceleration reduction factor; 
amax
= site expected peak horizontal acceleration; 
g
= acceleration of gravity. 
In the absence of specific studies on the local seismic response, the site expected peak acceleration may be assessed with the equation 

amax = S ∙ ag = ( SS ∙ ST ) ∙ ag
[7.11.5]
where 
S
= coefficient which includes the effect of stratigraphic amplification (SS) and topographic amplification (SS) referred to in § 3.2.3.2; 
ag
= expected peak horizontal acceleration at the stiff site of reference. 
The values of βsare indicated in Table 7.11.I in regard to variations in ground category and expected peak horizontal acceleration at the stiff site of reference. 
The limit state condition must be assessed with reference to the characteristic geotechnical parameter values and refer to the critical sliding surface, characterised by the lowest margin of safety. The adequacy of the margin of safety with regard to slope stability must be assessed and justified by the engineer. 
In saturated soils and in sites with an expected peak horizontal acceleration amax > 0.15 g, the static analysis of the post-earthquake conditions, must take into account a possible reduction in shear strength due to an increase in interstitial pressure or a reduction in strength caused by the seismic actions. 
In the stability analysis on dormant landslides, which may be reactivated by the action of the earthquake, reference should be made to the values of the parameters of resistance to large deformations. Any increase in interstitial pressure caused by the earthquake, to be considered irrespective of the nature of the soils, must be considered as uniformly distributed along the critical sliding surface. 
Table 7.11.I – Site expected peak acceleration reduction factors
	
	Subsoil category

	
	A
	B, C, D, E

	
	βs
	βs

	0.2 < ag (g) ≤ 0.4
	0.30
	0.28

	0.1 < ag (g) ≤ 0.2
	0.27
	0.24

	ag (g) ≤ 0.1
	0.20
	0.20


Analyses of the behaviour of slopes in seismic conditions may be performed using the displacement method, in which the mass of land susceptible to sliding is assimilated to a stiff body capable of moving with respect to the stable soil along a sliding surface. The method allows for the assessment of the permanent displacement induced by the earthquake in the mass of potentially unstable soil. 
Application of the method requires assessment of the critical acceleration, which must be assessed with the characteristic values of the resistance parameters, and of the design seismic action, which must be represented through time-histories of accelerations. The accelerograms used in the analyses, which may not exceed 7 in number, must be representative of the seismicity of the site and their selection must be properly justified (see § 3.2.3.6). The use of artificial accelerograms is not permitted. 
In the displacement method, slope stability conditions are assessed by comparing the displacement calculated for the critical point of collapse with the limit or threshold values of the displacement. The conditions of the slope and of any structures interacting with it may refer to the attainment of the life safety limit state (LLS) or serviceability limit state (SLS) depending on the displacement threshold value. The selection criteria for displacement limit values must be explained and justified by the engineer. 
The study of slope behaviour in seismic conditions may also be carried out using advanced dynamic analysis methods, provided that they take into account the multiphase nature of soils and their mechanical behaviour in cyclic conditions is realistically described. For these reasons, the use of advanced analyses implies adequately in-depth geotechnical surveys. For such analyses, the design seismic action must be represented through accelerograms selected according to the same criteria indicated for the displacement method.
7.11.4.
EXCAVATION FACES AND EMBANKMENTS 
The behaviour of excavation faces in seismic conditions can be analysed following the same methods used for natural slopes; specifically, pseudo-static, displacement and advanced dynamic analysis methods.
In pseudo-static methods, seismic action is represented by an equivalent static action, constant in space and time, proportional to the weight W of the volume of potentially unstable soil. The horizontal and vertical components of this force must be determined based on the properties of the expected motion in the volume of potentially unstable soil and on the capacity of said volume to withstand displacements without a significant loss of strength.
In the absence of specific studies, the horizontal and vertical components of the equivalent static force can be expressed as Fh = kh∙W and Fv = kv∙W, where kh and kv are equal, respectively, to the horizontal and vertical seismic coefficients set out in § 7.11.3.5.2 and adopting the following values for the site expected peak acceleration reduction factor:
βs = 0.38 in life safety limit state (LLS) verifications
βs = 0.47 in serviceability limit state (DLS) verifications.
In safety verifications, it must be verified that the system strength exceeds the actions (condition [6.2.1]) using the same approach referred to in § 6.8.2 for works involving loose materials and excavation faces, taking the partial coefficients on the actions and on the geotechnical parameters (§ 7.11.1) as one unit and using the design strengths with a partial coefficient of R = 1.2. The possible presence of structures interacting with the construction work must also be taken into account.
Alternatively, ultimate limit state (ULS) or serviceability limit state (SLS) verifications may be performed following the displacement method, ensuring that permanent displacements caused by the earthquake are of such a size that they do not compromise the safety or functionality of excavation faces or embankments or of any structures interacting with them. In the displacement method, critical acceleration must be assessed using the characteristic values of the resistance parameters. The work conditions may refer to the attainment of an ultimate or serviceability limit state, depending on the displacement threshold value. The assessment of safety conditions is performed by comparing the calculated displacement with the corresponding limit or threshold value. The selection criteria for displacement limit values must be explained and justified by the engineer.
7.11.5.
FOUNDATIONS 
7.11.5.1
General design rules 
Foundation design is carried out together with the design of the site to which the foundations pertain and requires, at the preliminary level: 
1.
assessment of the local seismic response of the site, according to the indications given in § 7.11.3.1; 
2.
assessment of the safety of the site with respect to liquefaction and of its overall stability, in accordance with the indications given in § 7.11.3.4. and § 7.11.3.5;
the analyses referred to in point (1) must allow for justification of the selection of the seismic action adopted in the general site design; the analysis referred to in point (2) must explicitly indicate any procedures required to guarantee the overall stability of the site.
For actions transmitted to foundations and for foundation modelling requirements and criteria, see § 7.2.5 and § 7.2.6 above. 
7.11.5.2
Geotechnical surveys and model 
The geotechnical model of the ground to be used in the verifications is to be determined through the interpretation of the results from surveys and tests identified by the engineer and performed with specific reference to the types of foundation system adopted for the design construction work, taking into account the indications given in § 7.11.2 above and in Chapter 3 of this regulation. 
7.11.5.3
Ultimate limit state (ULS) and serviceability limit state (SLS) verifications 
The ultimate limit states of shallow pile foundations refer to the development of collapse mechanisms determined by the mobilisation of soil strength and to the attainment of that of the structural elements which make up the foundation. Consideration must be given at least to the ultimate limit states referred to in § 6.4.2.1 and § 6.4.3.1. The verifications must take into account any existing interstitial pressure and any pressure induced by the seismic motion. 
Ultimate limit state verifications of shallow pile foundations are conducted following the methods indicated in Chapter 6 and the requirements set out in § 7.11.1.
7.11.5.3.1
Shallow foundations 
The capacity of the foundation-soil system must be verified with reference to the ultimate limit state (ULS) for attainment of the load limit and sliding resistance, in fulfilment of condition [6.2.1] and adopting the partial coefficients set out in Table 7.11.II. In all verifications, the procedure adopted for calculating resistance must be consistent with that adopted for calculating actions. More specifically, resistance may be assessed following pseudo-static approaches if the determination of actions derives from a pseudo-static or dynamic modal analysis. 
Ultimate Limit State (ULS) for load limit 
The actions derive from analysis of the structure in elevation as specified in § 7.2.5. Resistances are the corresponding limit values that cause the foundation-soil system to collapse; they can be assessed by extending conventional procedures to seismic action, taking into account the effect of the inclination and the eccentricity of the actions on the foundation. The corresponding design value is obtained by applying the coefficient R from Table 7.11.II. Where the load limit calculation specifically considers the effect of inertial actions on the significant volume of soil, the coefficient R may be reduced to 1.8.
Ultimate Limit State (ULS) for ground-level sliding 
Action means the value of the force acting parallel to the sliding plane; resistance means that resulting from the limit tangential stresses on the same plane, added, in particular cases, to that resulting from the limit stresses acting on the lateral surfaces of the foundation. Specifically, the resistance along lateral surfaces may be taken into account in cases of direct foundation-to-soil contact in trench excavations or direct foundation-to-concrete or foundation-to-steel contact in bulkhead- or piling-supported excavations. In such cases, the engineer must indicate the portion of resistance along lateral surfaces he intends to take into account, which must be justified with considerations concerning the mechanical characteristics of the soil and the site construction criteria. For the sliding verification, passive resistance may be considered only where such contribution is effectively permanent, consideration of which must not exceed 50 %.
Table 7.11.II - Partial coefficients R for limit state (LLS) verifications of shallow foundations with seismic actions
	Verification
	Partial coefficient R

	Load limit
	2.3

	Sliding
	1.1

	Resistance on lateral surfaces
	1.3


Damage Limit State (DLS)
Unless using specific dynamic analyses capable of providing the deformation response of the foundation-soil system, the damage limit state verification may be considered satisfied using the actions corresponding to the DLSand determining the design load limit with the coefficient (R shown in Table 7.11.II.
7.11.5.3.2
Pile foundations 
Ultimate limit states (ULS) 
Pile foundations must be verified for the ultimate limit states (ULS) under the action of the seismic motion of reference. 
Such verifications must take into consideration all relevant limit states and at least the following: 
−
attainment of the pile-soil system vertical load limit resistance; 
−
attainment of the pile-soil system horizontal load limit resistance; 
−
foundation soil liquefaction; 
−
excess displacements or rotations that may cause the structure in elevation to reach an ultimate limit state; 
−
failure of one of the structural elements of the piled structure (piles or connecting structure). 
Load limit verifications consist of comparing actions (axial force and transverse force on the pile) with the corresponding resistances in respect of condition [6.2.1] and the requirements referred to in § 7.11.1. 
In the presence of seismic motion, piles are subject to stresses due both to inertial forces transmitted by the superstructure (inertial interaction) and to the interaction between pile and soil due to shaking (kinematic interaction).
Where the kinematic interaction effects are considered important, justification must be given for the calculation assumptions made, along with the criteria for any overlapping of such effects with inertial effects. The assessment of effects due to kinematic interaction should be carried out for buildings in use classes III and IV, for type D grounds or worse, for values of ag > 0.25 g and in the presence of high contact stiffness contrasts between adjacent layers of soil.
The assessment of resistances of the pile-soil system subject to axial and transverse action must be conducted in accordance with the indications given in § 7.11.2 and § 7.11.5.2, paying particular attention to the geotechnical characterisation to account for any reductions in the resistance of soils as a result of the seismic action. 
Verifications conducted in terms of effective stress in saturated soils must take into account any interstitial pressure increases triggered by the seismic motion and, in particular, disregarding the contribution to the resistance of any layers of soil susceptible to liquefaction. 
For mixed foundations, as referred to in § 6.4.3, the interaction between the soil, the piles and the connecting structure must be studied using appropriate models in order to determine the portion of the design action transferred to the soil directly by the connecting structure and the portion transmitted to the piles. Where the interaction is considered insignificant or, in any case, the related analysis is omitted, LLS and DLS verifications must be conducted with reference to the group of piles only. Where such interaction is considered significant and the related analysis is performed, LLS and DLS verifications must satisfy the provisions of § 6.4.3.3 and § 6.4.3.4, with the design actions and resistances mentioned therein understood as being calculated in accordance with the conditions given in this Chapter 7.
Damage Limit State (DLS) 
Unless using specific dynamic analyses capable of providing the deformation response of the foundation-soil system, the damage limit state verification may be considered satisfied using the actions corresponding to the DLSand determining the design load limit with the coefficient (R shown in Table 6.4.II. 
7.11.6.
SUPPORT WORKS 
7.11.6.1
General requirements 
The safety of support works must be guaranteed before, during and after the design earthquake. 
Permanent displacements triggered by the system which do not significantly alter the resistance of the work and which are compatible with its function and with that of any structures or infrastructures interacting with it are acceptable. 
Geotechnical surveys must be of such a scope that they allow for the characterisation of soils interacting directly with the site and of those which determine the local seismic response. 
The seismic analysis of support works must take into account any factors that significantly influence their behaviour. 
In any case, the following aspects must be taken into account: 
−
inertial effects in the soil, support structures and any additional loads present; 
−
non-linear anelastic behaviour of the soil; 
−
effect of the distribution of interstitial pressures, if present, on the actions exchanged between the soil and the support work; 
−
drainage conditions; 
−
effect of work displacements on the mobilisation of limit equilibrium conditions. 
For particular works with ground-level embankments, such as maritime works, the effects - which differ according to permeability - triggered by the seismic action on the solid skeleton and on interstitial water must be taken into account. 
In the presence of free water against the outer wall of the construction, the hydrodynamic effect triggered by the earthquake must be taken into account, assessing the water pressure excursions (positive and negative) with respect to hydrostatic pressure. 
The use of pseudo-static methods, as specified in § 7.11.6.2.1 and § 7.11.6.3.1 below, is permitted. 
The ultimate limit states of support works refer to the development of plastic mechanisms determined by the mobilisation of soil strength and to the attainment of that of the structural elements which make up the construction works. Consideration must be given at least to the ultimate limit states referred to in § 6.5.3.1.1, § 6.5.3.1.2 and § 6.6.2. 
It must be verified that the site is not susceptible to liquefaction due to the design earthquake. The necessary measures must be taken to ensure said phenomenon does not occur.
7.11.6.2
Retaining walls 
Drainage systems behind the structure must be capable of tolerating temporary and permanent displacements triggered by the earthquake without compromising their functionality. 
7.11.6.2.1
Methods of analysis 
In the absence of specific dynamic analyses, the safety analysis for retaining walls in seismic conditions may be carried out through pseudo-static or displacement methods. 
If the structure can be displaced, the pseudo-static analysis is performed using limit equilibrium methods. The calculation must include the support work, the volume of backfill, assumed to be in an active limit equilibrium state, and any surcharges acting on that volume. 
In the pseudo-static analysis, the seismic action is represented by an equivalent static force equal to the product of the gravitational forces for a given seismic coefficient. 
In the verifications, horizontal kh and vertical kv seismic coefficient values can be assessed by means of the expressions 
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where 
βm
= site expected peak acceleration reduction factor; 
amax
= site expected peak horizontal acceleration; 
g
= acceleration of gravity. 
In the absence of specific studies on the local seismic response, the site expected peak acceleration can be assessed using the equation 

amax = S ∙ ag = ( SS ∙ ST ) ∙ ag
[7.11.8]
where 
S
= coefficient which includes the effect of stratigraphic amplification (SS) and topographic amplification (SS) referred to in § 3.2.3.2; 
ag
= expected peak horizontal acceleration at the stiff site of reference. 
In the last expression, the site expected peak acceleration reduction factor is: 
βm = 0.38 in life safety limit state (LLS) verifications
βm = 0.47 in serviceability limit state (DLS) verifications.
For walls not free to undergo relative displacements with respect to the ground, the coefficient βmassumes unitary value. The values of the coefficient βm may be increased according to specific performance characteristics of the wall, using for reference the diagram in Figure 7.11.3 as referred to in § 7.11.6.3.2 below.
For retaining walls free to move or rotate around the base, it can be assumed that the increase in pressure due to the earthquake acts on the same point as the static pressure. In other cases, in the absence of specific studies, it must be assumed that such increase is applied at half the height of the wall. 
The tipping limit state must be addressed adopting partial unit coefficients on the geotechnical actions and parameters (§ 7.11.1) and using values of mincreased by 50 % with respect to those initially indicated and in any case, not exceeding the unit.
7.11.6.2.2
Safety verifications 
For retaining walls located on inclinations or in the proximity of natural slopes, the conditions of slope stability in the presence of a new construction must be met, following the methods of analysis referred to in § 7.11.3.5. The stability verification for the wall-soil system as a whole must also be satisfied according to the criteria indicated in § 7.11.4, as must the verifications on foundation safety referred to in § 7.11.5. 
In safety verifications, it must be verified that the system strength exceeds the actions in respect of the condition [6.2.1], taking the partial coefficients on the actions and on the geotechnical parameters (§ 7.11.1) as one unit and using the design strengths with the partial coefficients R indicated in Table 7.11.III.
Table 7.11.III - Partial coefficients R for limit state (LLS) verifications of retaining walls.
	Verification
	Partial coefficient R 

	Load limit
	1.2

	Sliding
	1.0

	Tipping
	1.0

	Downstream soil resistance
	1.2


The actions to be considered in the foundation safety analysis are produced by the pressure applied by the embankment, permanent gravitational forces and inertial actions acting on the wall, the soil and any surcharges.
The sliding limit state verification can be performed using the displacement method (§ 7.11.3.5.2). Critical acceleration must be assessed using the characteristic values of the resistance parameters. Work conditions may refer to the attainment of an ultimate (LLS) or serviceability limit state (DLS), depending on the displacement threshold value. The assessment of safety conditions is performed by comparing the calculated displacement with the corresponding threshold value. The selection criteria for displacement limit values must be explained and justified by the engineer.
In addition to ultimate limit state LLS safety verifications, serviceability limit state DLS verifications must also be performed. More specifically, permanent displacements triggered by the system must be compatible with the functionality of the work and with that of any structures or infrastructures interacting with it.
7.11.6.3
Bulkheads
The analysis of bulkheads in seismic conditions may be performed according to specific dynamic analysis or pseudo-static methods.
7.11.6.3.1
Pseudo-static methods
In pseudo-static methods, the seismic action is defined using an equivalent acceleration, constant in space and time. 
The horizontal and vertical components ah AND av of the equivalent acceleration must be determined based on the properties of the expected seismic motion in the work-significant soil volume and on the capacity of the work to withstand displacements without a significant loss of strength. 
In the absence of specific studies, ah can be associated with the peak acceleration amax expected in the work-significant soil volume using the equation: 

ah = kh ∙ g = α ∙ β ∙ amax
[7.11.9]
where g is the acceleration of gravity, kh is the horizontal seismic coefficient, α ≤ 1 is a coefficient that takes into account the deformability of soils interacting with the work and β ≤ 1 is a coefficient based on the capacity of the work to withstand displacements without loss of strength. 
For bulkheads, it can be said that v = 0. 
Peak acceleration amax is assessed by means of a local seismic response analysis, or

amax = S ∙ ag = ( SS ∙ ST ) ∙ ag
[7.11.10]
where S is the coefficient that includes the effect of stratigraphic amplification (SS) and topographic amplification (SS), as referred to in § 3.2.3.2, and ag is the expected peak horizontal acceleration at the stiff site of reference. 
The value of coefficient α can be taken from the overall height H of the bulkhead and from the ground category according to the diagram in Figure 7.11.2. 
For category E ground, the curves of grounds C or D are used depending on the values assumed by the equivalent velocity Vs.
For the assessment of pressure in passive limit equilibrium conditions, it must be that α = 1.
The value of the β coefficient can be obtained from the diagram in Figure 7.11.3, based on the maximum permanent displacement us the work can withstand, checking the actual development of ductile mechanisms in the system. In the absence of such verification, the coefficient β is valued at 1. 
For us = 0 it is β = 1. In any case, it must be that:

us ≤ 0.005 ∙ H
[7.11.11]
If α·β ≤ 0.2, then it shall be assumed that kh = 0.2 amax /g. 
The inertial effects on the constituent masses of the bulkhead can be disregarded. 
For values of equal shear strength between soil and wall δ > ϕ′/2, the passive strength assessment must take into account the non-planarity of sliding surfaces.
7.11.6.3.2
Safety verifications 
For bulkheads erected on slopes or in proximity of natural slopes, the conditions of slope stability in the presence of a new construction must be met, following the methods of analysis referred to in § 7.11.3.5. The stability verification for the bulkhead-soil system as a whole must also be satisfied according to the criteria indicated in § 7.11.4. 
For bulkheads, the safety conditions with respect to possible ultimate limit states (LLS) must be satisfied, verifying compliance with condition [6.2.1] with the partial safety coefficients referred to in § 7.11.1. 
In verifications, actions derive from forces behind the bulkhead and resistances derive from forces downstream from the bulkhead and the reactions of bearing systems. 
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Figure 7.11.2 – Diagram for assessment of the deformability coefficient α
	sottosuolo di tipo A
	type A ground


[image: image578.emf]0.01 0.1 0.03 0.3 0.003

u

s

 (m)

0

0.2

0.4

0.6

0.8

1




Figure 7.11.3 – Diagram for assessment of the displacement coefficient β.
7.11.6.4
Bearing systems 
Compressed countering elements (struts) must be of such a size that geometric instability is produced by axial forces greater than those which cause their constituent material to attain compressive strength. Otherwise, it must be that β = 1. 
In the case of anchored structures, in positioning the anchor foundation, it must be considered that the potential sliding surface of the thrust wedges following an earthquake has a lesser horizontal inclination than in static cases. With the free length of the anchorage in static conditions known as Ls, the corresponding free length in seismic conditions Le can be obtained with the equation: 
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where amax is the site peak horizontal acceleration. 
Anchor elements must have a resistance and length such as to ensure the equilibrium of the work before, during and after the seismic event. 
It must also be ascertained that the soil is capable of providing the necessary resistance for the anchorage to function during the earthquake and that an adequate margin of safety against liquefaction is maintained. 
7.11.6.4.1
Safety verifications 
In tie rods with a free section manufactured in spring steel strands or bars, in accordance with the capacity design criterion, it must be verified that the design yield strength always exceeds the maximum design strength of the anchor foundation.
CHAPTER 8.
EXISTING BUILDINGS
 TC " CHAPTER 8 - EXISTING BUILDINGS" \f C \l "1" 
8.1.
PURPOSE
This chapter lays down general criteria for the assessment of safety and for the design, performance and testing of works on existing buildings.
An existing building is one that was completely built at the time of drafting of its safety assessment and/or project plans.
8.2.
GENERAL CRITERIA
The general provisions contained in the other chapters of this regulation are to be used for reference for existing buildings, where applicable, notwithstanding any indications herein concerning height limitations, general rules, requirements on geometry and construction specifications and without prejudice to the provisions set out below.
For works that do not include structural changes (plant design, spatial distribution, etc.), the engineer must assess their possible interaction with the ULS and SLS of the structure or part thereof.
The assessment of safety and the design of the construction works must take into account the following aspects of the building: 
· it reflects the state of knowledge at the time of its construction; 
· it may contain inherent, but not obvious, layout and construction defects; 
· it may have been subject to actions, including exceptional actions, the effects of which have not fully manifested; 
· its structures may have deteriorated and/or been changed significantly with respect to their original situation. 
In drafting structural models, it should be ascertained whether the following characteristics are known, in a level of detail dependent on the documentation available and on the quality and scope of any surveys conducted: 
· geometry and construction specifications; 
· mechanical properties of materials and soils;
· permanent loads.
The approach should envisage the use of methods of analysis and verification that are dependent on the completeness and reliability of the information available and the use of coefficients related to “factors of confidence” which, in safety verifications, modify the capacity parameters based on the level of knowledge (§ 8.5.4) of the characteristics listed above.
8.3.
SAFETY ASSESSMENT 
The assessment of the safety of an existing structure is a quantitative procedure performed to determine the scale of the actions which the structure is able to withstand with the minimum level of safety required under this regulation. The level of safety is increased operating on the overall structural design through works, which may be local. 
The safety assessment, which must be supported by a report, must determine whether:
–
the building may continue to be used without works;
–
its use must be changed (declassification, change of intended use and/or placement of limitations and/or precautions for use); 
–
the building’s structural safety needs to be increased through works.
The safety assessment must be performed in any one of the following situations: 
–
clear reduction in the resistance and/or deformation capacity of the structure or any of its parts due to: significant degradation and decline in the mechanical properties of the materials, significant deformations resulting from foundation problems; damage caused by environmental actions (earthquake, wind, snow, temperature), exceptional actions (impacts, fire, explosions) or operational situations and misuse;
–
proven serious design or construction errors; 
–
change in intended use of the building or part thereof, with a significant alteration of variable loads and/or passage to a higher use class; 
–
undeclared structural interventions, where these interact, even if only in part, with elements with a structural function and which reduce capacity or alter rigidity consistently;
–
whenever the structural works referred to in § 8.4 are performed;
–
works performed without a certificate of habitability or with one that is invalid, where necessary at the time of construction, or in violation of the technical building regulations in force at the time of construction.
Should the circumstances stated in the previous points concern only limited portions of the building, the safety assessment may be limited to the elements involved and to those which interact with them, bearing in mind their function in the structure as a whole, given that the changed local conditions do not substantially impact the overall behaviour of structure.
In the safety assessment, to be conducted whenever structural improvements or adaptations per § 8.4 are performed, the engineer must issue a specific report expressing, in terms of the relationship between capacity and demand, the levels of safety prior to the works and those achieved as a result thereof.
Where it is necessary to perform a building safety assessment, verification of the foundation system is required only where it may be in conditions that could potentially result in general instability or if one of the following conditions occurs: 
· there are significant instabilities in the building attributable to foundation settlements or instabilities of the same nature have occurred in the past;
· the building may be susceptible to tipping and/or sliding as a result of: unfavourable morphological conditions, changes made to the profile of the soil in proximity of the foundations, design seismic actions;
· the foundation soil is susceptible to liquefaction due to the design seismic actions.
To ascertain whether the aforesaid conditions exist, reference should be made to the available documentation. Specific surveys may only be omitted where, in the specific and reasoned opinion of the contracted professional, there is sufficient knowledge on the significant volume of soil and on the foundations such as to perform the previous assessments. 
The safety assessment and the planning of works on existing buildings may be carried out with reference to the ULS, notwithstanding that for buildings in use class IV, which are also subject to the SLS verifications referred to in § 7.3.6, reduced performance levels may be adopted. 
For the seismic combination, ULS verifications may be performed with respect to the condition of safeguarding of human life (LLS) or, alternatively, to the conditions of collapse (CLS), as provided in § 7.3.6.
In verifications with respect to seismic actions, the safety level of the building is quantified through the relationship E between the maximum seismic action that can be withstood by the structure and the maximum seismic action that would be used in the design of a new construction; the scale of the other concurrent actions present is the same assumed for new constructions, notwithstanding any findings on permanent vertical loads from surveys conducted (as referred to in § 8.5.5) and the adoption of any measures placing restrictions on use for the building and, consequently, on variable vertical loads.
The restriction on use can change between different portions of the building and, for the ith portion, it is quantified through the relationship V,i between the maximum value of the variable vertical surcharge that can be withstood by that part of the building and the variable vertical surcharge that will be used in the design of a new building.
Where the verifications relating to actions controlled by man, i.e. permanent loads and other service actions, are not satisfied, it is necessary to adopt measures placing restrictions on the use of the building and/or proceed with improvements or adaptations.
8.4.
CLASSIFICATION OF WORKS 
The following categories of works are identified herein:
· repairs or local works: works involving individual structural elements and which do not reduce the existing safety conditions;
· improvement works: works performed to increase existing structural safety without necessarily reaching the safety levels indicated in § 8.4.3; 
· adjustment works: works performed to increase existing structural safety, reaching the safety levels indicated in § 8.4.3. 
Only improvement and adjustment works are subject to static testing.
For improvement and adjustment works, the exclusion of foundation measures must be specifically justified by the engineer in all cases through a verification of suitability of the foundation system based on the criteria indicated in § 8.3. 
Where the works include the insertion of new elements that require specific foundations, such foundations must be verified following the general criteria referred to in Chapters 6 and 7 above, as required for new constructions.
For assets of cultural interest located in declared seismic risk areas, in accordance with Article 29(4) of Legislative Decree No 42 of 22 January 2004 “Code of Cultural and Landscape Heritage”, improvement works only may be conducted, performing the corresponding safety assessment.
8.4.1.
REPAIR OR LOCAL WORKS
These types of works concern individual parts and/or elements of the structure. They must not significantly change the overall behaviour of the building and are intended to achieve one or more of the following goals:
· restore damaged elements or parts to their initial characteristics prior to the damage;
· improve the resistance and/or ductility characteristics of elements or parts, including those not damaged;
· prevent local collapse mechanisms;
· change an element or a limited portion of the structure.
The design and safety assessment may refer solely to the parts and/or elements in question, documenting any structural deficiencies found and demonstrating that, with respect to the configuration prior to the damage, degradation or change, no substantial changes have been made to the behaviour of the other parts or of the structure as a whole and that the works do not cause a reduction of existing safety levels.
The report referred to in § 8.3 which, in these cases, may be limited solely to the parts affected by the works and to those interacting with them, must document any structural deficiencies found, resolved and/or unresolved and indicate any consequent limitations on the use of the building. 
In the case of local reinforcement works intended to improve the mechanical properties of structural elements or to limit the possibility of local collapse mechanisms, it is necessary to assess the increase in the local safety level.
8.4.2.
IMPROVEMENT WORKS
The safety assessment and works project shall cover all parts of the structure that could be affected by changes in behaviour, as well as to the entire structure as a whole.
For the seismic combination of actions, the value of E may be less than the unit value. Except in specific situations related to cultural assets, for class III buildings for school use and class IV buildings, the value of E following improvement works must, in any case, be no less than 0.6, whereas for all other class III buildings and for those in class II, the value of E always following improvement works, must be increased by at least 0.1. 
For works involving the use of isolation systems, for the isolation system verification, it must be true that at the least E =1.0.
8.4.3.
ADJUSTMENT WORKS
Building adjustment works are mandatory when the intention is to: 
a) raise the building;
b) extend the building through works structurally connected to it and such as to significantly alter its response;
c) make changes to the building's intended use which increase the overall vertical loads in the foundation by more than 10 %, calculated according to the characteristic combination referred to in equation 2.5.2 in § 2.5.3, including purely gravitational loads. The above is notwithstanding the obligation to perform a local verification of individual parts and/or elements of the structure, even where they affect only limited portions of the building;
d) perform structural works intended to transform the building through a systematic set of procedures which result in a structural system different from the previous; in the case of buildings, perform structural works that transform the structural system through the use of new vertical load-bearing elements holding at least 50 % of the total gravitational loads of the individual floors;
e) make use class changes affecting class III buildings for school use or class IV buildings.
In any case, the design shall refer to the whole building and shall include post-works verifications of the entire structure, in accordance with the provisions of this chapter.
In cases a), b) and d), for the structure verification, it must be that E ≥ 1.0. In cases c) and e), it can be assumed that E ≥ 0.80.
The above is notwithstanding the obligation to perform a local verification of individual parts and/or elements of the structure, even where they affect only limited portions of the building.
Any change in the height of the building due to the construction of crown string courses or to changes in the roof that do not increase the habitable surface area is not considered as extension in accordance with condition a). In such case, adjustment works are not necessary, unless one or more of the conditions referred to in the other previous points is not met.
8.5.
DEFINITION OF AN ANALYSIS REFERENCE MODEL
In existing buildings, specific situations can be entirely different, making it impossible to lay down specific rules for all cases. Consequently, the model for assessing safety must be defined and justified by the engineer on a case-by-case basis in relation to the expected structural behaviour, taking into account the general indications set out below. 
8.5.1.
HISTORICAL-CRITICAL ANALYSIS 
To ensure a proper identification of the structural system and its state of stress, it is important to reconstruct the construction process and any subsequent amendments to the building over time, as well as any events having affected it. 
8.5.2.
SURVEY 
The geometric/structural survey must refer to the overall geometry both of the building and of its construction elements, including connections to any adjoining structures. The survey must represent all changes made over time, as taken from the historical-critical analysis. 
The survey must identify the load-bearing body of the building, taking into consideration the quality and the state of conservation of the materials and constituent elements. 
Instability, either active or stabilised, must also be surveyed, placing particular focus on identifying any crack patterns and damage mechanisms. 
8.5.3.
MECHANICAL CHARACTERISATION OF MATERIALS 
A proper understanding of the characteristics of materials and their level of degradation can be achieved based on the available documentation, in-situ visual inspections and investigations. Investigations shall be justified, based on type and quantity, by their actual use in the verifications; for protected buildings pursuant to Law Decree No 42/2004, buildings of historical/artistic or historical/documentary value, or which are part of historical aggregates or of historical centres or settlements being restored, the impact on conservation shall be assessed. The design values of the mechanical strength of materials are assessed based on surveys and tests conducted on the structure, justifiably taking into account the scale of any dispersions, irrespective of the classes set out in the regulations for new buildings. For the tests referred to in Circular No 7617/STC of 8 September 2010, as amended or supplemented, the drawing of samples from the structure and all tests are to be performed in a laboratory pursuant to Article 59 of Presidential Decree No 380/2001.
8.5.4.
LEVELS OF KNOWLEDGE AND FACTORS OF CONFIDENCE
On the basis of the tests performed during the investigative phases referred to above, “knowledge levels” on the different parameters involved in the model are to be defined along with the related factors of confidence, to be used in the safety verifications. 
For the selection of analysis types and the values of factors of confidence, the following three levels of knowledge are identified, in order of increasing information:
-
LK1;
-
LK2;
-
LK3.
Levels of knowledge are defined based on the following aspects: structure geometry, construction details, material properties, connections between different elements and their presumable collapse modes.
Specific focus must be placed on fully identifying potential local and general collapse mechanisms, both ductile and fragile.
8.5.5.
ACTIONS 
The values of actions and their combinations to be taken into account in the calculations for the safety assessment and for the design of the construction works shall be as set out in this regulation for new buildings, except as detailed in this chapter. 
For permanent loads, an accurate geometric-structural and material survey may allow for the adoption of modified partial coefficients, assigning specifically justified values to γG. The design values for the other actions shall be those set out in this regulation. 
8.6.
MATERIALS 
Works on existing structures must be performed using the materials set out in this regulation; non-conventional materials may also be used, provided that compliance is ensured with legislation and documents of proven validity listed in Chapter 12. 
In the case of masonry buildings, local repairs or integrations may be carried out using material similar to that used in the original construction, provided that it is durable and has suitable mechanical properties.
8.7.
PROJECT ENGINEERING IN THE PRESENCE OF SEISMIC ACTIONS
In the engineering of works on existing buildings, especially those subject to seismic actions, particular attention must be placed on aspects concerning ductility. Accordingly, the necessary information must be gathered to assess whether the construction details, materials used and load-bearing mechanisms are able to withstand stress or deformation cycles, including in the anelastic field. 
8.7.1.
MASONRY CONSTRUCTIONS 
In existing masonry constructions, and particularly in buildings, both local and global mechanisms can occur. Local mechanisms involve single wall panels or wider portions of the construction and engage wall panels prevalently outside their midplane; they are favoured by the absence or poorness of joints between walls and horizontal elements and in wall intersections. Global mechanisms are those which involve the entire construction and engage the wall panels mainly on their midplane. 
The safety of the construction must be evaluated against both types of mechanisms. 
For the seismic analysis of local mechanisms, use may be made of analysis limit methods, bearing in mind, albeit in approximate form, the compressive strength of the masonry, wall weaving, the quality of connection between wall panels and between walls and horizontal elements, and the presence of chains and tie rods. With these methods, it is possible to evaluate seismic capacity in terms of both resistance (applying an appropriate behaviour factor) and displacement (determining the progress of the horizontal action which the structure is gradually able to support as the mechanism evolves). 
Global seismic analysis must consider, as much as possible, the actual structural system of the construction, with particular attention to the stiffness and strength of the decking, and to the efficacy of the joints in the structural elements. When masonry is irregular, the design shear strength of a wall panel, for actions in its midplane, may be calculated using alternative formulations compared to those adopted for new works, provided they are of proven validity. 
In the presence of buildings which are aggregate, contiguous, in contact or interconnected with adjacent buildings, the verification method generally used for newly constructed buildings may not be appropriate. In the analysis of a building making up part of an aggregate construction, possible interactions deriving from structural contiguity with adjacent buildings must be taken into account. For this purpose, the structural unit (SU) studied must be identified, highlighting the actions on it which may result from contiguous structural units. 
The SU must have continuity from sky to ground as regards the flow of vertical loads and, as a rule, is to be closed-off from open spaces, structural joints, or buildings that are structurally contiguous but which, at least typologically, are different. In addition to the regulatory provisions for buildings not part of an aggregate construction, in aggregate buildings the following effects are to be assessed: unopposed forces on walls shared with the adjacent SU caused by height-staggered floors, local mechanisms deriving from vertically and/or horizontally misaligned elevations, adjacent SUs of different heights. 
Global analysis of a single structural unit often assumes a conventional meaning and as such, may use simplified methodologies. The verification of an SU equipped with sufficiently stiff floors may be conducted, even for buildings with more than two floors, through non-linear static analysis with verification in terms of both forces and displacements, by separately analysing and verifying each inter-storey of the building and omitting the variation of axial force in core walls due to the effect of seismic action. With the exclusion of corner or head SUs, as well as parts of the building which are not attached or adjoining on any side to other structural units, the analysis may also be carried out omitting torsional effects, on the basis that the floors may only move in the direction of the seismic action considered. However, as regards to corner or head SUs, the use of simplified analyses is accepted, providing they take account of possible torsional effects and of the additional action transferred from the adjacent SUs applying appropriate increased coefficients of horizontal actions. 
Should the floors of the building not be sufficiently stiff, analysis of the single walls or of coplanar wall networks may be carried out, each wall being subject to its own vertical loads and to the corresponding actions of an earthquake in the direction parallel to the wall.
8.7.2.
REINFORCED CONCRETE OR STEEL CONSTRUCTIONS 
In existing reinforced concrete or steel constructions subject to seismic actions, the capacity of load-bearing elements and mechanisms is activated, which may be “ductile” or “fragile”. 
The global seismic analysis must use, where possible, methods of analysis that allow for both the available resistance and ductility to be assessed appropriately. The use of linear calculation methods requires that the engineer give a suitable definition of the behaviour factor in relation to the global and local mechanical characteristics of the structure in question. 
“Ductile” mechanisms are verified checking that the demand does not exceed the corresponding capacity in terms of deformation or resistance in relation to the method used; “fragile” mechanisms are verified checking that the demand does not exceed the corresponding capacity in terms of resistance. 
The capacity of ductile elements/mechanisms is calculated using the properties of existing materials, determined according to the procedures indicated in § 8.5.3, divided by the corresponding factors of confidence for the level of knowledge achieved. 
For calculating the capacity of fragile elements/mechanisms, material resistances are divided by the corresponding partial coefficients and by the corresponding factors of confidence for the level of knowledge achieved. 
For new or added materials, the calculation properties used for new constructions are used.
In the case of demolitions or works on reinforced concrete bodies which form part of building aggregates, the engineer is required to perform surveys and/or verifications to ascertain, preliminarily, the absence of interactions with adjacent bodies, in order to rule out the possibility of negative changes to their structural behaviour following the demolitions or works.
8.7.3.
MIXED CONSTRUCTIONS 
Certain types of existing constructions may be classified as mixed. Common situations include: 
–
constructions whose perimeter walls are made from load-bearing masonry and whose internal vertical structure comprises pillars (in e.g. reinforced concrete or steel); 
–
masonry constructions bearing upper storeys with a structural system made, for example, from reinforced concrete or steel, or reinforced concrete or steel buildings bearing masonry upper storeys; 
–
masonry constructions having undergone floor extensions, whose structural system (in e.g reinforced concrete or steel) is interconnected with the existing masonry system. 
For these situations, models must be produced that take into account the structural details identified and the interaction between structural elements that differ in terms of material and stiffness, using proven non-linear methods of analysis, where necessary.
8.7.4.
CRITERIA AND TYPES OF WORKS 
For all types of existing constructions, works are to be planned and carried out, where possible, in a regular and uniform manner. The performance of works on limited portions of a building is to be appropriately assessed and justified, considering the change in the distribution of stiffnesses and resistances and any consequent interaction with the other parts of the structure. Particular attention must be placed on the implementation phase of the works, given that poor execution can exacerbate the overall behaviour of the construction. 
The selection of the type, technique, scale and urgency of the work depends on the results of the prior assessment phase, giving priority to countering the development of local and/or fragile mechanisms and, therefore, to improving the overall behaviour of the construction. 
In general, the following aspects are to be assessed and resolved:
–
reparation of any existing damage;
–
reduction of deficiencies due to negligent errors;
–
improvement of the deformation capacity (“ductility”) of individual elements;
–
reduction of conditions, including those linked to the presence of non-structural elements, which generate particularly irregular building situations, from both a planimetric and altimetric perspective, in terms of mass, resistance and/or stiffness; 
–
reduction of masses, including through partial demolition or change of intended use; 
–
reduction in the use of original structural elements through the introduction of isolation or energy dissipation systems; 
–
reduction of excess deformability of floors, both in their own plane and orthogonal thereto;
–
improvement of connections of non-structural elements to the structure and between them; 
–
increase in the resistance of vertical load-bearing elements, taking into account any possible reduction in overall ductility as a result of local reinforcements;
–
creation, expansion and elimination of seismic joints or interpositioning of materials to mitigate any impacts;
–
improvement of the foundation system, where necessary. 
Works on non-structural parts and systems are necessary when, in addition to functional reasons, their seismic response may put the lives of the occupants at risk or cause damage to property contained in the building. For the design of works to ensure the integrity of such parts, the requirements given in § 7.2.3 and § 7.2.4 apply. 
For masonry structures, the following aspects are also to be assessed and addressed: 
–
improvement of connections between floors and walls, roof and walls, and masonry corner walls; 
–
reduction and elimination of unopposed pressures on roofs, arches and vaults; 
–
reinforcement of walls around apertures.
For reinforced concrete and steel structures, the types of works set out below or any combinations thereof, must also be taken into consideration, assessing their adoption in terms of necessity and effectiveness:
–
reinforcement of all or part of elements; 
–
addition of new load-bearing elements such as reinforced concrete walls, steel bracings, etc.; 
–
elimination of any “floor”-related mechanisms; 
–
introduction of an additional structural system capable of withstanding the entire design seismic action; 
–
any conversions of non-structural elements into structural elements, such as reinforced concrete wall cladding to brick.
Finally, for steel structures, the following aspects are to be assessed and resolved:
–
improvement of the stability of elements and of the structure; 
–
increase in the resistance and/or stiffness of connections; 
–
improvement of construction details in dissipative areas; 
–
introduction of controlled local weak points, intended to improve the collapse mechanism. 
8.7.5.
WORK PROJECT DRAWINGS 
For all types of construction, the plans for improvement or seismic adjustment works must include at least the following: 
a) analysis and verification of the structure before the works, identifying any deficiencies and the level of seismic action for which the ULS (and SLS, where required) is reached; 
b) the type of works selected, giving specific justification; 
c) the techniques and/or materials selected, giving specific justification; 
d) the preliminary size of reinforcements and any additional structural elements; 
e) structural analysis of the structure after the works; 
f) verification of the structure after the works, identifying the level of seismic action for which the ULS (and SLS, where required) is reached. 
The same procedure shall be followed for local works (repairs or reinforcements). In such case, the pre- and post-works structural analyses and verifications referred to in points a), e) and f) shall be replaced by similar verifications on the local individual element or mechanism on which the works are conducted, in order to determine any increases in strength and/or ductility brought about by the work.
CHAPTER 9.
STATIC TESTING
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9.1.
GENERAL PROVISIONS 
Static testing, understood as a procedure governed by the industry laws in force, is performed to give an assessment and judgement on the performance, as defined in these regulations, of the works and of the structural components included in the design and in any changes submitted to the competent supervisory authorities. If successful, the procedure concludes with the issue of a test certificate.
Except in particular cases, static testing is performed during construction.
Works may not be put into operation prior to static testing. 
Static testing on all civil engineering works regulated by these technical regulations must include the following points: 
a)
monitoring of the provisions set out for works conducted both with the materials governed by Presidential Decree No 380 of 6 June 2001 and Laws 1086/71 and 64/74, and with different materials; 
b)
inspection of the works during the various phases of construction of structural elements, where the inspector is appointed during construction, and of the site as a whole, with particular regard to the most important structural parts. 
The works inspection is to be conducted in the presence of the Project Manager and the Developer, cross-examining the plans brought to the site with the construction. 
The Inspector shall also ascertain whether the design requirements have been implemented and the relevant tests have been performed. Where the construction is subject to a quality guarantee procedure, the Inspector must be familiar with the content of the quality control documents and of the non-conformity register. 
c)
examination of material test certificates, broken down into: 
-
ascertainment of the number of samples taken and of their conformity with the requirements contained in Chapter 11 of these technical regulations;
-
verification that the test results obtained are compatible with the acceptance criteria set out in Chapter 11; 
d)
examination of certificates for tests conducted in the factory and during the production cycle, as set out in Chapter 11; 
e)
review of reports and results from any load tests performed by order of the Project Manager. 
The Inspector, as part of his responsibilities, shall also: 
f)
examine the work project, general approach, plans with respect to structural and geotechnical aspects, calculation models and the actions considered; 
g)
examine the studies conducted during the planning and construction phases as required in these regulations; 
h)
examine the report on completed structures of the Project Manager. 
Finally, at his own discretion, the Inspector may request: 
i)
the performance of any assessments, studies, surveys, tests and research as may be necessary to form an opinion as regards the safety, durability and stability of the works, such as:
-
load tests; 
-
tests on materials brought to the site, including through non-destructive methods; 
-
scheduled monitoring of significant behavioural values of the works, to be conducted, where appropriate, once testing is complete. 
9.2.
LOAD TESTS
Load tests, where deemed necessary by the Inspector, must determine whether the theoretical behaviour matches that observed in testing. The materials of elements subject to testing must attain the resistances envisaged for their final functioning in service.
The test schedule, drafted by the Inspector and indicating the load procedures and expected performances, must be submitted to the Project Manager for execution and relayed to the Engineer and to the Developer.
Load tests are to be conducted following the procedures indicated by the Inspector, over which he assumes full responsibility, while their physical implementation is the responsibility of the Project Manager.
Load tests are tests on the behaviour of the works under operating actions. They are generally conducted in such a way as to induce the maximum operating stresses for characteristic combinations (rare). Depending on the type of structure and the nature of the loads, the tests may be spread out over time, or repeated over multiple cycles.
The Inspector is responsible for making a judgement on the outcome of the test.
The outcome of the test is assessed based on the following points:
-
deformations increase roughly in proportion to loads;
-
no fractures, cracks, deformations or instabilities occurred during the test that may compromise the safety or state of conservation of the work;
-
the residual deformation after the first application of the maximum load does not exceed a proportion of the total deformation commensurate to the foreseeable initial anelastic settlements of the structure being tested. However, where such limit is surpassed, subsequent load tests must indicate that the structure has an elastic behaviour tendency.
-
the elastic deformation does not exceed that calculated.
Static tests, in the opinion of the Inspector and in relation to the importance of the work, may be supplemented by dynamic tests and failure tests on structural elements.
In the case of buildings with anti-seismic devices, for static testing, it is essential that devices be inspected in-situ with respect to the tolerances and installation procedures set out in the design, as well as to verify the complete separation between substructure and superstructure and between the superstructure and other adjacent structures, in strict observance of the design separation distances. 
The Inspector may also order specific dynamic tests to verify the dynamic behaviour of the construction.
9.2.1
PREFABRICATED STRUCTURES
For any prefabricated structures used in the works, notwithstanding the specifications given above, tests should be conducted to verify that the works meet the design requirements; it is also essential to test the installation of prefabricated elements and to verify the compliance of the design with the tolerances and reinforcement and joint provisions, as well as with the verification of bearing devices.
9.2.2
ROAD BRIDGES
Notwithstanding the specifications given above, it is particularly important to check that the deformations under the test loads in terms of sagging, rotation, etc. are comparable to those set out in the design and that any residual deformations after the first load cycle, determined as indicated above, do not exceed 15 % of the maximum deformations measured, or subsequent load cycles show that any residual deformations tend to be exhausted.
For multiple-span bridges, the load test must be performed on at least one fifth of the spans, following the procedures set out above.
For particularly large works, static tests are to be supplemented with dynamic tests for measuring the response of the bridge to dynamic excitation, verifying that the fundamental test period is comparable with that set out in the design.
9.2.3
RAILWAY BRIDGES
In addition to that set out in § 9.2 above, load tests are to be performed using loads which typically induce the design stresses due to vertical moving loads in the serviceability limit state, in consideration of the availability of ordinary and/or special railway vehicles. The residual deformations after the first load cycle, determined as indicated above, must not exceed 15 % of the maximum deformations measured, or subsequent load cycles must show that any residual deformations tend to be exhausted.
For multiple-span bridges, the load test must be performed on at least one fifth of the spans, following the procedures set out in the previous section.
For particularly large works, static tests are to be supplemented with dynamic tests for measuring the response of the bridge to dynamic excitation, verifying that the fundamental test period is comparable with that set out in the design.
CHAPTER 10.
PREPARATION OF STRUCTURAL BUILDING PLANS AND CALCULATIONS
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10.1.
General provisions
Structural building plans must be submitted with sufficient clarity and completeness in terms of their content and must give an exhaustive explanation of the work to be conducted.
This does not apply to operational building plans and procurement plans.
The project must include the following:
-
Statement of structural calculations, including a general description of the work and of the general analysis and verification criteria;
-
Statement of materials;
-
Drawings, construction specifications;
-
Maintenance plan for the structural part of the work;
-
Report on test results from specific surveys deemed necessary to the performance of the work.
Particular care must be taken in drafting statements of calculations, with reference to analyses conducted with the help of automatic calculation, both to facilitate interpretation and verification of the calculations and to allow for independent processes by persons other than the author of the document.
The engineer shall, in any case, be responsible for the entire structural design.
For analysis and verification using calculation codes, in addition to the specifications above, and in particular in addition to the general structural design, the indications given in § 10.2 should be followed. 
10.2.
ANALYSIS AND VERIFICATIONS USING CALCULATION CODES
Where the structural analysis and related verifications are conducted using automatic calculation codes, the engineer must verify the reliability of the codes used and of the results obtained.
The engineer must, therefore, examine the documentation provided with the software in advance to assess its reliability and particularly its suitability to the case in point. In this respect, such documentation, to be provided by the manufacturer or distributor of the software, must contain an exhaustive description of the theoretical bases and of the algorithms used, identification of the fields of use, as well as any test cases concluded and discussed, for which the necessary input files should be provided to reproduce the process.
10.2.1.
STATEMENT OF CALCULATIONS 
The engineer must ensure that the statement of calculations sets out the results in such a way as to ensure readability, accurate interpretation and reproducibility. More specifically, the statement of calculations must give the following indications:
Type of analysis performed
First and foremost, it is necessary to:
· specify the type of structural analysis performed (static or dynamic, linear or non-linear), giving reasons;
· indicate the method used to resolve the structural problem and the methodologies followed for the verification or design/verification of sections;
· clearly indicate the load combinations adopted and, for non-linear calculations, the load paths followed. In each case, justifications must be given for the combinations or load paths used, especially with regard to the comprehensiveness of the configurations studied for the structure in question.
Origin and characteristics of calculation codes
The origin and the characteristics of calculation codes used must be clearly specified, indicating the title, author, manufacturer and version, as well as the details of the user licence and any other form of authorisation for use.
Presentation of results
The quantity of information that typically accompanies the use of automatic calculation procedures requires particular attention to the presentation of results, which must be such that it gives a complete and detailed breakdown of the behaviour of the structure for the specific type of analysis performed. Specifically, the statement of calculations must include at least the following indications:
· description of the work and of the type of structure;
· regulatory framework of the work;
· established project parameters;
· description of the materials adopted and their mechanical characteristics;
· design and modelling criteria;
· combinations of actions;
· calculation code used;
· compliance with verifications for the limit states considered.
The outcome of each process must be summarised in plans and drawings containing, at least for the parts of the structure subject to the most stress, the deformed configurations, a graphic representation of the main stress characteristics or of the components of the stresses, envelope diagrams associated with the load combinations considered, and diagrams indicating the loads applied and the corresponding restraint reactions.
With respect to such values, together with diagrams and drawings, clear indication must be given of the conventions on signs, numeric values and units of measurement at significant points or sections in order to assess the overall behaviour of the structure, along with the numeric values necessary for safety measurement verifications.
Spreadsheets generally provided by automatic programmes, to which the statement of calculations must refer, must not form an integral part of the statement itself but should be annexed thereto.
General process information
Following the announcement of the results, general information shall also be given regarding the examination and monitoring of the results as well as an overall assessment of the process from a perspective of correct model behaviour.
Reasoned judgement of acceptability of results.
The engineer is responsible for examining process results with respect to their reliability. This assessment shall consist of a comparison with the results of simple calculations, which may be very approximate, performed with reference to diagrams or solutions known and adopted, for example, during the initial proportioning of the structure. Furthermore, on the basis of considerations regarding the stress and deformation states identified, he shall assess the consistency of selections made in the schematisation and modelling of the structure and actions.
The engineer’s report shall also list and give a brief explanation of the checks conducted, such as checks on equilibrium between restraint reactions and loads applied, comparisons between analysis results and those from simplified assessments, etc.
10.2.2.
INDEPENDENT CALCULATION ASSESSMENT
Where an independent assessment of structural calculations is required, or for particularly important works, the most significant calculations must be repeated by a person other than the original assessor using calculation programmes different to those used in the original assessment in order to ensure an effective cross-examination of the process results.
CHAPTER 11.
MATERIALS AND PRODUCTS FOR STRUCTURAL USE
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11.1.
GENERAL PROVISIONS 
Structural materials and products used in the construction works subject to these regulations are defined as those which facilitate a project in which they are permanently incorporated to satisfy, as a priority, basic requirement for construction works No 1 “Mechanical resistance and stability” pursuant to Annex I to Regulation (EU) No 305/2011.
Structural materials and products must satisfy the requirements set out below. 
Materials and products for structural use must be:
–
identified uniquely by the manufacturer, following the procedures set out below;
–
qualified under the manufacturer's responsibility, following the procedures set out below;
–
accepted by the Project Manager through the acquisition and verification of identification and qualification documentation, as well as through any applicable acceptance tests. 
Specifically, with respect to identification and qualification, the following cases may occur: 
A)
materials and products for which there is an available harmonised European standard, reference to which is published in the OJEU. At the end of the coexistence period, their use in construction works is only possible where accompanied by a “Declaration of Performance” and CE Marking, pursuant to Chapter II of Regulation (EU) 305/2011; 
B)
structural materials and products for which there is no available harmonised European standard or one expires during the coexistence period, but which are subject to qualification following the procedures indicated in these regulations. The foregoing notwithstanding the manufacturer's voluntary application for CE Marking during the coexistence period for the specific harmonised standard; 
C)
structural materials and products that do not fall under types A) or B). In such cases, the manufacturer must attain CE marking on the basis of the pertinent “European Technical Assessment” (ETA), or must obtain a “Technical Assessment Certificate” issued by the Chair of the High Council of Public Works, following a preliminary investigation by the Central Technical Service, including on the basis of Guidelines approved by the High Council of Public Works, where available; Guidelines on the specific procedures for issue of the “Technical Assessment Certificate” are approved by decree of the Chair of the High Council of Public Works, with the favourable opinion of its relevant Section.
In case C), where the manufacturer envisages the use of structural products that also have fire compartmentation features, as well as declaring their performance with respect to basic fire resistance, the Guidelines are drawn up by the Central Technical Service in agreement, for the assessment of that specific aspect, with the Ministry of Interior, Departments of Firefighters, Public Aid and Civil Defence.
The Central Technical Service of the High Council of Public Works periodically publishes a list of Guidelines for the issue of Technical Assessment Certificates for specific products.
With the exception of those bearing CE Marking, materials and products which conform to other technical specifications may be used where such specifications guarantee a level of safety equivalent to that provided in these regulations. Such equivalence shall be ascertained through specific procedures established by the Central Technical Service of the High Council of Public Works, in consultation with the High Council itself.
To demonstrate the identification, qualification and traceability of structural materials and products, the manufacturer or any other economic operator (importer, distributor or authorised representative, as defined in Article 2 of Regulation (EU) No 305/2011), in accordance with the provisions and competences referred to in Chapter III of Regulation (EU) No 305/2011, shall be required to provide a copy of the aforesaid identification and qualification documents (cases A, B or C), details of which must also be included in transport documents for transportation from the manufacturer to the site, including any phases of intermediate sales, in reference to the specific supply in question.
In drafting the “Declaration of Performance” and the qualification documentation, the manufacturer assumes responsibility for the conformity of the construction product with the declared level of performance. Moreover, the manufacturer assumes responsibility for the conformity of the construction product with the “Declaration of Performance” or qualification documentation and all applicable requirements. 
For each material or product identified and qualified by CE Marking, the Project Manager shall be required, during the acceptance phase, to ascertain possession of said marking and to request a copy of the CE Marking documentation and of the Declaration of Performance referred to in Chapter II of Regulation (EU) No 305/2011, as well as – where it is deemed necessary for the purpose of the above verification – a copy of the certificate of constancy of performance of the product or of conformity of the factory production control, as referred to in Chapter IV of and Annex V to Regulation (EU) No 305/2011, issued by a suitable notified body in accordance with Chapter VII of the same Regulation (EU) No 305/2011.
For products not qualified by CE Marking, the Project Manager must ascertain the possession and validity of the qualification documentation (case B) or of the Technical Assessment Certificate (case C). Manufacturers may use as Technical Assessment Certificates, certificates of technical suitability for use, already issued by the Central Technical Service prior to the entry into force of these technical regulations, until such certificates expire.
The Project Manager shall also be required, as part of the acceptance of materials prior to their installation, to verify that such products correspond to the indications given in the identification and qualification documentation, as well as to ascertain the product's suitability for its specific use by verifying the product's declared performance levels based on the requirements established in the applicable technical regulations for specific use and in the design documents, with particular reference to the Statement of materials referred to in § 10.1. 
Non-conformity with the above-mentioned requirements shall result in the prohibition of use of the material or product.
On completion of the works involving the structural elements, the Project Manager shall draw up, in the Completed structure report referred to in Article 65 of Presidential Decree No 380/01, a specific section on the checks and acceptance tests performed on the structural materials and products, giving documentary evidence regarding the identification and qualification of the materials and products, the acceptance tests and any additional assessments on their performance. 
The Central Technical Service of the High Council of Public Works may undertake surveillance at the construction sites and locations to verify the correct application of these provisions, in accordance with Chapter V of Law Decree No 106/2017 or Chapter VIII of Regulation (EU) No 305/2011. 
Material and product tests, depending on the specific procedures applicable, as specified at various points below, are generally to be carried out by: 
a)
test laboratories notified in accordance with Chapter VII of Regulation (EU) No 305/2011; 
b)
laboratories referred to in Article 59 of Presidential Decree No 380/2001; 
c)
other laboratories with sufficient competence and suitable equipment, with the approval of the Central Technical Service; 
Where harmonised European technical specifications are applied, for CE marking purposes, product certification or factory production control and testing activities are to be carried out by the entities referred to in the pertinent system for the assessment and verification of constancy of performance, as referred to in Chapter IV of and Annex V to Regulation (EU) No 305/2011 applicable to the product. 
The manufacturers of materials, products or components governed in this regulation must adopt suitable factory production control procedures. Factory production control means the ongoing control of production by the manufacturer. All procedures and provisions adopted by the manufacturer must be systematically documented and be made available to any authorised control individual or entity. 
Where the manufacturer is not established within the territory of the European Union, it must appoint an authorised representative established within the Union who is authorised to act on its behalf in relation to the tasks indicated in the mandate, in compliance with Article 12 of Regulation (EU) No 305/2011.
References to the harmonised technical specifications, as referred to in Regulation (EU) No 305/2011, contained in this regulation must be understood as referring to the latest updated version, unless otherwise specified. References to UNI, EN and ISO voluntary technical specifications contained in this regulation must be understood as referring to the date of publication, where indicated, or, where it is not indicated, to the latest updated version. The lists of UNI, EN and ISO voluntary technical specifications referred to in this regulation shall be updated periodically in subsequent provisions.
11.2.
CONCRETE 
The regulations contained in this section apply to structural reinforced and non-reinforced concrete, both normal and pre-compressed, as referred to in § 4.1. 
11.2.1.
SPECIFICATIONS FOR CONCRETE 
The provision of concrete in the design must give details of at least the resistance class, the consistency of casting class and the maximum aggregate diameter, as well as the environmental exposure class, as referred to in standard UNI EN 206:2016. When using pre-or post-tensioned reinforcements permanently incorporated into castings, the chloride content class must also be indicated. The resistance class is identified by the characteristic values of cubic (Rck) and cylindrical (fck) resistances under uniaxial compression, measured on cubes with a 150 mm edge and on cylinders 150 mm in diameter and 300 mm in height. 
Indications must also be given in regard to curing processes and in-situ laying procedures, making reference to standard UNI EN 13670 and to the Guidelines for the installation of structural concrete and the Guidelines and for the assessment of the mechanical characteristics of in-situ concrete drawn up and published by the Central Technical Service of the High Council of Public Works. 
Characteristic compressive strength is defined as the strength of concrete below which not more than 5 % of test results are expected to fall. In these regulations, characteristic strength means that, taken from tests on samples as described above, cast and weathered as specified in § 11.2.4, after 28 days of curing. Other curing times may be indicated to refer to the strength measurements and the corresponding characteristic value. Account must also be taken of the effects produced by any accelerated curing processes.
The conglomerate for the casting of structures for a construction work or part thereof, is considered homogeneous for control purposes (according to performance) if it possesses the same performance characteristics (resistance class and exposure class).
11.2.2.
CONCRETE QUALITY CONTROLS 
Concrete must be produced following a quality control system to ensure satisfaction of the design requirements. 
Control consists of the following phases: 
Preliminary assessment 
This serves to determine, prior to the start of the construction works, the mixture for producing the concrete in accordance with the design requirements. 
Production control 
This is the control performed on the concrete during its production following an industrialised process. 
Acceptance test 
This is a test performed on the concrete to be used in the construction works, drawing a sample at the time of casting of the structural elements. 
Additional tests 
These are tests performed, where necessary, in addition to the acceptance tests. 
Acceptance tests and any additional tests, including coring as referred to in point 11.2.6, must be performed and certified by the laboratories referred to in Article 59 of Presidential Decree No 380/2001. 
The manufacturer shall, in any case, remain responsible for the quality of the concrete used in the construction works, which shall be controlled by the Project Manager, in accordance with the procedures referred to in § 11.2.5.
11.2.3.
PRELIMINARY ASSESSMENT 
The manufacturer, prior to the construction of the works, must perform suitable preliminary tests and gather suitable documentation relating to the components for each homogeneous mixture of concrete to be used in order to achieve the required design performance levels. 
For supplies deriving from industrial manufacturing plants with a certificate of factory production control as provided in § 11.2.8, such documentation is that related to the identification, qualification and control of the products to be supplied.
The Project Manager shall be required to obtain, prior to the commencement of the works, documentation related to the preliminary performance assessment and to accept the types of concrete to be supplied, with the power to conduct additional preliminary tests. The Project Manager shall, in any case, be required to perform systematic in-situ tests to verify that the characteristics of the concrete supplied match those indicated in the design. 
11.2.4.
DRAWING AND TESTING OF SAMPLES 
Sampling consists of drawing from the mixtures, at the time of placement on site and in the presence of the Project Manager or a person under his trust, the concrete necessary to produce a set of two specimens. 
The average compressive strength from the two specimens of a sample represents the “sample strength” based on which the concrete tests are performed. The sample shall not be accepted if the difference between the strengths of the two specimens exceeds 20 % of the lower value; in such case, the procedures set out in § 11.2.5.3 shall apply.
The project manager shall be required to order additional samples above the minimum, as referred to in the following sections, whenever changes in the quality and/or origin of the constituents of the mixture imply a variation in the quality of the concrete such that it can no longer be considered homogeneous. 
The preparation, form, size and weathering of concrete specimens shall be subject to the indications given in standards UNI EN 12390-1:2012 and UNI EN 12390-2:2009. 
As regards the procedure for determining the compressive strength of concrete specimens, the indications given in standards UNI EN 12390-3:2009 and UNI EN 12390-4:2002 shall apply. 
As regards the procedure for determining density, the indications given in standard UNI EN 12390-7:2009 shall apply. 
11.2.5.
ACCEPTANCE TEST 
The acceptance test is performed by the Project Manager on each homogeneous mixture and is configured, depending on the quantity of concrete to be accepted, as: 
– type A test pursuant to § 11.2.5.1;
– type B test pursuant to § 11.2.5.2. 
The acceptance test is passed and the quantity of concrete accepted where the differences indicated in Table 11.2.I below are verified:
Table 11.2.I 
	Type A test 
	Type B test 

	Rc,min ≥ Rck - 3.5 

	Rcm28 ≥ Rck + 3.5 
	Rcm28 ≥ Rck + 1.48 s 

	(No. samples: 3) 
	(No. samples ≥ 15) 


Where: Rcm28 = average sample strength (N/mm²);
Rc,min = minimum sample strength value (N/mm²);
s = standard deviation
11.2.5.1
Type A test 
Each type A test is performed on a quantity of homogeneous mixture not exceeding 300 m3 and consists of three samples, each taken from a homogeneous mixture casting not exceeding 100 m3 . An acceptance test is therefore performed for at least every 300 m3 of casting. For each day of casting, at least one sample is taken. 
Constructions with homogeneous mixture castings of less than 100 m3 may be exempt from the daily sampling requirement, without prejudice to the three sample requirement and compliance with the limitations set out above. 
11.2.5.2
Type B test 
Structural works requiring the use of homogeneous mixtures in excess of 1 500 m3 are subject to statistical acceptance testing (type B). 
This test is performed on a homogeneous mixture at a frequency of at least one test for every 1 500 m3 of concrete. 
Each type B acceptance test comprises at least 15 samples, each of which is taken from a homogeneous mixture casting of 100 m3. For each day of casting, at least one sample is taken.
If the statistical tests are accurate, the results can be interpreted using complete statistical analysis methods assuming the most correct distribution law and its average value, together with the coefficient of variation (ratio of standard deviation to the average value). Concretes with a coefficient of variation of more than 0.3 are not acceptable. For concretes with a coefficient of variation (s/Rm) greater than 0.15, more accurate tests are required, in addition to the supplementary tests referred to in § 11.2.7. 
Finally, the design characteristic strength Rckmust be less than the test value corresponding to the lower fractile 5 % of the sample strengths and the minimum sample strength c,min must be greater than the value corresponding to the lower fractile 1 %. 
11.2.5.3
Common requirements for both test criteria 
The sampling of specimens for the acceptance test is done in the presence of the Project Manager or an authorised technician who shall draw up a sampling report and identify the specimens by applying initials, durable labels, etc.; the certification by the material test laboratory must contain a reference to said report. 
The laboratory entrusted to perform the concrete tests shall accept samples accompanied by a written letter of request from the Project Manager. The laboratory checks the condition of the specimens and reference documentation and, for any defects found in relation to the samples or where all or part of the instrumentation required for their identification is missing, the laboratory must suspend the tests and inform the Central Technical Service of the High Council of Public Works.
The sample may be taken by the same laboratory entrusted to perform the tests. Laboratories must store all tested samples for at least 30 days after the test certificates are issued for identification and tracking purposes. 
Requests for testing submitted to the laboratory must be signed by the Project Manager and contain specific indications on the location of the structures affected by each sample. 
Tests not requested by the Project Manager may not form part of the statistical set used to determine the characteristic strength of the material. 
Compression tests are to be performed in accordance with standards UNI EN 12390-3:2009, between 28 and 30 days of curing and in any case within 45 days from the sampling date. In the event of non-compliance with such terms, compression tests are to be supplemented by in-situ concrete strength tests.
Test certificates issued by laboratories must contain at least the following: 
–
identification of the issuing laboratory;
–
unique identification of the certificate (serial number and issue date) and of each page thereof, as well as the total number of pages; 
–
identification of the Client of the construction works in progress and of the site in question; 
–
name of the Project Manager requesting the test; 
–
description, identification and sampling date of the specimens to be tested; 
–
date of receipt of the samples and date of performance of the tests; 
–
identification of the test specifications or description of the method or procedure adopted, indicating the reference standards used; 
–
measured dimensions of the tested samples, after any corrections; 
–
sample failure modes; 
–
sample density; 
–
measured performance levels. 
For standard prefabricated elements made through an industrialised process, the specific indications given in § 11.8.3.1 apply. 
Construction works or any part thereof made with concrete having failed the acceptance tests may not be accepted until the non-conformity has been definitively resolved. The developer must perform a verification of the characteristics of the concrete used in the works through the use of other test methods, based on the Project Manager’s instructions and in accordance with the indications given in § 11.2.6 below. Where the aforesaid tests confirm the non-conformity of the concrete, a theoretical and/or experimental control of the safety of the structure affected by the non-compliant quantity of concrete must be performed, in consultation with the engineer, on the basis of the reduced strength of the concrete. 
Where the aforesaid verification of concrete characteristics cannot be performed, or the results of the theoretical and/or experimental control are not satisfactory, the options are: preserve the construction work or part thereof for a use compatible with the reduced performance characteristics ascertained, perform consolidation works, or demolish the construction works or part thereof. 
Acceptance tests are mandatory and the inspector is required to verify their qualitative and quantitative validity; where this is not performed, the inspector shall be required to perform tests certifying the characteristics of the concrete, following the same procedure applied when the acceptance tests do not observe the set limits. 
11.2.6.
IN-SITU CONCRETE STRENGTH TESTS 
The strength of concrete within a structure depends on the strength of the concrete laid, on its casting and compaction, on the environmental conditions during casting and on its curing. 
Where:
a)
the compressive strengths of the specimens taken during casting do not meet the characteristic strength acceptance criteria specified in the design, or
b)
there are doubts regarding the forms of preparation, storage, curing and testing of the concrete specimens, or
c)
there are doubts regarding the forms of in-situ casting, compaction and curing of the concrete, or
d)
pre-cast in-situ concrete requires a posteriori assessment, 
an assessment of strength characteristics may be performed through a series of destructive and non-destructive tests. 
Such tests must not replace acceptance tests, but they may help the Project Manager or inspector to form an opinion on the in-situ concrete.
Characteristic in-situ concrete strength (defined as in-situ characteristic strength, Rckis or fckis) is generally less than the characteristic strength assumed during the design phase Rck or fck. For aspects related to structural safety and without prejudice to any durability defects, an in-situ characteristic strength of at least 85 % of the characteristic strength taken during the design phase is acceptable. For methods of determining in-situ compressive strength, measured using appropriate techniques (destructive and non-destructive), reference may be made to standards UNI EN 12504-1, UNI EN 12504-2, UNI EN 12504-3, UNI EN 12504-4. In-situ characteristic strength is calculated according to the indications given in standard UNI EN 13791:2008, §§ 7.3.2 and 7.3.3, considering approach B if the number of cores is less than 15 or approach A, if the number of cores is not less than 15, in accordance with the Guidelines for the installation of structural concrete and for the assessment of the mechanical characteristics of concrete drawn up and published by the Central Technical Service of the High Council of Public Works. 
11.2.7.
ADDITIONAL TESTS 
These are any tests carried out to estimate the strength of concrete in particular phases of construction (pre-compression, in-situ casting) or in particular conditions of use (exceptional temperatures, etc.). 
The test procedure is the same as that applicable to acceptance tests. 
Such tests must not replace acceptance tests referring to specimens cast and cured in accordance with the provisions of point 11.2.4. 
The results from such tests may help the Project Manager or inspector to form an opinion on the in-situ concrete. 
11.2.8.
REQUIREMENTS FOR INDUSTRIALLY CAST CONCRETE 
Industrially cast concrete means concrete produced using plants, structures and techniques organised both on-site and in a factory off-site. 
Plants used for the industrial preparation of concrete governed by these regulations must be suitable for continuous production, have adequate preparation devices, as well as expert personnel and equipment suitable for testing, assessing and maintaining the quality of the product. 
Plants must be equipped with a permanent internal production control system to ensure that product satisfies the requirements set out in these regulations and that such satisfaction is constantly maintained until the time of use. 
The production control system for concrete industrially cast in a supplier's systems, configured in accordance with standard UNI EN ISO 9001, must be based on the specific indications contained in the Guidelines for the production, transport and control of pre-cast concrete drawn up by the Central Technical Service of the High Council of Public Works. 
This control system must be certified by independent third parties operating in accordance with standard UNI CEI EN ISO/IEC 17021-1, authorised by the Central Technical Service of the High Council of Public Works on the basis of specific criteria issued by the High Council of Public Works.
The documents accompanying each supply of industrially cast concrete must indicate the details of such certification. 
Where the industrialised production plant belongs to the manufacturer as part of a specific site, the above-mentioned certification is not required if the manufacturer’s quality management system – configured in accordance with standard UNI EN ISO 9001 and certified by an accredited body – requires the existence and application of a plant production control system, in accordance with the specific indications contained in the Guidelines for the production, transport and control of pre-cast concrete drawn up by the Central Technical Service of the High Council of Public Works. 
The Project Manager, who is required to verify that indicated above and to refuse any supplies deriving from non-compliant plants, must in any case, perform the acceptance tests provided in § 11.2.5 and receive a copy of the production process control certificate before the commencement of the supply. 
For productions of homogeneous concrete mixtures of up to 1 500 m3 , done directly on site through temporary non-industrialised production processes, such concrete must be cast under the direct responsibility of the manufacturer. Before product can start, the Project Manager must obtain documentation on the criteria and tests having led to the determination of the performance levels of each homogeneous conglomerate mixture, as indicated in § 11.2.3. 
11.2.9.
CONCRETE COMPONENTS 
11.2.9.1
Binders 
The construction works to which these regulations refer, must solely use the hydraulic binders indicated in the applicable provisions in force, bearing CE marking in accordance with harmonised European standard UNI EN 197-1 or with a specific ETA, provided that they are suitable for the intended use and, insofar as they are not in conflict, in accordance with the requirements set out in Law No 595 of 26 May 1965. 
The use of aluminous cement is not permitted. 
Use of the cements referred to in Article 1(C) of Law No 595 of 26 May 1965 is restricted to concrete for retention basins. 
For the construction of dams and similar large-scale construction works which require a low hydration heat, special cements with a very low hydration heat must be used, bearing CE marking in accordance with harmonised European standard UNI EN 14216. 
Hydraulic binders, where placed on the market by a distributor through a distribution centre, must be subject to the aforesaid CE marking at the source. The distribution centre, as defined in standard UNI EN 197-2, must hold authorisation to use such marking issued to the distributor by a notified certification body in accordance with the procedures set out in standard UNI EN 197-2, demonstrating that the conformity of the CE-marked product has been maintained during all phases of transport, receipt, deposit, packaging and shipping, along with its quality and identity.
Where the concrete is exposed to chemically aggressive environmental conditions, cements with an adequate resistance to the specific aggressive actions in question must be used. In high-sulfate environments, sulfate-resistant cements must be used that are compliant with harmonised European standard UNI EN 197-1 and standard UNI 9156:1997, or, in washout conditions, washout-resistant cement compliant with standard UNI 9606:2015.
11.2.9.2
Aggregates 
Aggregates obtained from the processing of natural or artificial materials or materials obtained from recycling processes compliant with harmonised European standards UNI EN 12620 and, for light aggregates, harmonised European standard UNI EN 13055, are suitable for the production of structural concrete. 
The system of assessment and verification of constancy of performance of such aggregates, pursuant to Regulation (EU) No 305/2011, is indicated below in Table. 11.2.II. 
Table 11.2.II 
	Applicable harmonised European Technical Specification
	Intended use
	System of Assessment and Verification of Constancy of Performance 

	Aggregates for concrete UNI EN 12620 and UNI EN 13055-1
	Structural concrete
	2 +


The use of coarse recycled aggregates is permitted in respect of the limits referred to in Table 11.2.III, provided that the concrete mixture, cast with recycled aggregates, is previously qualified and documented and is accepted on site following the procedures set out in these regulations. 
Table 11.2.III
	Origin of recycled material 
	Class of concrete 
	use percentage

	demolitions of buildings (wreckage) 
	= C 8/10
	up to 100 %

	demolitions of reinforced concrete only (≥ 90 % concrete fragments, UNI EN 933-11:2009)
	≤ C20/25
	up to 60%

	
	≤ C30/37
	≤ 30%

	
	≤ C45/55
	≤ 20%

	Reuse of internal concrete in qualified prefabrication plants – of any class 
	Minor class of source concrete
	up to 15%

	
	Same class of source concrete
	up to 10%


With respect to aggregate acceptance tests to be performed by the Project Manager, these are intended to at least verify the technical characteristics set out in Table 11.2.IV. The test methods to be used are those indicated in the harmonised European standards referred to in relation to each characteristic.
Table 11.2.IV – Acceptance tests for structural concrete aggregates 
	Technical specifications 

	Petrographic description 

	Aggregate size (particle size analysis and fines content) 

	Flattening index

	Sulfate and sulfur content

	Filler size 

	Resistance to fragmentation/crushing (for concrete Rck ≥ C50/60 and recycled aggregate)


The design, in its relevant provisions, may refer to standards UNI 8520-1 and UNI 8520-2 to identify the acceptability limits for the technical characteristics of aggregates. 
11.2.9.3
Admixtures 
The use of additions in concrete, and particularly fly ash, granulated blast furnace slag and silica fume, is permitted provided that they do not negatively affect its performance characteristics. 
Fly ash must meet the requirements pursuant to harmonised European standards UNI EN 450-1. Regarding their use, reference should be made to the criteria set out in standards UNI EN 206 and UNI 11104.
Silica fume must meet the requirements pursuant to harmonised European standards UNI EN 13263-1. 
11.2.9.4
Additives 
Additives must comply with harmonised European standards UNI EN 934-2. 
11.2.9.5
Mixing water 
Mixing water, including recycled water, must comply with standard UNI EN 1008: 2003. 
11.2.9.6
Prepared concrete component mixtures 
In the absence of a specific harmonised European standards, manufacturers of prepared concrete component mixtures, to which mixing water is to be added on site, must document for each component used its compliance to the related European standards. 
11.2.10.
CONCRETE CHARACTERISTICS 
The characteristics of concrete can be taken during the design phase from the formulations indicated in the following points. For any aspects not covered, reference may be made to Section 3 of standard UNI EN 1992-1-1:2005. 
11.2.10.1
Compressive strength 
During the structural design phase, reference shall be made to the characteristic compressive cube strength Rck, as defined in § 11.2.1. 
Reference then moves from cubic strength to cylindrical strength for use in verifications by means of the expression: 

fck = 0.83 ∙ Rck
[11.2.1]
Still in the planning phase, reference can then shift from characteristic strength to the average cylindrical strength by means of the expression 

fcm = fck + 8 [N/mm2]
[11.2.2]
11.2.10.2
Tensile strength 
The tensile strength of concrete can be determined through direct testing on prepared specimens in accordance with standard UNI EN 12390-2:2009, by means of the following tests: 
–
direct tensile tests;
–
indirect tensile tests: (according to UNI EN 12390-6:2010 or equivalent proven method);
–
flexural tensile tests: (according to UNI EN 12390-5:2009 or equivalent proven method). 
In the design phase, the average simple (axial) tensile strength of concrete can be assumed as (in N/mm2): 

fctm = 0.30 ( fck2/3for classes ≤ C50/60
[11.2.3a] 

fctm = 2.12 ( ln [1+fcm/10]
for classes > C50/60
[11.2.3b] 
values which should be reduced by 10 % if using coarse recycled aggregates within the limits indicated in Table 11.2.III.
The characteristic values of the 5 % and 95 % fractiles are assumed, respectively, as 0.7 fctm, and 1.3 fctm. 
The average flexural tensile strength is assumed, in the absence of direct testing, as: 

fcfm = 1,2 fctm
[11.2.4] 
11.2.10.3
Elastic modulus 
The instantaneous elastic modulus of concrete is assumed as the secant between zero stress and 0.40 fcm, determined based on specific tests to be conducted in accordance with standard UNI EN 12390-13:2013. 
In the design phase, this can assume the value: 

Ecm = 22.000 ( [fcm/ 10]0,3 [N/mm2]
[11.2.5] 
which should be reduced by 20 % if using coarse recycled aggregates within the limits indicated in Table 11.2.III. This formula is not applicable to steam-cured concrete. It is not to be considered binding in the interpretation of structural tests. 
11.2.10.4
Poisson's ratio 
For the Poisson’s ratio, a value of between 0 (cracked concrete) and 0.2 (non-cracked concrete) may be adopted depending on the state of stress. 
11.2.10.5
Thermal expansion coefficient 
The thermal expansion coefficient of concrete can be determined through specific tests to be conducted in accordance with standard UNI EN 1770:2000. 
In the structural design phase, or in the absence of a direct test calculation, the thermal expansion coefficient of concrete can be assumed as an average value of 10 x 10-6 °C-1 depending on the type of concrete considered (aggregate-binder ratio, types of aggregates, etc.), although it should be noted that this value can differ significantly. 
11.2.10.6
Shrinkage 
The axial deformation of concrete due to shrinkage can be determined through specific tests to be conducted in accordance with standard UNI 11307:2008. 
In the structural design phase, and when special additives are not used, concrete shrinkage can be assessed on the basis of the following indications. 
Total deformation due to shrinkage can be expressed as: 

εcs =εcd +εca
[11.2.6]
where: 
εcs
is total deformation due to shrinkage 
εcd
is deformation due to drying shrinkage 
εca
is deformation due to autogenous shrinkage. 
The average infinite value of deformation due to drying shrinkage: 

εcd,∞ = kh εc0
[11.2.7]
can be evaluated using the values in the following Tables 11.2.Va and 11.2.Vb, depending on the characteristic compressive strength, relative humidity and the parameter h0: 
Table 11.2.Va – Values of εc0 
	fck
	Deformation due to drying shrinkage (in ‰)


	
	Relative humidity (in %)

	
	20
	40
	60
	80
	90
	100

	20
	-0.62
	-0.58
	-0.49
	-0.30
	-0.17
	+0.00

	40
	-0.48
	-0.46
	-0.38
	-0.24
	-0.13
	+0.00

	60
	-0.38
	-0.36
	-0.30
	-0.19
	-0.10
	+0.00

	80
	-0.30
	-0.28
	-0.24
	-0.15
	-0.07
	+0.00


Table 11.2.Vb – Values of kh
	h0 (mm) 
	kh

	100 
	1.00 

	200 
	0.85 

	300 
	0.75 

	≥ 500 
	0.70 


For intermediate values of the parameters shown, linear interpolation is permitted. The development of the deformation εcd over time can be determined as: 

εcd ( t) = βds ( t − ts ) ( ε cd,∞
[11.2.8] 
where the time development function assumes the form 

βds(t-ts) = (t-ts) / [(t-ts)+0.04 ho3/2]
[11.2.9]
where: 
t
is the age of the concrete at the time in question (in days) 
ts
is the age of the concrete after which the effect of drying shrinkage is considered (normally the curing time, expressed in days). 
h00
is the fictitious value (in mm) equal to the ratio 2Ac / u 
Ac
is the area of the concrete section 
u
is the perimeter of the concrete section exposed to the air. 
The average infinite value of deformation due to autogenous shrinkage εca,∞can be determined by means of the expression: 

εca,∞ = -2.5 ( ( fck − 10) ( 10-6
[11.2.10]
with fck in N/mm2.
11.2.10.7
Viscosity 
In the design phase, where the compressive strength of the concrete at the time of use t0 = j does not exceed 0.45 (fckj, the infinite coefficient of viscosity φ (∞, t0), in the absence of more accurate assessments (e.g. § 3.1.4 of UNI EN 1992-1-1:2005), can be taken from the following Tables 11.2.VI and 11.2.VII, where h0is the fictitious value specified in § 11.2.10.6: 
Table 11.2.VI – Values of φ (∞, t0). Atmosphere with a relative humidity of around 75 % 
	t0 
	h0 ≤ 75 mm 
	h0 = 150 mm
	h0 = 300 mm
	h0 ≥ 600 mm

	3 days 
	3.5 
	3.2 
	3.0 
	2.8

	7 days 
	2.9 
	2.7 
	2.5 
	2.3

	15 days 
	2.6 
	2.4 
	2.2 
	2.1

	30 days 
	2.3 
	2.1 
	1.9 
	1.8

	≥ 60 days 
	2.0 
	1.8 
	1.7 
	1.6


Table 11.2.VII - Values of φ (∞, t0). Atmosphere with a relative humidity of around 55 %
	t0 
	h0 ≤ 75 mm 
	h0 = 150 mm
	h0 = 300 mm
	h0 ≥ 600 mm

	3 days 
	4.5 
	4.0 
	3.6 
	3.3

	7 days 
	3.7 
	3.3 
	3.0 
	2.8

	15 days 
	3.3 
	3.0 
	2.7 
	2.5

	30 days 
	2.9 
	2.6 
	2.3 
	2.2

	≥ 60 days
	2.5 
	2.3 
	2.1 
	1.9


Linear interpolation is permitted for intermediate values. 
Where an assessment is required in coefficient of viscosity times other than t = ∞, this may be done using the models taken from documents of proven validity referred to in Chapter 12.
11.2.11.
DURABILITY 
To guarantee the durability of ordinary or pre-stressed reinforced concrete structures, exposed to the action of the environment, measures must be taken to limit the effects of deterioration caused by chemical and physical attacks and those deriving from the corrosion of reinforcements and from freezing and thawing cycles. 
In this respect, having adequately assessed the environmental conditions of the intended construction site or of operation, in accordance with the indications given in Table 4.1.III of these regulations, in the design phase, the characteristics of the concrete to be used are to be indicated in accordance with the Guidelines on structural concrete drawn up by the Central Technical Service of the High Council of Public Works, with reference, in the absence of specific analyses, to standards UNI EN 206 and UNI 11104. Further, conformity must be ensured with the nominal reinforcement covering values referred to in point 4.1.6.1.3 and with the wet curing time and procedures in accordance with UNI EN 13670:2010 and with the Guidelines for the installation of structural concreteand the Guidelines for the assessment of the characteristics of in-situ concretepublished by the Central Technical Service of the High Council of Public Works. 
With respect to the durability assessment, the drafting of requirements for concrete may also include tests for verifying resistance to penetration of aggressive agents, such as carbon dioxide and chlorides. Account may also be taken of the degree of impermeability of concrete, determining the depth of penetration of water under pressure. For the test to determine the depth of penetration of water under pressure in hardened concrete, reference may be made to standard UNI EN 12390-8. 
11.2.12.
FIBRE-REINFORCED CONCRETE (FRC) 
Fibre-reinforced concrete (FRC) is characterised by the presence of discontinuous fibres in the cement matrix; these fibres may be made from steel or a polymer material, and must bear CE marking in accordance with harmonised European standards, such as UNI EN 14889-1 and UNI EN 14889-2 for steel or polymer fibres. 
The fibre-reinforced concrete mixture must be subject to a preliminary assessment following the indications given in § 11.2.3 above, determining the residual tensile strengths fR1k for the serviceability limit state and fR3k for the ultimate limit state in accordance with UNI EN 14651:2007.
The qualification of fibre-reinforced concrete and the design of FRC structures should be done solely with reference to the specific provisions issued by the High Council of Public Works.
11.3.
STEEL 
11.3.1.
COMMON REQUIREMENTS FOR ALL STEEL TYPES 
11.3.1.1
Tests 
These regulations require three forms of mandatory tests: 
· tests at the production facility, to be conducted on production batches; 
· tests in processing centres; 
· site acceptance tests. 
In this respect, production batch refers to continuous production, sorted chronologically with the placement of indications on the finished product (finished roll, coil of strand, bundle of bars, etc.). A production batch must have homogeneous nominal values (dimensional, mechanical, formation) and may weigh between 30 and 120 tonnes, inclusive. 
11.3.1.2
Facility production tests and qualification procedures 
All steels to which these regulations refer, whether intended for use as reinforcements in normal or pre-stressed reinforced concrete or for fabrication in metal structures, must be manufactured under a continuous internal production control system at the facility which must ensure a maintained level of reliability in finished product conformity, irrespective of the production process.
Without prejudice to the indications given in the harmonised European standards, where applicable, the product quality management system overseeing the manufacturing process must be implemented in accordance with standard UNI EN ISO 9001 and certified by an independent third party of a sufficient level of competence and organisation and operating in accordance with standard UNI CEI EN ISO/IEC 17021-1.
Where CE marking is not applicable, in accordance with Regulation EU 305/2011, the assessment of conformity of the facility's production control and of the finished product is performed through the qualification procedure indicated below.
Issuance of the certificate of qualification for the steels referred to above is the responsibility of the Central Technical Service of the Office of the Chair of the High Council of Public Works.
Commencement of the qualification procedure must be notified in advance to the Central Technical Service, submitting a report that contains:
1)
a list and characteristics of the products to be qualified (type, dimensions, mechanical and chemical characteristics, etc.); 
2)
indication of the facility and a description of the plants and production processes; 
3)
a description of the internal quality control body with indication of the persons responsible; 
4)
a copy of the quality management system certificate; 
5)
indication of the persons responsible for signing certificates; 
6)
a detailed description of the equipment and instruments of the facility’s internal ongoing quality control laboratory; 
7)
a declaration stating that the internal quality control department oversees production control and is independent from the production departments; 
8)
the marking procedures to be adopted for finished product identification; 
9)
a description of the general conditions of product manufacturing and of the supply of raw materials and/or intermediate product (billets, coils, wire rod, sheets, rolls, etc.); 
10)
a copy of the company quality manual, consistent with standard UNI EN ISO 9001.
11)
where the manufacturer is not established within the territory of the European Union, a copy of the authorised representative appointment in the form of a written mandate.
The Central Technical Service verifies the completeness and consistency of the documentation submitted and performs a preliminary document check with respect to the suitability of production processes and of the Quality Management System as a whole. 
If this preliminary check is successful, the Central Technical Service may conduct an inspection at the production facility. 
The results from the preliminary document check and from the inspection then undergo a subsequent assessment by the Central Technical Service for ratification and notification to the manufacturer. If this assessment is successful, the manufacturer may proceed with the product qualification procedure. If unsuccessful, the manufacturer is asked to implement any necessary corrective measures. 
The product qualification procedure continues through the following subsequent phases:
–
performance of qualification tests by a laboratory as referred to in Article 59 of Presidential Decree No 380/2001, approved by the Central Technical Service at the proposal of the manufacturer in accordance with the procedures referred to in § 11.3.1.4; 
–
submission of the qualification test results for conformity review to the Central Technical Service by the approved laboratory referred to in Article 59 of Presidential Decree No 380/2001; 
–
if the review is successful, the Central Technical Service shall issue the manufacturer a Certificate of Qualification and enter the product in the Official Catalogue of Qualified Products which is made available to the public; 
–
if the review is unsuccessful, the manufacturer may identify the causes of the non-conformity, make any necessary corrections, informing both the Central Technical Service and the approved laboratory, and then repeat the qualification tests. 
The product may be placed on the market only once a Certificate of Qualification is issued. Qualification is valid for five years. 
11.3.1.3
Retention and renewal of qualification 
In order to retain a qualification, each year manufacturers must send to the Central Technical Service, within 60 days from the end of the year in question: 
1)
a declaration of continuation of the initial conditions of suitability of the production process from the facility’s internal production control body; 
2)
the results of internal tests conducted on the product during the year, as well as their statistical processing, indicating the production volume and the number of tests performed; 
3)
the results of tests conducted during periodic product surveillance checks by the laboratory referred to in Article 59 of Presidential Decree No 380/2001; 
4)
statistical conformity documentation for the parameters measured (as referred to in the tables on specific steels) during the tests referred to in points 2) and 3). For statistical conformity between the results of the internal tests and the results of tests performed by the approved laboratory, proven statistical methods must be used to compare the variances and averages from the two sets of data, in accordance with the quality control procedures.
The manufacturer must inform the Central Technical Service of any changes made, including temporary, to the requirements concerning the production process or control system set out during the qualification procedure. 
The Central Technical Service examines the documentation submitted to retain qualification.
Any suspension of production must be promptly reported to the Central Technical Service, indicating the reasons. Where production is suspended for more than a year, the qualification procedure must be repeated. 
The Central Technical Service may at any time perform, or have performed by the approved laboratory, additional inspections to ascertain the continued satisfaction of the qualification requirements. 
At the end of the Certificate of Qualification's five-year validity period, the manufacturer must request its renewal; the Central Technical Service, having ascertained the conformity of all documentation provided during the previous five years, shall renew the qualification. 
Failure to submit the above documentation within the 60 days provided, or the ascertainment of significant non-conformities by the Central Technical Service, shall result in the suspension or loss of the qualification. 
11.3.1.4
Identification and traceability of qualified products 
Each qualified product must be constantly recognisable with respect to its qualitative characteristics and traceable to the production facility by a durable mark filed with the Central Technical Service which contains clear and unequivocal references to the manufacturer, production facility and to the type of steel and its weldability. 
Each product must be marked with identifying details that are different both from those of products manufactured in the same facility but with different characteristics, and from those of products with the same characteristics but manufactured in other facilities, whether or not by the same manufacturer. The marking must be inalterable and tamperproof. 
Facility means a production unit in its own right, with its own systems and finished product storage areas. For multiple production units belonging to the same manufacturer, the qualification must be repeated for each unit and for each type of product manufactured therein. 
Considering the different nature, form and size of products, the characteristics of the facilities used for their production and the possibility of supply both in individual pieces and in bundles, different marking systems may be adopted, which may also depend on the product’s intended use, such as rotary printing, hot and cold punching, paint stamping, affixing plates or tags, bundle sealing, etc. A roll mark is required in all cases for bars and rolls. 
The identification and traceability of qualified products are mandatory requirements. Types of application are specified in the sections on individual product types.
Bearing in mind that the determining factors for marking are inalterability in time and tamper-proofing, the manufacturer must observe the marking procedures declared in the documentation submitted to the Central Technical Service and promptly report any changes made. 
Absent marking, inconsistency with documentation submitted or illegibility of all or part thereof, shall render the product unusable. 
If the marked unit (individual piece or package) is separated at the facility of the user or dealer resulting in all or part of the original product marking being lost, both the user and the dealer shall be responsible for documenting its origin using the material accompanying document and the details of the filing of the mark with the Central Technical Service. 
In the first case, samples sent to the laboratory approved to perform site tests, must be accompanied by the aforementioned documentation and by a declaration of origin issued by the Project Manager, taken from the material's accompanying documents. 
Manufacturers and subsequent intermediaries must ensure that all documentation accompanying the materials is correctly filed and remains available for at least 10 years. To ensure product traceability, the developer must also make sure such documentation is kept together with the identifying markings or labels until the static test procedures are completed. 
Additional provisions to facilitate product identification and traceability by means of marking may be issued by the Central Technical Service. 
All certificates related to mechanical tests on steels, performed both in the facility and on site or in the workplace, must contain a reference to the identifying mark identified by the approved test laboratory on the specimens submitted for testing. Where the samples do not bear such marking, or the mark is not one of those filed with the Central Technical Service, the certificates issued by the laboratory shall not be valid in accordance with these regulations, which must be specifically mentioned on the certificate. In such case, the material may not be used and the approved laboratory must report the circumstance to the Central Technical Service. 
11.3.1.5
Supplies and accompanying documentation 
All supplies of steel not subject to CE marking must be accompanied by a copy of the certificate of qualification from the Central Technical Service and the internal control certificate type 3.1, as referred to in standard UNI EN 10204, for the specific batch of material supplied. 
All supplies of steel subject to CE marking, must be accompanied by a copy of the “Declaration of Performance” referred to in Regulation (EU) 305/2011, by the envisaged CE marking and by the internal control certificate type 3.1, as referred to in standard UNI EN 10204, for the specific batch of material supplied. 
Reference to the certificates of qualification of the product must be indicated on the transport document. 
Supplies made by a distributor must be accompanied by a copy of the document issued by the manufacturer together with a reference to the transport document from that distributor. 
For in-situ supplies not originating from a processing centre, the Project Manager, before their delivery to the site, must verify the indications above and refuse any non-compliant supplies, without prejudice to the responsibilities of the manufacturer. 
11.3.1.6
Qualification tests and periodic quality checks 
Approved laboratories, as referred to in Article 59 of Presidential Decree No 380/2001, must operate according to a specific quality plan approved by the Central Technical Service.
All test certificates issued, must be based on a standard model drawn up by the Central Technical Service.
Such certificates must contain at least the following:
–
identification of the manufacturer and of the production facility;
–
indication of the product type and any declared weldability;
–
the product identification mark filed with the Central Technical Service;
–
details of the certificate of qualification and of the latest certificate of confirmation of qualification (for periodic quality checks only); 
–
sampling date, test location and certificate issue date; 
–
the nominal and actual values of the product and the results of any tests performed; 
–
the chemical analysis for products declared weldable (or in any case used for the manufacture of welded finished products); 
–
the statistics provided for in §§ 11.3.2.12 and § 11.3.3.5.
Facility-based samples are to be taken, where possible, from the production line. 
Tests may be performed by technicians from the approved laboratory, including at the manufacturer's facility, where the equipment used is calibrated and its identity is ascertained and documented. 
This must be specifically mentioned in the test report, which must contain a declaration from the approved laboratory representative concerning the suitability of the equipment used. 
Should the tests be unsuccessful, the manufacturer must identify the causes and take the appropriate corrective measures, informing the approved laboratory, and then repeat the verification tests. 
The specifications for the performance of qualification tests and periodic quality checks, including their frequency, are indicated in the following sections.
§ 11.3.2.12 for steels used for reinforced concrete in the form of bars or rolls, welded mesh and lattices; 
§ 11.3.3.5 for steels used for pre-stressed reinforcement concrete; 
§ 11.3.4.11 for steels used in metal fabrication. 
11.3.1.7
Processing centres 
Processing centre means any fixed or mobile plant external to the factory and/or site, which receives from the steel producer, basic elements (bars, rolls, mesh, sheet or sections, hollow sections, etc.) and produces structural elements that can be used directly on site, ready for installation or subsequent processing. 
The processing centre may only receive and process products qualified at the source, accompanied by the documentation referred to in § 11.3.1.5. 
Particular attention must be paid in cases where the processing centre uses basic elements that are qualified but are sent from different manufacturers through specific documented procedures that ensure product traceability. 
Processing centres must implement a process control system to ensure the maintenance of conformity of the products’ mechanical and geometric characteristics with these regulations in all processes. 
The product quality management system overseeing the processing must be implemented in accordance with standard UNI EN ISO 9001. 
All products delivered to the site after leaving a processing centre must be accompanied by the appropriate documentation, as specified below, which clearly identifies the processing centre and ensures full traceability of the product.
Processing centres are required to perform tests to ensure that the mechanical characteristics of the final product conform to the classification of the original unprocessed steel. 
As part of the production process, particular attention must be paid to bending and welding processes. More specifically, the Technical Director of the processing centre must conduct specific tests to verify that any bends and welds, including those that are non-resistant, do not alter the original mechanical characteristics of the product. For both welding and bending processes, reference may be made to the applicable European legislation. 
The facility’s Technical Director, appointed by the processing centre, must be qualified to operate in a technical capacity.
Processing centres are required to declare their activity to Central Technical Service, indicating the types of products processed as well as their organisation and work procedures, and to provide a copy of the certificate of their quality management system overseeing the processing. Each processing centre must also indicate a logo or mark which uniquely identifies that centre; the quality management system overseeing its processing, implemented in accordance with standard UNI EN ISO 9001, must be certified by an independent third party of a sufficient level of competence and organisation and operating in accordance with standard UNI CEI EN ISO/IEC 17021-1. 
The declaration of activity submitted to the Central Technical Service must indicate the commitment to use only basic elements qualified at the source. 
This declaration must be accompanied by a note of appointment of the processing centre’s Technical Director, signed by the Technical Director confirming his acceptance and assumption of responsibilities over material controls in accordance with these regulations. 
The Central Technical Service confirms the submission of the aforesaid declaration with the issue of a “Processing Centre Activity Reporting Certificate”. 
Processing centres are required to report any changes with respect to the information declared in the activity report. The Central Technical Service shall update the list of documentation needed to obtain the “Processing Centre Activity Reporting Certificate” based on technical advancements and any future legislative updates.
Processing centres must have the laboratories referred to in Article 59 of Presidential Decree No 380/2001 carry out the tests indicated in the specific paragraphs related to each steel product (§ 11.3.2.10.3, § 11.3.3.5.3, § 11.3.4.11.2) and must notify the Central Technical Service of any changes made to their reported production process.
Each in-situ supply of pre-welded, pre-formed or pre-assembled elements deriving from a processing centre must be accompanied by: 
a)
a statement in the transport document giving details of the “Processing Centre Activity Reporting Certificate” issued by the Central Technical Service, indicating the logo or mark of processing centre; 
b)
a statement of completion of the internal control tests referred to in the specific sections related to each product (§ 11.3.2.10.3, § 11.3.3.5.3, § 11.3.4.11.2), ordered by the processing centre's Technical Director, indicating the days on which the supply was processed. The Project Manager is free to consult the register referred to in § 11.3.2.10.3 upon request; 
c)
a statement containing references to the documentation provided by the manufacturer in accordance with § 11.3.1.5 in relation to the products used within that specific supply. A copy of the documentation provided by the manufacturer and mentioned in the processing centre declaration, shall be presented to the Project Manager upon request.
The Project Manager is required to verify the foregoing and to refuse any non-compliant supplies, without prejudice to the responsibilities of the processing centre. The aforementioned documents are to be submitted to the inspector who shall indicate in the test certificate, inter alia, details of the processing centre having supplied the processed material. 
The processing centre shall provide a copy of the documentation referred to in points b) and c) above, to the competent supervisory authorities upon request.
The “Processing Centre Activity Reporting Certificate” shall be suspended or, in more serious or repeated cases, revoked if the Central Technical Service should discover any discrepancies between the documents provided and the activity effectively completed, inaccuracies in the statements given or non-conformity with the requirements contained in the technical legislation in force. Suspension and revocation measures shall be adopted by the Central Technical Service.
11.3.2.
STEEL FOR REINFORCED CONCRETE 
Only weldable steels qualified according to the procedures referred to in § 11.3.1.2 above and tested following the procedures referred to in § 11.3.2.11 are permitted for use. 
11.3.2.1
Steel for B450C reinforced concrete 
Steel for B450C reinforced concrete is characterised by the following nominal yield stress and maximum load stress values to be used in calculations: 
Table 11.3.Ia 
	fy nom 
	450 N/mm²

	ft nom 
	540 N/mm²


and must satisfy the requirements indicate din the following Table 11.3.Ib: 
Table 11.3.Ib 
	Characteristics 
	Requirements 
	Fractile (%) 

	Characteristic yield stress 
	fyk 
	≥ fy nom
	5.0 

	Characteristic maximum load stress 
	ftk 
	≥ ft nom
	5.0 

	(ft/fy)k
	≥ 1.15
	10.0

	
	< 1.35
	

	(fy/fynom)k
	≤ 1.25
	10.0 

	Elongation 
	(Agt)k
	≥ 7.5%
	10.0 

	Mandrel diameter for bend tests at 90 ° and subsequent straightening without cracks:
φ < 12 mm
	4 φ
	

	12 ≤ φ ≤ 16 mm
	5 φ
	

	for 16 < φ ≤ 25 mm
	8 φ
	

	for 25 < φ ≤ 40 mm
	10 φ
	


Mechanical characteristics are determined in accordance with § 11.3.2.3.
11.3.2.2
Steel for B450A reinforced concrete
Steel for B450A reinforced concrete, characterised by the same nominal yield stress and maximum load stress values as B450C, must satisfy the requirements indicated in Table 11.3.Ic below.
Table 11.3.Ic
	Characteristics 
	Requirements 
	Fractile (%)

	Characteristic yield stress 
	fyk 
	≥ fy nom
	5.0 

	Characteristic maximum load stress 
	ftk 
	≥ ft nom
	5.0 

	(ft/fy)k
	≥ 1.05
	10.0

	(fy/fynom)k
	≤ 1.25
	10.0 

	Elongation 
	(Agt)k
	≥ 2.5%
	10.0 

	Mandrel diameter for bend tests at 90 ° and subsequent straightening without cracks:
for φ ≤ 10 mm
	4 φ
	


Mechanical characteristics are determined in accordance with § 11.3.2.3. 
11.3.2.3
Determination of mechanical properties 
The mechanical properties referred to in the tables above are determined in accordance with standard UNI EN ISO 15630-1: 2010. 
The mechanical properties of samples obtained from a straightened roll, mesh or lattices are determined on test pieces maintained at 100 ± 10 °C for 60 (+15, –0) minutes and subsequently cooled in still air at room temperature. 
In any case, where the yield is not clearly identifiable, fy replaced with f(0.2). 
The bending-unbending test is performed at a temperature of 20 ± 5 °C folding the test piece 90 °, keeping it at 100 ± 10 °C for 60 minutes and then, after allowing it to air-cool, partially straightening it by at least 20 °. After the test, the sample must not show any cracks. 
11.3.2.4
Size and use characteristics 
Steel for reinforced concrete is exclusively factory-produced in the form of bars or rolls, mesh or lattices, for use directly or as a base element for subsequent processing. 
Before their delivery to the site, the above-mentioned elements may be welded, pre-formed (stirrups, bent bars, etc.) or pre-assembled (reinforcement cages, etc.) to form compound elements for use directly in-situ. 
Forming and/or assembly may take place:
–
in-situ, under the supervision of the Project Manager;
–
in processing centres, where they meet the requirements referred to in § 11.3.1.7.
All reinforced concrete steels must offer improved adhesion, i.e. having a surface with transverse ribs or serrations evenly distributed over their entire length, designed to ensure adequate adhesion between reinforcement and concrete. 
In regard to the marking of bars and rolls, the indications in § 11.3.1.4 apply. 
Documentation accompanying supplies of steel deriving from production facilities or from an intermediate distributor is subject to the indications given in § 11.3.1.5, while pre-formed or pre-assembled products are subject to the indications given in § 11.3.1.7.
All products are characterised by the diameter ( of the smooth round bar of equal mass, calculated on the assumption that the steel has a density of 7.85 kg/dm3. 
B450C steels, as referred to in § 11.3.2.1, may be used in bars of a diameter of ( between 6 and 40 mm. 
For B450A steels, as referred to in § 11.3.2.2, the bars must have a diameter (of between 5 and 10 mm. 
The use of steels supplied in rolls is permitted only for structural uses, in diameters ( not exceeding 16 mm for B450C steels and diameters ( not exceeding 10 mm for B450A steels. 
Steel in rolls must be used directly for forming and assembly and solely by a processing centre as referred to in § 11.3.1.7 or by a manufacturer for the production of welded mesh or lattices as referred to in § 11.3.2.5. No other use of steel bars deriving from straightened rolls is permitted.
For dimensional tolerances, references is made to the indications given in UNI EN 10080:2005.
11.3.2.5
Welded mesh and lattices 
Steels used for welded mesh and lattices must be weldable. The spacing of the bars must not exceed 330 mm in both directions.
Mesh and lattices are reticular products assembled in a factory where they are welded by automatic machines at all intersecting points.
For mesh and lattices made with B450C steel, the basic elements must have a diameter (which falls within the limits: 6 mm ≤ ( ≤16 mm. 
For mesh and lattices made with B450A steel, the basic elements must have a diameter (which falls within the limits: 5 mm ≤ ( ≤ 10 mm. 
The ratio between the diameters of mesh and lattice component bars must be: 

( min / ( max ≥ 0,6
[11.3.1]
Mesh intersections must be able to withstand a separation force determined in accordance with standard UNI EN ISO 15630-2:2010 equivalent to 25 % of the yield strength of the bar, to be calculated for the largest diameter based on a yield stress of 450 N/mm2. 
In addition to the foregoing, with reference to non-automatic welding procedures and to mesh and lattice welders, standards UNI EN ISO 17660-1:2007 on load-bearing welded joints and UNI EN 17660-2:2007 on non-load-bearing welded joints apply. 
In each mesh or lattice element, the individual reinforcement components must be of the same class of steel. In the case of lattices, the use of connecting elements between upper and lower rails with a smooth surface is permitted provided that they are manufactured with B450A or B450C steel. 
In any case, the manufacturer must ensure that the finished product, mesh or lattice, is qualified following the procedures referred to in § 11.3.2.11.
11.3.2.5.1
Identification of welded mesh and lattices
The manufacture of welded mesh and lattices must be carried out using a qualified base material. 
For mesh and lattices formed with base elements produced in the same facility, the marking of the finished product may be the same as that of the base element.
For mesh and lattices formed with base elements produced in other facilities, a specific label must be applied to each mesh or lattice package containing all the necessary details to correctly identify the product and the manufacturer of the mesh and lattices inside. The Project Manager, upon accepting each in-situ supply, must verify the presence of said label.
11.3.2.6
Weldability 
The chemical analysis performed on each casting and the control chemical analysis performed on the finished product, where applicable, must comply with the limitations indicated in Table 11.3.II where carbon equivalent Ceq is calculated using the following formula: 
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[11.3.2]
in which the chemical symbols denote the content of such elements expressed as a percentage. 
Table 11.3.II – Maximum chemical element content in % 
	
	
	Product analysis 
	Casting analysis 

	Carbon 
	C 
	0.24 
	0.22 

	Phosphorous 
	P 
	0.055 
	0.050 

	Sulfur 
	S 
	0.055 
	0.050 

	Copper 
	Cu 
	0.85 
	0.80 

	Nitrogen 
	N 
	0.014 
	0.012 

	Carbon equivalent
	Ceq
	0.52
	0.50


The maximum value of C of 0.03 % in mass, may be exceeded provided that the value of Ceqis reduced by 0.02 % in mass. 
Higher nitrogen levels are permitted where there is a sufficient quantity of nitrogen-fixing elements. 
11.3.2.7
Dimensional tolerances 
The permissible deviation for nominal mass per metre, must be as shown in Table 11.3. III below.
Table 11.3.III 
	Nominal diameter (mm)
	5 ≤ φ ≤ 8
	8 < φ ≤ 40

	Tolerance in % of the nominal mass per metre
	± 6
	± 4.5


11.3.2.8
Other types of steel 
11.3.2.8.1
Stainless steels 
Austenitic or austenitic-ferritic stainless steels can be used, provided the mechanical characteristics comply with the requirements for steel set out in § 11.3.2.1 and that care is taken to replace the value ft in Table 11.3.Ib, only when calculating the ratio ft / fy, the value f7 %, stress corresponding to a total elongation of 7 %. The weldability of such steels is to be documented by means of weldability tests certified by a laboratory referred to in Article 59 of Presidential Decree No 380/2001 and conducted on samples following the specific welding procedures indicated by the manufacturer for use in-situ or in processing centres.
The qualification of such steels is permitted also for non-continuous production, without prejudice to the applicability of all other rules relating to the qualification steels for reinforced concrete.
11.3.2.8.2
Galvanised steels 
The use of galvanised steels is permitted, provided that their physical, mechanical and technological characteristics satisfy the requirements for B450C and B450A steels.
The base material to be galvanised must be qualified at the source. 
Site acceptance tests and the verification of the foregoing must be performed on the finished product, after galvanisation, at a laboratory referred to in Article 59 of Presidential Decree No 380/2001, in accordance with the indications given in § 11.3.2.12.
In any case, the adhesion of the finished product must be verified following the procedures indicated for reinforced concrete construction product processing centres.
For types of zinc-coating tests (surface quality, coating adhesion, mass of coating per unit of surface area) and as a useful guide for selecting minimum quantities of zinc, reference may be made to UNI EN 10622 and to UNI EN ISO 1461.
11.3.2.9
Mechanical joints
The assembly or connection of two reinforcement bars may be done using devices, or mechanical joints, that guarantee their continuity. Such mechanical joints must be marked, traceable and implemented in accordance with the specific installation instructions and, where they are not CE-marked, they must satisfy the requirements contained in standard UNI 11240-1:2018. Tests on mechanical joints must be conducted in accordance with standard UNI 11240-2:2018.
For the qualification of such products, case C) in Section 11.1 shall apply.
Site acceptance tests must be performed in accordance with standard UNI 11240-2:2018, following the procedures set out in § 11.3.4.11.3.
11.3.2.10
Test procedures for normal reinforced concrete steels – bars and rolls 
11.3.2.10.1
Systematic factory checks 
11.3.2.10.1.1
General provisions 
The qualification tests and periodic verifications referred to in the following points, must be repeated for each product with different characteristics or manufactured following different production processes, even if deriving from the same facility. 
Rolls must be qualified separately from bars and must bear different markings. 
11.3.2.10.1.2
Qualification tests 
The approved laboratory must draw, at the production facility, a set of 75 samples taken from three different castings or batches produced (25 for each casting or batch), selected from three different diameters, all within the range produced. The samples must be taken from all products bearing the mark registered in Italy, irrespective of their label or specific destination. 
For each sample, the approved laboratory must determine the yield stress and maximum load values fy and ft and the elongation Agt, and must perform bending and weldability tests. 
11.3.2.10.1.3
Assessment procedure 
Assessment of results 
The characteristic values fy, ft, Agt and the lower characteristic value of ft/fy must satisfy the following equation: 
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 – k s ≥ Cv
[11.3.3]
The characteristic value (fy/fynom)k and the upper characteristic value of ft/fy must satisfy the following equation: 
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 + k s ≤ Cv
[11.3.4]
where: 
Cv
=
prescribed value for the individual values in the tables in § 11.3.2.1 and § 11.3.2.2 
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=
mean value 
s
=
standard deviation of the population 
k
=
coefficient indicated in Table 11.3.IV for ft and fy and in Table 11.3.V for Agt , ft/fy and (fy/fynom) and which must be established based on the number of samples. 
In any case, the coefficient k assumes, based on n, the values indicated in Tables 11.3.IV and 11.3.V. 
The value of the ribbed or serrated area referred to in § 11.3.2.10.4 shall be calculated on at least one sample per casting or production batch. 
Where any of the samples subject to qualification testing does not satisfy the strength or ductility requirements set out in § 11.3.2 of these technical regulations, the sampling in relation to the diameter in question must be repeated, with the new sample replacing the previous one in its entirety. A second failure shall result in repetition of the qualification test. 
Table 11.3.IV - fy – ft – Coefficient k based on the number n of samples (for an expected probability of failure of 5 % [p = 0.95] with a probability of 90 %) 
	n 
	k 
	n 
	K 

	5 
	3.40 
	30 
	2.08 

	6 
	3.09 
	40 
	2.01 

	7 
	2.89 
	50 
	1.97 

	8 
	2.75 
	60 
	1.93 

	9 
	2.65 
	70 
	1.90 

	10 
	2.57 
	80 
	1.89 

	11 
	2.50 
	90 
	1.87 

	12 
	2.45 
	100 
	1.86 

	13 
	2.40 
	150 
	1.82 

	14 
	2.36 
	200 
	1.79 

	15 
	2.33 
	250 
	1.78 

	16 
	2.30 
	300 
	1.77 

	17 
	2.27 
	400 
	1.75 

	18 
	2.25 
	500 
	1.74 

	19 
	2.23 
	1 000 
	1.71 

	20 
	2.21 
	--
	1.64 


Table 11.3.V - Agt , ft/fy . fy/fynom.– Coefficient k based on the number n of samples (for an expected probability of failure of 10 % [p = 0.90] with a probability of 90 %)
	n 
	k 
	n 
	K 

	5 
	2.74 
	30 
	1.66 

	6 
	2.49 
	40 
	1.60 

	7 
	2.33 
	50 
	1.56 

	8 
	2.22 
	60 
	1.53 

	9 
	2.13 
	70 
	1.51 

	10 
	2.07 
	80 
	1.49 

	11 
	2.01 
	90 
	1.48 

	12 
	1.97 
	100 
	1.47 

	13 
	1.93 
	150 
	1.43 

	14 
	1.90 
	200 
	1.41 

	15 
	1.87 
	250 
	1.40 

	16 
	1.84 
	300 
	1.39 

	17 
	1.82 
	400 
	1.37 

	18 
	1.80 
	500 
	1.36 

	19 
	1.78 
	1 000 
	1.34 

	20 
	1.77 
	– 
	1.282 


11.3.2.10.1.4
Periodic quality checks 
With respect to the quality check, the approved laboratory shall conduct spot checks at least every three months, taking three sets of five samples of bars of the same diameter, chosen following the same procedures used for the statistical tests referred to in point 11.3.2.10.1.2 and deriving from the same casting. 
The samples must be taken from all products qualified in accordance with these regulations, irrespective of their label or specific destination. The sets shall be subject to strength and ductility tests. The set of 15 yield stress and maximum load stress values obtained in the tests is added to those from the previous samples and replaces the 15 values from the first set in chronological order. The new mean and standard deviation values obtained are then used to determine the new characteristic stresses, replacing the previous ones (assuming n = 75). 
Where the characteristic values are less than the minimums referred to in § 11.3.2.1 and § 11.3.2.2, the approved laboratory must inform the Central Technical Service and repeat the qualification tests only once the manufacturer has remedied the causes of the unsatisfactory result. 
If any of the samples subject to quality verification fails to meet the ductility requirements referred to in § 11.3.2.1 and § 11.3.2.2, the sample related to the diameter in question is repeated. The new sample replaces the previous one in its entirety. A second failure shall result in repetition of the qualification. 
The dimensional tolerances referred to in § 11.3.2.7 refer to the average measures taken from all samples of each casting or production batch. 
The ribbed or serrated area and the chemical composition shall be calculated on at least one sample per casting or production batch. 
11.3.2.10.2
Checks on individual castings or production batches 
In addition to the above provisions regarding systematic factory checks, qualified manufacturers may voluntarily request the performance of tests on individual castings or production batches, which must also be performed by a laboratory referred to in Article 59 of Presidential Decree No 380/2001. The checked castings or production batches must be placed in chronological order in the overall production system. The checks consist of the sampling, for each casting and production batch and for each group of diameters taken from them, of a number n of at least 10 samples which are subjected to the tests referred to in § 11.3.2.10.1.2. The characteristic yield and maximum load stresses are calculated based on the expressions referred to in § 11.3.2.10.1.3 in which n is the number of samples taken from the casting. 
11.3.2.10.3
Processing centre checks
Processing centre checks, to be conducted prior to delivery in-situ by a laboratory referred to in Article 59 of Presidential Decree No 380/2001 on the processed product, are mandatory and must be performed as follows:
a)
if using bars, one check for every 90 t of the same class of steel deriving from the same facility, even if part of subsequent supplies, on which tensile and bending tests are performed;
b)
if using rolls, one check every 30 t for each type of machine and for each processed diameter of the same class of steel deriving from the same facility, even if part of subsequent supplies, subject to stress and bending tests and a verification of the ribbed or serrated area, following the geometric method referred to in the second part of § 11.3.2.10.4; the sampling must be such as to ensure that all suppliers and all diameters for each type of steel used, as well as all straightening machines in the processing centre, are checked within a three-month period.
Each check comprises one sample, consisting of three specimens of the same diameter provided that the mark and the accompanying documentation indicate that the material originates from the same source and from the same class of steel. 
Where the above quantities are not reached, at least one check must be performed for each day of processing. 
All of the above tests, to be performed after processing and bending, must concern strength, elongation, bending and adhesion.
The results from the tests must conform the indications in the following table.
Table 11.3.VI a) – Processing centre acceptance values – bars and rolls after straightening
	Characteristic 
	Limit values 
	Notes 

	fy minimum 
	425 N/mm2
	for B450A and B450C steels 

	fy maximum 
	572 N/mm2
	for B450A and B450C steels 

	Agt minimum 
	≥ 6.0 %
	for B450C steels 

	Agt minimum 
	≥ 2.0 %
	for B450A steels 

	ft / fy
	1.13 ≤ ft / fy ≤ 1.37
	for B450C steels 

	ft / fy
	ft / fy ≥ 1.03
	for B450A steels 

	Bending / Straightening
	Absence of cracks
	for B450A and B450C steels

	fr / fp
	for 5 mm ≤ Ø ≤ 6 mm
	≥ 0.035
	for B450A and B450C rolled steels

	
	for 6 mm ≤ Ø ≤ 12 mm
	≥ 0.040
	

	
	for Ø ≥ 12 mm
	≥ 0.056
	


If any of the aforesaid tests is unsuccessful, the Technical Director shall have the test repeated on six new samples of the same diameter.
Where this subsequent test also fails to stay within the stated limits, the test must be extended, having notified the manufacturer, to 25 samples, applying the data obtained from the general formula for systematic factory checks (see also § 11.3.2.10.1.3).
A further negative outcome shall result in the lot being deemed unfit for use and the results shall be sent to the manufacturer, which must include them among the statistical test results in relation to its production. Similar rules apply to welded joint ductility, bond and separation tests: a single negative outcome from the first sample shall result in the examination of six new samples of the same diameter, with an additional negative outcome resulting in the lot being deemed unfit for use.
Moreover, the Technical Director must report any abnormal results both to the laboratory referred to in Article 59 of Presidential Decree No 380/2001 approved by the Central Technical Service for factory testing, and to the Central Technical Service itself.
The Technical Director of the factory shall record all internal control test results in a specific register, which must be available for consultation upon request by authorised personnel.
Where the requests for testing are not signed by the Technical Director, the certificates issued by the laboratory shall not be valid in accordance with the aforesaid decree, which must be specifically mentioned on the certificate.
Test certificates issued by laboratories must contain at least the following:
–
identification of the issuing laboratory;
–
unique identification of the certificate (serial number and issue date) and of each page thereof, as well as the total number of pages; 
–
identification of the processing centre; 
–
identification of the supply to which the tests refer and indication of the days on which it was processed;
–
name of the Technical Director requesting the test; 
–
description and identification of the specimens to be tested; 
–
sampling date of the specimens to be tested; 
–
date of receipt of the samples and date of performance of the tests; 
–
identification of the test specifications or description of the method or procedure adopted, indicating the reference standards used; 
–
measured dimensions of the tested specimens; 
–
values measured and outcome of the bending tests. 
The certificates must also indicate the identifying mark referred to in § 11.3.1.4, taken by the approved test laboratory on the specimens submitted for testing. Where the samples do not bear such marking, or the mark is not one of those filed with the Central Technical Service, this must be specifically indicated on the certificate; such certificates are therefore not valid in accordance with the regulations. The batch must therefore also be discarded and the non-conformity reported to the Central Technical Service.
11.3.2.10.4
Adhesion tests 
For qualification purposes, products in bars and rolls must pass the bond test based on the beam test method to be conducted at one of the laboratories referred to in Article 59 of Presidential Decree No 380/2001, following the procedure specified in standard UNI EN 10080:2005. 
The bond stresses identified must satisfy the following equations: 
τm ≥ 0.098 (80 – 1,2 ()
[11.3.5]
τr ≥ 0.098 (130 – 1.9 ()
[11.3.6]
where: 
(
the nominal diameter of the sample in mm; 
τm
the average bond stress in MPa calculated based on a sliding of 0.01, 0.1 and 1 mm; 
τr
the maximum bond stress at the point of collapse. 
The tests must be extended to at least three diameters, as follows:
–
one within the range 5 ≤( ≤ 10 mm (bars) and 5 ≤ ( ≤ 8 mm (rolls);
–
one within the range 12 ≤( ≤ 18 mm (bars) and 10 ≤ ( ≤ 14 mm (rolls);
–
one equal to the maximum diameter (bars and rolls).
For the periodic quality checks and checks on individual lots, repetition of the bond test shall not be necessary where there is compliance in terms of characteristics and geometric measurements with reference to the set of bars having passed the tests. 
With reference to both ribbed steel and serrated steel, to ascertain the conformity of individual lots with respect to adhesion properties, these shall be assessed based on three samples for each diameter considered, in accordance with the procedure set out in standard UNI EN ISO 15630-1:2010:
–
the value of the ribbed area fr, for ribbed steel; 
–
the value of the serrated area fp, for serrated steel. 
The minimum value of such parameters is indicated below:
Table 11.3.VI b) 
	
	
	Bars
	Rolls

	for 5 ≤ ( ≤ 6 mm
	fr or fp ≥
	0.035
	0.037

	for 6 < ( ≤ 12 mm
	fr or fp ≥
	0.040
	0.042

	for ( > 12 mm
	fr or fp ≥
	0.056
	0.059


The test certificate, in addition to giving details of the checks referred to above, must describe the geometric characteristics of the section and of the ribbing or serration.
11.3.2.11
Test procedures for normal reinforced concrete steels – welded mesh and lattices 
11.3.2.11.1
Systematic factory checks 
11.3.2.11.1.1
Qualification tests 
The laboratory referred to in Article 59 of Presidential Decree No 380/2001, at the production facility, samples of a set of 80 specimens taken from 40 different panels, with two for each element. 
For mesh, one specimen is taken for each of the panel's two orthogonal directions. For lattices, samples are taken from one of the lower rails and from the upper rail.
Each sample must allow for two tests: 
–
a tensile test on a sample of wire including at least one welded intersection, for determining maximum load stress, yield stress and elongation; 
–
a test on the separation strength of the intersection weld, determined using a suitable device to force the transverse wire in the direction of the longitudinal wire under tension (in accordance with standard UNI EN 10080:2005 for lattices and standard UNI EN ISO 15630-2:2010 for electro-welded mesh).
The samples must be taken from all products bearing the mark registered in Italy, irrespective of their label or specific destination. 
The characteristic yield and maximum load stresses, determined in accordance with § 11.3.2.3, are determined following the same formula referred to in § 11.3.2.10.1.3 where n, number of samples considered, is taken in this case as 80, and the coefficient k assumes, depending on n, the values indicated in the tables in § 11.3.2.10.1.3. 
If one of the samples subject to qualification tests does not meet the requirements set out in the technical regulations concerning elongation or separation strength values, the sample relating to the element in question is repeated on another element from the same lot. The new sample replaces the previous one in its entirety. A second failure shall result in repetition of the qualification tests. 
11.3.2.11.1.2
Quality checks 
The approved laboratory pursuant to Article 59 of Presidential Decree No 380/01, shall perform spot checks at least every three months on a set of 20 specimens taken from 10 different elements, two for each element. The samples must be taken from all products bearing the mark registered in Italy, irrespective of their label or specific destination. 
The laboratory shall perform tensile and separation tests on the set in question. The corresponding results are added to those from the previous samples after eliminating the first set in chronological order. 
The new characteristic stresses are thus determined, replacing the previous ones assuming n = 80. 
Where the characteristic values are less than the minimums referred to in § 11.3.2.1 and § 11.3.2.2, the approved laboratory shall suspend the quality check, informing the Central Technical Service, and repeat the qualification only once the manufacturer has remedied the causes of the unsatisfactory result. 
If one of the samples subject to verification tests does not match the values set out in § 11.3.2, the sample relating to the element in question is repeated on another element from the same lot. The new sample replaces the previous one in its entirety. In case of a further negative outcome, the approved laboratory shall suspend the quality check, informing the Central Technical Service, and repeat the qualification once the manufacturer has remedied the causes of the unsatisfactory result. 
11.3.2.11.2
Checks on individual production batches
In facilities subject to systematic checks, qualified manufacturers may submit individual production batches to the approved laboratory for further testing. 
The checks consist of the sampling from each batch of a number n of at least 20 samples taken from at least 10 different elements, which are subjected to the tests referred to in § 11.3.2.11.1.2.
The characteristic yield and maximum load stresses must be calculated based on the formulas referred to in § 11.3.2.10.1.3 in which nis the number of tests sampled. 
11.3.2.12
Site acceptance tests
Site acceptance tests are mandatory and must be conducted within 30 days from the date of delivery of material by a laboratory referred to in Article 59 of Presidential Decree No 380/2001.
The tests must be conducted on three samples every 30 t of steel used from the same class and deriving from the same facility or processing centre, even if part of subsequent supplies. 
The sampling of specimens is done in the presence of the Project Manager or an authorised technician who shall draw up a sampling report and identify the specimens by applying initials, durable labels, etc.; the certification by the material test laboratory must contain a reference to said report. Requests for tests sent to the approved laboratory must be signed by the Project Manager, who shall be responsible for the submission of samples.
The laboratory entrusted to perform the tests shall accept samples accompanied by a written letter of request from the Project Manager. The laboratory checks the condition of the specimens and reference documentation and, for any defects found in relation to the samples or where all or part of the instrumentation required for their identification is missing, the laboratory must suspend the tests and inform the Central Technical Service of the High Council of Public Works.
The sample may be taken by the same laboratory entrusted to perform the tests. Laboratories must store all tested samples for at least 30 days after the test certificates are issued for identification and tracking purposes.
Samples must be taken from bars of the same diameter or of the same type (in terms of diameter and dimensions) for mesh and lattices, and must display the mark of origin.
The strength and elongation of each sample, ascertained in accordance with § 11.3.2.3 and prior to the installation of a product of a given diameter, must be included among the maximum and minimum values shown in the following tables regarding bars and mesh and lettuces, respectively:
Table 11.3.VII a) – Site acceptance values – bars 
	Characteristic
	Limit values
	Notes

	fy minimum
	425 N/mm2
	for B450A and B450C steels

	fy maximum
	572 N/mm2
	for B450A and B450C steels

	Agt minimum
	≥ 6.0 %
	for B450C steels

	Agt minimum
	≥ 2.0 %
	for B450A steels

	ft / fy
	1.13 ≤ ft / fy ≤ 1.37
	for B450C steels

	ft / fy
	ft / fy ≥ 1.03
	for B450A steels

	Bending/straightening
	absence of cracks
	for B450A and B450C steels


Table 11.3.VII b) – Site acceptance values – mesh and lattices
	Characteristic
	Limit values
	Notes

	fy minimum 
	425 N/mm2
	for B450A and B450C steels 

	fy maximum 
	572 N/mm2
	for B450A and B450C steels 

	Agt minimum 
	≥ 6.0 %
	for B450C steels 

	Agt minimum 
	≥ 2.0 %
	for B450A steels 

	ft / fy
	1.13 ≤ ft / fy ≤ 1.37
	for B450C steels 

	ft / fy
	ft / fy ≥ 1.03
	for B450A steels 

	Weld separation 
	≥ Nom. sect. largest Ø × 450 × 25 %
	for B450A and B450C steels


If the result is not in line with that declared by the manufacturer, the Project Manager shall have the test repeated on six new samples of the same diameter.
Where this subsequent test also fails to stay within the stated limits, the test must be extended, having notified the manufacturer, for supplies of steel not processed at a processing centre, or at the processing centre, to 25 samples, applying the data obtained from the general formula for systematic factory checks (see also § 11.3.2.10.1.3).
A further negative outcome shall result in the lot being deemed unfit for use and the results shall be sent to the manufacturer, for supplies of steel not processed at a processing centre, or at the processing centre, which must include them among the statistical test results in relation to its production. Similar rules apply to welded joint ductility, bond and separation tests: a single negative outcome from the first sample shall result in the examination of six new samples of the same diameter, with an additional negative outcome resulting in the lot being deemed unfit for use.
The Project Manager must also report the anomalous result to the Central Technical Service.
The certificates relating to the steel mechanical tests must also indicate the identifying mark referred to in § 11.3.1.4 of these technical regulations, taken on the specimens submitted for testing by the test laboratory charged with the testing. Where the samples do not bear such marking, or the mark is not one of those filed with the Central Technical Service, this must be specifically indicated on the test certificate.
The sampling of specimens is done by the Project Manager or an authorised technician who must ensure, by applying initials, durable labels, etc., that the specimens sent for testing to the approved laboratory are those sampled by him. 
Where a supply of formed or assembled elements derives from a processing centre, the Project Manager, after having ascertained that the processing centre meets the requirements referred to in § 11.3.1.7, may visit the processing centre and conduct all of the acceptance tests provided for in this section. In such case, the sampling of specimens is done by the Technical Director of the processing centre in accordance with the Project Manager's instructions; the latter must ensure, by applying initials, durable labels, etc., that the specimens sent for testing at the laboratory referred to in Article 59 of Presidential Decree No 380/2001 approved to perform site acceptance tests are the ones having been sampled, and must sign the related request for testing indicating the structures to which each sample refers. Where the requests for testing are not signed by the Project Manager, the certificates issued by the laboratory shall not be valid in accordance with the aforesaid decree, which must be specifically mentioned on the certificate.
Test certificates issued by laboratories must contain at least the following:
–
identification of the issuing laboratory;
–
unique identification of the certificate (serial number and issue date) and of each page thereof, as well as the total number of pages; 
–
identification of the Client of the construction works in progress and of the site in question; 
–
name of the Project Manager requesting the test; 
–
description and identification of the specimens to be tested; 
–
date of receipt of the samples and date of performance of the tests; 
–
identification of the test specifications or description of the method or procedure adopted, indicating the reference standards used; 
–
measured dimensions of the tested specimens; 
–
values measured and outcome of the bending tests. 
The certificates must also indicate the identifying mark taken by the approved test laboratory on the specimens submitted for testing. Where the samples do not bear such marking, or the mark is not one of those filed with the Central Technical Service, the certificates issued by the laboratory shall not be valid in accordance with these regulations, which must be specifically mentioned on the certificate. 
11.3.3.
STEEL FOR PRE-STRESSED REINFORCED CONCRETE
Only steels qualified according to the procedures referred to in § 11.3.1.2 above and tested following the procedures referred to in § 11.3.3.5 are permitted for use. 
11.3.3.1
Size and use characteristics 
Steel for pre-stressed reinforcement is generally supplied in the form of:
Wires: a solid extruded product that can be supplied in rolls or bundles;
Bar:
a solid-section rolled product that can only be supplied in the form of straight elements, whose final characteristics may be provided by means of heat or mechanical treatment after rolling; 
Braids:
products formed by 2 or 3 extruded wires of the same nominal diameter wound around a common longitudinal axis, supplied in rolls or coils; the spacing and direction of the winding are the same for all wires on the braid; 
Strand:
a product formed by six extruded wires wound around a straight extruded wire that is covered entirely by helical wires, supplied in coils. The winding spacing and direction are the same for all wires on the same external layer. 
For any aspects not specified in this section concerning wires, braids and strands, reference should be made to standards UNI 7675:2016 and UNI 7676:2016.
Wires may have a circular or other form of cross-section and must be made from wire rod with a chemical composition that conforms to one of the following standards: 
· UNI EN ISO 16120-2:2017,
· UNI EN ISO 16120-4:2017.
Wires are identified by their nominal diameter or the equivalent nominal diameter referring to the circular cross-section of equal mass. Wires may have a smooth or indented surface.
The use of smooth wires is not permitted in pre-stressed reinforced structures. 
Braid wires may be smooth or indented. Wires in the outer layer of strands may be smooth or indented. Strand and braid wires may be made from wire rod with uniform mechanical characteristics and chemical compositions and which conforms one of the following standards:
· UNI EN ISO 16120-2:2017,
· UNI EN ISO 16120-4: 2017.
The indentation process must be completed prior to braiding or stranding, for braids and strands, respectively.
Compacted strands may be produced for extrusion or rolling after stranding and prior to heat treatment. Where stranding and compacting are carried out simultaneously, the straight centre wire must be of a diameter at least equal to that of the external wires.
Bars may be smooth or partially or continuously threaded, with ridges or ribs; they are identified by their nominal diameter in the case of smooth bars or by the equivalent nominal diameter referring to the circular cross-section of equal mass for non-smooth bars. Threaded bars must have a thread with a uniform spacing which does not exceed 0.8 times the nominal diameter. Continuously or partially threaded bars, with ridges or ribs, must have a surface geometry that conforms to the indications given in § 11.3.3.5.2.3. 
With respect to product markings, generally comprising a seal or label on links, the indications given in § 11.3.1.4 apply. Bars with ridges or ribs must be supplied with a marking affixed to each individual bar.
For documentation provided with supplies, the indications given in § 11.3.1.5 apply. Supplies must also be accompanied by a type 3.1 certificate of quality and conformity issued in accordance with standard UNI EN 10204.
Strands and braids may be produced and supplied with a protective sheath, or protected with wax or grease in addition to a sheath. The characteristics of the sheath, wax and grease are specified in standard UNI 7676:2009.
All products may be supplied with a surface protection comprising a layer of zinc. The zinc galvanisation procedure must be conducted as specified in UNI 7675:2009 and UNI 7676:2009. The thickness of the zinc layer or the quantity of zinc per unit of length of product must be verified according to the specifications given in UNI 7675:2009 and UNI 7676:2009.
Wires must be supplied in rolls of such a diameter that, upon unwinding, a 10 m section along the ground does not present any curvature of a camber exceeding 400 mm; the manufacturer must indicate the minimum winding diameter.
Wires must be free of welds. 
Welds are permitted in wires intended for the production of braids or strands if performed prior to extrusion; welds are not permitted during cord production. 
At the time of installation, steels must be free of rust, corrosion, visible surface defects or bends. 
Rust that disappears completely by rubbing with a dry cloth is permitted. 
No straightening procedures are permitted on site. 
With reference to welding procedures and the qualifications of welders used for welded bar joints, standards UNI EN ISO 17660-1:2007 on load-bearing welded joints and UNI EN 17660-2:2007 on non-load-bearing welded joints apply. 
11.3.3.2
Product characteristics 
Steels for pre-stressed reinforcements must have manufacturer-guaranteed mechanical and ductility properties at least equal to those indicated in the following Table 11.3.VIII: 
Table 11.3.VIII 
	Type of steel
	Bars
	Wires
	Strands and braids
	Compacted strands

	Characteristic maximum load stress
fptk N/mm2
	(≥ 1 000
	≥ 1 570
	≥1 860
	≥ 1 820

	Characteristic stress at 0.1 % residual deformation - deviation from proportionality
fp(0.1)k N/mm2
	na
	≥ 1 420
	na
	na

	Characteristic stress at 1 % total deformation……fp(1)k N/mm2
	na
	na
	≥1 670
	≥ 1 620

	Characteristic yield stress fpyk N/mm2
	≥ 800
	na
	na
	na

	Total elongation at maximum load Agt
	≥ 3.5
	≥ 3.5
	≥3.5
	≥ 3.5


na=not applicable
For the modulus of elasticity, see the manufacturer’s catalogue.
The following parameters: (, A, M, Z, fptk, fp(0,1)k fpyk, fp(1)k, fp(0,1)/fpt, fpy/fpt, fp(1)/fpt, fpt/fptk, Agt, Ep, l, N, α (180 °), N, L, , p, t shall be guaranteed by the manufacturer and the corresponding guaranteed value shall be stated in the relevant catalogue. 
Control of the above parameters is to be carried out according to the procedures and requirements indicated in the following points. 
Therefore, the values of the parameters: 
(, A, M
are compared with those deriving from application of the tolerances provided in § 11.3.3.5.2.3 to the nominal values; 
fptk, fpyk fp(1)k, fp(0,1)k
obtained by applying to the individual values fpt, fpy, fp(1), fp(0.1) the formula xk = 
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– k s , are compared against the corresponding guaranteed characteristic values stated in the manufacturer's catalogue and those in Table 11.3.VIII; in the formula above, the understanding is that:
xk = characteristic value of the parameter;
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= average value of the individual values in consideration;
k = coefficient indicated in Table 11.3.IV based on the number n of individual values in consideration;
s = standard deviation of the distribution of the individual values;
fp(0,1)/fpt, fpy/fpt, and fp(1)/fpt
obtained as the ratio between the individual values fp(0.1), fpy, fp(1)and the corresponding value at maximum load fpt, must be between the minimum and maximum values indicated in § 11.3.3.5.2.3 below;
fpt/fptk, Agtare compared, respectively, with the corresponding maximum value indicated in § 11.3.3.5.2.3 and the minimum value shown in Table 11.3.VIII;
l
is compared with the information in Table 11.3.X;
N, α (180 °)
are compared with those referred to in § 11.3.3.5.2.3; 
Ep, D, L, 
conform to those referred to in § 11.3.3.5.2.3;
Z, p
are compared with the corresponding limit values indicated in § 11.3.3.5.2.3 below;
t
is compared with the corresponding limit values indicated in § 11.3.3.5.2.1 below.
The form of the force-deformation diagram obtained in the stress test is also taken into consideration. 
11.3.3.3
Pre-stress losses due to relaxation 
Pre-stress losses due to relaxation must refer to the percentage value obtained in testing after 1 000 hours after tensioning 1 000). The initial test stress (spi) must be equal to 70 % of the value fpt taken as the average maximum load stress obtained on two specimens sampled adjacent to that being tested.
The loss due to relaxation value after 1 000 hours (1 000) may not exceed that indicated in Table 11.3.IX.
In the absence of specific tests, the values of (1 000 may be taken from Table 11.3.IX. 
Table 11.3.IX
	Product reinforcement
	(1 000

	Stabilised braid, wire or strand 
	2.5 

	Hot-rolled bars 
	4.0 


The sagging of reinforcements that undergo a thermal cycle after tensioning must be assessed in testing. 
11.3.3.4
Processing centres 
Processing centre, with respect to steels for pre-stressed reinforced concrete, means any fixed or mobile plant external to the factory and/or site which receives basic elements (wires, braids, strands, bars, etc.) from the steel manufacturer and produces structural elements that are ready for direct installation on site. 
11.3.3.5
Test procedures for pre-stressed reinforced concrete steels 
11.3.3.5.1
Common requirements – Sampling methods 
Specimens used in testing:
–
must not be wound with a diameter less than that of the original coil or roll;
–
must be sampled in the lengths required by the approved test laboratory and in a sufficient number so as to perform any subsequent control tests or repetitions and must be individually signed; 
–
must be adequately protected during transportation. 
11.3.3.5.2
Systematic factory checks 
11.3.3.5.2.1
Qualification tests 
The approved laboratory must draw at the production facility, a set of 50 samples, 5 per batch, from 10 different production batches. The 10 production batches used for the qualification tests must comprise products of the same type and of the same nominal strength, but not necessarily the same diameter or characteristic formation. The diameters of the products subject to testing must include the minimum and maximum values for which the manufacturer requests qualification. With respect to strands and braids, it is understood that the characteristics of homogeneity and production continuity referred to in the production batch definition given in § 11.3.1.1, extend to all wires which make up the product. Steels must be grouped into categories in the manufacturer’s catalogue for qualification purposes. 
The five specimens taken from each batch are sampled from different bundles, rolls or coils. Each specimen must bear specific markings identifying the batch and the roll, coil or bundle from which it derives. 
On the set of 50 specimens, the parameters (, A, M, Z, fpt, fpy, fp(0.1), fp(1), l, Ep, Agt, N, α (180 °) are determined under the control of a laboratory referred to in Article 59 of Presidential Decree No 380/2001. The tests may be conducted in the presence of technicians from the approved laboratory at the laboratory of the production facility provided that the regulations on the verification of equipment calibration are observed. 
The characteristic values fptk, fpyk, fp(0.1)k, fp(1)k obtained from the statistical processing of the results with relation to point 11.3.3.2, must comply with the minimum values referred to in Table 11.3.VIII, or with those declared and guaranteed by the manufacturer.
The standard deviations of the respective distributions must not exceed 3% of the average value for fpt, and 4 % for fpy, fp(0.1), fp(1).
The value of the ratios fp(0.1)/fpt, fpy/fpt, and fp(1)/fpt and the maximum load stress fpt may not exceed the limits indicated in § 11.3.3.5.2.3.
All total elongation Agt values must be at least equal to those indicated in Table 11.3.VIII.
The following are also then determined:
-
pre-stress loss due to relaxation, r, on specimens deriving from four batches, with three specimens taken from each batch.
-
fatigue limit, L, under axial load, with the procedure indicated in point 6.8.4 standard UNI EN 1992-1-1:2005.
-
the parameter D, for strands of a diameter of 12.5 mm or greater, on specimens taken from five batches. For each batch, the number of specimens is indicated in UNI EN ISO 15630-3:2010. The result must be compared with the limit specified in § 11.3.3.5.2.3.
-
the time to failure t with stress corrosion tests, in accordance with UNI EN ISO 15630-3:2010 solution A, conducted on three batches at a number of 6 per batch. The nominal diameter of the chosen batches may be different. In each case, for at least one of the batches, the diameter must be the smallest of those pertaining to the production range to which the qualification refers and present at the time of the test. The result must be compared with the limits specified in § 11.3.3.5.2.3.
-
the time to failure t2 with stress corrosion tests, in accordance with UNI EN ISO 15630-3:2010 solution B, conducted on two batches at a number of 1 per batch. The nominal diameter of the two chosen batches must be different. In each case, for at least one of the batches, the diameter must be the smallest of those pertaining to the production range to which the qualification refers and present at the time of the test. The result obtained from the test may not be less than 2 000 hours. 
The tests to determine r, L, D and t, must be conducted in the laboratory referred to in Article 59 of Presidential Decree No 380/2001. All test results must be positive in regard to the manufacturer’s guaranteed relaxation value and to the requirements contained in § 11.3.3.5.2.3 for the remaining parameters.
Finally, the following are determined:
-
minimum value of the ratio between the diameter of the central wire and that of the peripheral wires on one specimen per batch of strands;
-
coil spacing in one specimen per batch of braids and strands;
-
bending behaviour of the central wire in one specimen per batch of strands;
-
necking to failure rate Z in one specimen for each batch in the case of braids and strands;
-
depth of indentations for indented products;
verifying that the results obtained all conform to the limits given in § 11.3.3.5.2.3.
11.3.3.5.2.2
Quality checks 
With respect to the quality check, the approved laboratory must conduct spot checks on a sample of five specimens taken from one batch for each reinforcement category. The test is performed on a minimum of six batches every three months to be sampled in no less than three spot checks. From said specimens the laboratory determines the values of parameters (, A, M, L, fpt, 1, fpy, , fp(1), fp(0.1), fp(0.1)/fpt, fpy/fpt, and fp(1)/fpt, Ep, N, Agt , α (180 °). 
The characteristic values fptk, fpyk, f(0.1)k, fp(1)k calculated according to the formula given in § 11.3.3.5.2.1 above, must respect the minimum values referred to in Table 11.3.VIII, or the values declared by the manufacturer. 
If the standard deviations exceed 3 % of the average value for fpt, and 4 % for fpy, f(0.1), fp(1), the test shall be suspended and the qualification procedure must be restarted. 
Where the characteristic values fptk, fpyk, f(0.1)k, fp(1)k are less than the minimum values referred to in Table 11.3.VII, or the values of the ratios fp(0.1)/fpt, fpy/fpt, and fp(1)/fpt do not fall within the limits set out in § 11.3.3.5.2.3, the approved laboratory shall suspend the quality check and inform the Central Technical Service which shall authorise the laboratory referred to in Article 59 of Presidential Decree No 380/2001 to repeat the qualification tests only once the manufacturer has remedied the causes of the unsatisfactory result and following a new inspection, where appropriate.
Calculation of the characteristic value of the parameters fpt, fpy, fp(0.1), fp(1)must be done based on 10 sets of five specimens, taken from the products subject to qualification, to be updated with each sampling, adding the new set and eliminating the previous one in chronological order. The new mean and standard deviation values obtained are then used to determine the new characteristic stresses, replacing the previous ones and still assuming n = 50.
For the parameters r and fatigue strength, the tests are performed once every six months, both on three specimens taken from the same batch for each category of reinforcement.
The parameter D, for strands of a diameter of 12.5 mm or greater, is determined once every six months on specimens taken from one batch, in the number referred to in UNI EN ISO 15630-3:2010. 
Stress corrosion tests for determining time to failure t are performed once every six months on one batch, with six specimens per batch.
 The tests to determine r, D and t and for the assessment of fatigue strength must be conducted in the laboratory referred to in Article 59 of Presidential Decree No 380/2001. All test results must be positive in relation to the value indicated in Table 11.3.VIII for loss due to relaxation and to the limits given in § 11.3.3.5.2.3 for the parameters D and t.
On one specimen per batch of strands, the ratio between the diameter of the central strand and that of the peripheral strands is determined and compared with the limits indicated in § 11.3.3.5.2.3.
On one specimen per batch of braids and strands, the necking to failure rate Z is calculated and the coil spacing referred to in § 11.3.3.5.2.3 is measured.
The laboratory referred to in Article 59 of Presidential Decree No 380/2001 shall conduct the aforementioned samples and, where possible, cover all diameters included in the range subject to qualification.
11.3.3.5.2.3
Determination of properties and tolerances 
Unless otherwise specified, the determinations and measures referred to in this section shall be conducted, for wires, braids, strands and bars, according to the indications given in the relevant parts of standards UNI EN ISO 15630-1, 2 and 3.
The values of the stresses fpt, fpy, fp(0.1), fp(1) must refer to the nominal value of the area of the cross-section indicated in the manufacturer’s catalogue.
Diameter (Ø), area of cross-section (A) and mass per unit of length (M)
The cross-section area is assessed by weight, assuming that the density of the steel is 7.81 kg/dm3 for wires, braids and strands and 7.85 kg/dm3 for bars. 
Where required, the diameter of smooth wires and smooth bars is measured using an appropriate instrument with a guaranteed reading accuracy of 0.01 mm or greater. 
The mass value obtained, must refer to one metre of length of product.
For the nominal areas of the cross-sections of wires, bars, braids and strands, a tolerance of ± 2 % is permitted. The tolerance for bars is between -2 % and +6 %. The same tolerances apply to the nominal mass per unit of length declared by the manufacturer. 
In static calculations, the nominal cross-section areas are adopted. 
Straightness
Products supplied in rolls or coils must have such a winding radius that, upon unwinding, a 1 m section along the ground does not present any curvature of a camber exceeding 25 mm; the manufacturer must specify the minimum winding diameter for the product. In the case of wires supplied in bundles, the maximum curvature as referred to above is 10 mm. For bars, the maximum deviation from straightness, measured over any length, must not exceed 4 mm per metre of length.
Ovality
The ovality of smooth wires, defined as the difference between the maximum and minimum diameter measured, must not exceed 2/100 of their nominal diameter. Dimensions are to be measured using an instrument that has a guaranteed reading accuracy of 1/100 mm or greater. The average diameter, understood as the average measurement of two orthogonal diameters between them of which one is the maximum from those obtained, must be equal to the nominal diameter declared by the manufacturer with a tolerance of ± 1 %.
Coil spacing (p)
The coil spacing for wires in braids must be between 14 and 22 times their nominal diameter.
The coil spacing for the external wires of strands must be between 14 and 18 times their nominal diameter.
Diameter of braid and strand wires
The ratio between the diameter of the internal wire and that of each of the external wires in a smooth or indented wire strand must be at least 1.03.
This is to be measured using an instrument with a guaranteed resolution of 0.01 mm or greater.
Dimensions of indentations in indented products
In indented wires, braids and strands, the dimensions of the indentations must comply with the indications given in Table 11.3.X.
Table 11.3.X - Dimensions and tolerances for indentations in indented wires, braids and strands (mm).
	Nominal diameter of the product Ø
	Maximum indentation depth limits
	Length of indentations and relative tolerance “l”
	Distance between indentations and relative tolerance

	Wires
	Ø ≤ 5 mm
	Minimum = 0.03
Maximum = 0.16
	3.5 ± 0.5
	5.5 ± 0.5

	
	5 mm < Ø ≤ 8 mm
	Minimum = 0.05
Maximum = 0.20
	5.0 ± 0.5
	8.0 ± 0.5

	
	8 mm < Ø ≤ 11 mm
	Minimum = 0.05
Maximum = 0.25
	
	

	Braids and strands
	Ø ≤ 12 mm
	Minimum = 0.03
Maximum = 0.09
	3.5 ± 0.5
	5.5 ± 0.5


	
	Ø > 12 mm
	Minimum = 0.04
Maximum = 0.10
	
	


Necking rate (Z)
The minimum necking rate Z, referring to the cross-section of the wires which make up braids and strands, is 25 % for smooth wires and 20 % for indented wires.
For smooth wires, the parameter Z must not be less than 25 %. This limit is reduced to 20 % for indented wires.
Bars are required to have a ductile failure (with necking) visible to the naked eye.
Maximum load stress (fpt) 
The value of fpt is determined based on the stress test. The maximum load stress must not exceed the characteristic value guaranteed by the manufacturer, increased by 15 %.
Stress deviation from proportionality 0.1 % (fp(0.1))
The stress value fp(0.1) is taken from the corresponding force-deformation diagram, obtained through stress tests.
Yield stress (fpy) 
For bars, the yield stress fpy is taken from the corresponding force-deformation diagram, obtained through stress tests.
Modulus of elasticity (Ep)
Modulus of elasticity Ep is understood as the ratio between the average stress difference and the corresponding deformation difference, assessed for the stress interval (0.2-0.7) fptthe corresponding force-deformation diagram obtained through the stress test.
Deviations of ± 5 % from the manufacturer's declared value are tolerated.
Stress at 1 % total deformation (fp(1))
The stress value at a total deformation of 1 % is taken from the force-deformation diagram obtained through the stress test.
Limits applicable to the ratio between stresses fp(0.1), fpy, fp(1) and the maximum load stress fpt
The values of fp(0.1)/fpt, fpy/fpt, and fp(1)/fpt obtained as the ratio between the individual values fp(0.1), fpy, fp(1) and the corresponding value at maximum load fpt must be between the limits of 0.87 and 0.95.
Total elongation under maximum load (Agt) 
Total elongation under maximum load is taken from the force-determination diagram obtained through the stress test. The basis of measurement of the extensometer must be in line with UNI 7676:2016 for strands and braids; UNI 7675:2016 for wires and ≥ 200 mm for bars.
Alternating bending test (N)
The alternating bending test is performed on wires with ( ≤ 8. 
The number of alternating bends to failure must not be less than four for smooth wires and three for indented wires. The same limits apply to the central wire in strands.
Bending test (α)
The bending test is performed on wires with ( ≥ 8 mm and on bars.
The bending angle must be 180° and the mandrel diameter must be:
5 ( for wires;
6 ( for bars with ( ≤ 26 mm
8 ( for bars with ( > 26 mm.
Fatigue resistance (L)
Tests to determine fatigue limit L and fatigue resistance are conducted with a pulsating-cycle axial stress, making the stress fluctuate between a high value (1 and a low value (2. The result of the fatigue resistance test is deemed satisfactory if the specimen withstands at least two million cycles without failing. 
In the fatigue resistance tests, the high test stress value, 1, must be equal to 70 % of the value taken as the average maximum load stress obtained on two specimens sampled adjacent to that being tested. The low test stress value, 2, is given in Table 11.3.XI.
Table 11.3.XI - Low test stress values,2 (MPa), in the fatigue resistance test
	Smooth wires, braids and strands with smooth wires
	Pa

	Indented wires, braids and strands with indented wires
	Pa

	Smooth bars
	 200 MPa (Ø ≤ 40 mm)
	 150 MPa (Ø > 40 mm)

	Threaded or indented bars
	 180 MPa (Ø ≤ 40 mm)
	 120 MPa (Ø > 40 mm)


The test frequency must not exceed 120 Hz for wires and bars and 20 Hz for strands.
Relaxation tests at ordinary temperature ()
Tests to determine loss of stress over time at a constant length and at the temperature T= 20 °C ± 1 °C must be conducted based on the initial stress spi from point 11.3.3.3 and for the established duration. The test diagrams obtained must be attached to the test certificate. The established duration of each individual test is 1 000 hours. Test times of 120 hours are permitted. For initial product qualification, all tests must have a duration of 1 000 hours. For the quality check, the tests must have a duration of 120 hours. The test results for each of the established durations must all be less than:
-
For braids, strands and wires: 1.5 % at 120 hours
-
For bars: 4% at 1 000 hours 
-
For all products: that established in Table 11.3.IX
The sample must be stressed for a section of at least 100 cm; consequently, the length of the specimen must be increased accordingly to take into account the length of the gripping devices. In the area subject to stress, the sample must not undergo any processing, mechanical deformation or cleaning whatsoever.
Tests to determine the average maximum load reduction rate D (deflected stress).
Tests to determine the average maximum load reduction rate D for deflected stress are required for strands with a nominal diameter of 12.5 mm or greater and for compacted strands. The limit value of D may not exceed 28 %.
11.3.3.5.2.4
Checks on individual production batches
In facilities subject to systematic controls, as referred to in this § 11.3.3.5.2, manufacturers may request the performance of tests, to be conducted by a laboratory as per Article 59 of Presidential Decree No 380/2001 approved to conduct quality checks on individual batches (maximum batch weight = 100 t) of products which, for production reasons, no longer meet the minimum quantitative requirements for qualification. The tests are those referred to in § 11.3.3.5.3 below.
11.3.3.5.3
Processing centre checks
The provisions for processing centres referred to in § 11.3.1.7 apply. 
Tests are mandatory and must be performed by the Technical Director of the processing centre.
The tests are carried out according to the procedures indicated below.
A sample of three specimens is taken for every 30 t of the same category of steel deriving from the same facility, even if part of subsequent supplies, on which tests are performed at a laboratory referred to in Article 59 of Presidential Decree No 380/2001 to determine the corresponding minimum values offpt, fpy, fp(1), fp(0.1), Agt and Ep.
The test results are considered acceptable if: 
· none of the stress values indicated above is less than the characteristic value declared by the manufacturer;
· none of the maximum load stress values fpt exceed the corresponding characteristic value, fptk increased by 15 %.
· none of the values of total elongation at maximum load Agt are below the limit in Table 11.3.VIII;
Should either the stress or total elongation at a maximum load fail to satisfy the corresponding condition, supplementary tests shall be performed on a sample comprising at least 10 specimens taken from a number of rolls, coils or bundles. If the number of rolls, coils or bundles is less than 10, two specimens from two different bars are to be taken from various bundles, while two specimens are to be taken from various rolls or coils, one from each end. 
Each specimen must bear specific markings identifying the batch and the roll, coil or bundle from which it derives.
Once the supplementary sample has been taken, tests shall be conducted at a laboratory referred to in Article 59 of Presidential Decree No 380/2001 to determine the values of fpt, fpy, fp(1), fp(0.1), Agt, Ep.
The supply is considered compliant if:
· the average of the results obtained for the parameters fpt, fpy, fp(0.1), fp(1) from the additional specimens is at least equal to the characteristic value guaranteed by the manufacturer and the individual values exceed the same characteristic value, less 1.5 %.
· the average of the results obtained for the parameter fpton the 10 additional specimens is at most, equal to 1.15 times the characteristic value fptk guaranteed by the manufacturer and the individual values are less than the same limit, plus 1.5 %.
· the average of the results obtained for the parameter Agt on the 10 additional specimens is at least equal to the limit indicated in Table 11.3.VIII and the individual values exceed the same limit, less 5 %.
A further negative outcome shall result in the supply being deemed unfit for use and the results shall be sent to the manufacturer, which must include them among the statistical test results in relation to its production.
In such case, the Technical Director of the processing centre must report the abnormal result both to the laboratory in charge of the test and to the Central Technical Service.
The sampling of specimens is done by the Technical Director of the processing centre who must ensure, by applying initials, durable labels, etc., that the specimens sent for testing at the approved laboratory are the ones having been sampled, and must sign the related request for testing indicating the days on which each supply was processed and the site or sites for which it is intended.
Where the requests for testing are not signed by the Technical Director, the certificates issued by the laboratory shall not be valid in accordance with the aforesaid decree, which must be specifically mentioned on the certificate.
The characteristics of the certificates issued by the laboratory are described in § 11.3.1.6, with the exception of the qualification mark, which is normally not present on pre-stressed reinforced concrete steel and for which reference may be made to any signs or to the data declared by the requesting party.
The Technical Director of the processing centre shall record all internal control test results in a specific register, which must be available for consultation upon request by authorised personnel.
All supplies deriving from a processing centre must be accompanied by the documentation referred to in § 11.3.1.7.
11.3.3.5.4
Site acceptance tests
Site acceptance tests must be performed according to the same indications given in § 11.3.3.5.3 above for every 30 t of the same category of steel deriving from the same facility, even if part of subsequent supplies.
The sampling of specimens is done in the presence of the Project Manager or an authorised technician who shall draw up a sampling report and identify the specimens by applying initials, durable labels, etc.; the certification by the material test laboratory must contain a reference to said report. Requests for tests sent to the approved laboratory must be signed by the Project Manager, who shall be responsible for the submission of samples.
The laboratory entrusted to perform the tests shall accept samples accompanied by a written letter of request from the Project Manager. The laboratory checks the condition of the specimens and reference documentation and, for any defects found in relation to the samples or where all or part of the instrumentation required for their identification is missing, the laboratory must suspend the tests and inform the Central Technical Service of the High Council of Public Works.
The sample may be taken by the same laboratory entrusted to perform the tests. Laboratories must store all tested samples for at least 30 days after the test certificates are issued for identification and tracking purposes.
For specimen sampling methods, test procedures, completion of certificates, acceptance of supplies and the procedures deriving from non-compliant results, the provisions set out in § 11.3.3.5.3 apply.
11.3.3.5.5
Products with sheathing or wax and sheathing.
Given that this involves additional processing, the original steels (strands for pre-stressed reinforced concrete) must already be qualified following the procedures described above.
For additional characteristics (protective material, quantity, sheaths, thickness, etc.) see the indications given in specification UNI 7676:2009.
11.3.3.5.6
Zinc-galvanised products.
The use of galvanised steels is permitted provided that their physical, mechanical and technological characteristics satisfy the steel requirements set out in this § 11.3.3.
The base material to be galvanised must be qualified at the source.
Site acceptance tests and the verification of the foregoing must be performed on the finished product, after galvanisation, at a laboratory referred to in Article 59 of Presidential Decree No 380/2001, in accordance with the indications given in § 11.3.3.5.4.
For types of zinc-coating tests (surface quality, coating adhesion, mass of coating per unit of surface area), reference may be made to standards UNI 7675: 2016 and UNI 7676:2016.
11.3.3.5.7
Test certificates issued by the laboratory referred to in Article 59 of Presidential Decree No 380/2001.
The test certificates issued by the laboratory referred to in Article 59 of Presidential Decree No 380/2001 following the tests indicated in § 11.3.3.5.2.1 and 11.3.3.5.2.2 must specify both the values of the forces Fpt, Fpy, Fp(0.1), Fp(1), obtained from individual tests, and the corresponding stress values fpt, fpy, fp(0.1), fp(1) calculated with reference to the nominal cross-section areas of the specimens subject to testing. In certificates issued by the said laboratory relating to tests in which statistical reports of the results are not required, or where the only reference for the performance of the test is the maximum load value obtained on twin specimens (relaxation test, fatigue test, stress corrosion test, etc.), the test data may be expressed solely in terms of force Fpt.
11.3.4.
STEEL FOR METAL STRUCTURES AND COMPOUND STRUCTURES
11.3.4.1
General provisions
For the construction of metal structures and compound structures, the steels used must be compliant with harmonised standards UNI EN 10025-1, UNI EN 10210-1 and UNI EN 10219-1 on CE marking, subject to the system of assessment and verification of constancy of performance 2+, and for which reference is made to point A of § 11.1. For products for which CE marking is not required, reference is made to point B of § 11.1 and the procedure set out in § 11.3.1.2 and § 11.3.4.11.1 applies.
For metal pilings and galvanised strips of a thickness ≤ 4 mm, reference is made to UNI EN 10248-1:1997 and UNI EN 10346:2015, respectively.
For stainless steels, see § 11.3.4.8.
For the identification and qualification of structural steel elements manufactured in series in metal fabrication and structural element manufacturing facilities, the specifications in point 11.1, case A) apply, in accordance with harmonised European standard UNI EN 1090-1.
The declaration of performance and labelling are subject to the methods envisaged in the harmonised European standards, and in particular:
· Declaration of the geometric characteristics and properties of the material.
· Declaration of performance of components, to be assessed applying the Eurocode National Annexes in force. 
· Declaration based on a given design specification, for which these technical regulations apply. 
For the purposes of acceptance and use, all structural components or systems must, in any case, satisfy the requirements set out in this regulation; in particular, base materials must be qualified at the source in accordance with § 11.1.
To ascertain the mechanical characteristics indicated below, the sampling of specimens, their position in the piece from which they are to be sampled, the preparation of test pieces and the test procedures must meet the requirements of standards UNI EN ISO 377:2017, UNI EN ISO 6892-1:2016, UNI EN ISO 148-1:2016. 
11.3.4.2
Rolled steels
Rolled steels for general use in the construction of metal structures and for compound structures include:
Long products
–
merchant bars (angles, L, T, plates and other shaped products);
–
HE and IPE type parallel flange beams, IPN beams;
–
U rolls;
–
pilings.
Flat products
–
rolls and plates;
–
strips;
–
galvanised strips of a thickness ≤ 4 mm.
Hollow sections
–
hot-finished pipes
Derivative products
–
welded beams (taken from hot rolls or strips);
–
cold-formed sections (taken from hot strips);
–
welded pipes (cylindrical or shaped from hot strips);
–
corrugated sheets (taken from hot strips).
11.3.4.2.1
Rolled product testing
Tests on rolled products are to be carried out in accordance with the requirements specified in § 11.3.4.11.
11.3.4.2.2
Rolled product supply
For documentation provided with supplies, the indications given in § 11.3.1.5 apply.
11.3.4.3
Steel for castings
The creation of casting parts must be done using steels compliant with standard UNI EN 10293:2015.
Where such steels are to be welded, they shall be subjected to the same chemical composition limits for rolled steels of a similar strength.
11.3.4.4
Steel for welded structures 
Steels for welded structures, in addition to satisfying the conditions indicated in § 11.3.4.1, must have a chemical composition compliant with that indicated in the applicable harmonised European standards, as referred to in point 11.3.4.1. 
11.3.4.5
Welding process 
Steel welding must follow one of the arc welding procedures codified according to standard UNI EN ISO 4063:2011. The use of different procedures is allowed provided that they are supported by adequate theoretical and test documentation. 
Welders in semi-automatic and manual procedures, must be qualified by a third-party entity in accordance with standard UNI EN ISO 9606-1:2017. In addition to the requirements set out in said standard, welders performing T-joints using fillet welds must be specifically qualified; the performance of butt joints does not constitute sufficient qualification. 
Operators of automatic or robotic procedures must be certified in accordance with standard UNI EN ISO 14732:2013. All welding procedures must be qualified by WPQR (welder performance qualification record) in accordance with standard UNI EN ISO 15614-1:2017. 
Macrograph hardness tests must not exceed 350 HV30. 
For arc stud welding of metallic materials (drawn arc stud welding and capacitor discharge stud welding with tip ignition) standard UNI EN ISO 14555:2017 applies; accordingly, the quality requirements indicated in Table A1 of Annex A to the same standard also apply. 
Qualification tests for welders, operators and procedures must be conducted by a third-party entity; in the absence of specific requirements, said entity shall be chosen by the developer according to criteria of competence and independence. 
The characteristics of ductility, yield, strength and tenacity in the molten zone and in the heat-affected zone must not be less than those of the base material. 
Welds are to be performed in accordance with standards UNI EN 1011-1:2009 and UNI EN 1011-2:2005 for ferritic steels and UNI EN 1011-3:2005 for stainless steels. Edge preparation, except in specific cases, is subject to UNI EN ISO 9692-1:2013. 
Welds are to be subjected to final non-destructive tests to ascertain their conformity with the level of quality established by the engineer based on the standards applied in the design.
In the absence of such data, level C from standard UNI EN ISO 5817:2014 shall be adopted for structures not subject to fatigue, and level B for structures subject to fatigue. 
The nature and the type of such destructive and non-destructive tests, in addition to the 100 % visual inspection, are to be defined by the inspector and by the Project Manager; for fillet welds or partial penetration joints, superficial methods (e.g. penetrating liquids or magnetic powders) shall be used, whereas for full penetration joints, in addition to the indications above, volumetric methods shall be used, i.e. x-rays/gamma rays or ultrasound for butt joints and ultrasound only for full penetration T-joints. 
For test procedures and acceptability levels, reference may be made to the requirements set out in standard UNI EN ISO 17635. 
All operators conducting the tests must be qualified in accordance with at least level two of standard UNI EN ISO 9712:2012. 
In addition to the requirements applicable under § 11.3.1.7, the developer must satisfy the following requirements. 
In regard to the types of structures made using welded joints, the developer must be certified in accordance with standard UNI EN ISO 3834:2006 parts 2, 3 and 4. The requirements are summarised in Table 11.3.XII below. 
Certification of the company and its personnel must be issued by a third-party entity chosen, in the absence of other requirements, by the developer according to criteria of independence and competence. 
Table 11.3.XII 
	Type of action on structures
	Structures subject to non-significant fatigue
	Structures subject to significant fatigue

	Reference
	A
	B
	C
	D

	Base material: 
Minimum thickness of members 
	S235, s ≤ 30 mm
S275, s ≤ 30 mm 
	S355, s ≤ 30 mm 
S235 
S275 
	S235 
S275 
S355 
S460, s ≤ 30 mm 
	S235 
S275 
S355 
S460 (Note 1) 
Stainless steels and other steels not specifically mentioned (Note 1)

	Level of quality requirements in accordance with standard UNI EN ISO 3834:2006 
	Basic 
UNI EN ISO 3834-4 
	Standard 
UNI EN ISO 3834-3 
	Standard 
UNI EN ISO 3834-3 
	Complete 
UNI EN ISO 3834-2 

	Level of technical knowledge of staff in welding coordination in accordance with UNI EN ISO 14731:2007 
	Basic 
	Specific 
	Complete 
	Complete 


Note 1) also applies to structures not subject to significant fatigue 
11.3.4.6
Bolts and rivets 
11.3.4.6.1
Bolts with “uncontrolled tightening”
Screw/nut/washer assemblies in ‘non-preloaded’ joints are subject to the specifications in § 11.1, point A in accordance with harmonised European standard UNI EN 15048-1.
Alternatively, high-strength assemblies compliant with harmonised European standard UNI EN 14399-1 are suitable for use in non-preloaded joints.
Steel screws, nuts and washers must be associated as in Table 11.3.XIII.a.
Table 11.3.XIII.a 
	Screws
	Nuts
	Washers
	Reference

	Strength class 
UNI EN ISO 898-1:2013
	Strength class 
UNI EN ISO 898-2:2012
	Hardness
	

	4.6
	4; 5; 6 or 8
	100 HV min.
	UNI EN 15048-1

	4.8
	
	
	

	5.6
	5; 6 or 8
	
	

	5.8
	
	
	

	6.8
	6 or 8
	
	

	8.8
	8 or 10
	100 HV min or 300 HV min.
	

	10.9
	10 or 12
	
	


The yield fyb and failure ftb stresses of screws belonging to the classes indicated in the previous Table 11.3.XIII.a are shown in the following Table 11.3.XIII.b: 
Table 11.3.XIII.b 
	Class 
	4.6 
	4.8
	5.6 
	5.8
	6.8 
	8.8 
	10.9 

	fyb (N/mm2)
ftb (N/mm2)
	240
400
	320
400
	300
500
	400
500
	480
600
	640
800
	900
1 000


11.3.4.6.2
Bolts with “controlled tightening”
Screw/nut/washer assemblies in ‘preloaded’ joints are subject to the specifications in § 11.1, point A in accordance with harmonised European standard UNI EN 14399-1.
Steel screws, nuts and washers must be associated as in Table 11.3.XIV.
Table 11.3.XIV 
	System
	Screws
	Nuts
	Washers

	
	Strength class
	Reference
	Strength class
	Reference
	Hardness
	Reference

	HR
	8.8
	UNI EN 14399-1
	8
	UNI EN 14399-3
	300-370
HV
	UNI EN 14399
parts 5 and 6

	
	10.9
	UNI EN 14399-3
	10
	UNI EN 14399-3
	
	

	HV
	10.9
	UNI EN 14399-4
	10
	UNI EN 14399-4
	
	


11.3.4.6.3
Stainless steel fasteners 
Fasteners, comprising corrosion-resistant stainless steel screw/nut/washer assemblies, must satisfy the requirements given in UNI EN ISO 3506-1:2010 (Bolts, screws and studs), UNI EN ISO 3506-2:2010 (Nuts), UNI EN ISO 3506-3:2010 (Set screws and similar fasteners not under tensile stress) and UNI EN ISO 3506-4:2010 (Tapping screws). Such fasteners are subject to the provisions of § 11.3.4.8 for base materials and § 11.3.4.10 for bolt and rivet manufacturing facilities.
11.3.4.6.4
Rivets 
For hot rivets, the steels referred to in the relevant part of standard UNI EN 10263:2017 must be used. These are subject to the provisions of § 11.3.4.10 for bolt and rivet manufacturing facilities.
11.3.4.7
Pin connectors 
If using pin connectors, the steel used must be qualified and suitable for the connector formation process and compatible for welding with the constituent material of the structural element affected by the pins. The steel must have the following mechanical characteristics: 
–
percentage elongation at break (assessed on base
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,dove A0, where 0 is the area of the cross-section of the specimen) ≥ 12; 
–
ratio ft / fy ≥1.2. 
Where the connectors are fastened to structures using special welding procedures, with no filler metal, they must be made with steels with a chemical composition that complies with the following limitations: 
C ≤ 0.18 %, Mn ≤ 0.9 %, S ≤ 0.04 %, P ≤ 0.05 %
These are subject to the provisions of § 11.3.4.10 for facilities for manufacturing structural elements in series.
11.3.4.8
Stainless steels 
The use of stainless steel is permitted in the construction of metal and compound structures. 
The steels used must conform to harmonised standards UNI EN 10088-4 and UNI EN 10088-5 on CE marking and for which reference is made to the indications given in point A of § 11.1.
11.3.4.9
Steels for fabrication for structures subject to seismic actions
The steel used in members, welds and bolts must meet the requirements set out in these regulations. 
For dissipative areas, the following additional rules apply:
–
for steels for fabrication, the relationship between the characteristic failure stress ftk and yield stress fyk values must be greater than 1.10 and the elongation at break A5, measured on a standard specimen, must be no less than 20 %; 
–
the average yield stress fy,average must be less than 1.20 fy,kfor S235 and S275 steels, or 1.10 fy,kfor S355 S420 and S460 steels; 
–
bolted fasteners must be made with class 8.8 or 10.9 high-strength bolts. 
The value of the coefficient γov is specified in § 7.5.
Such requirements, where applicable, must be specified in the design documents and verified by the Project Manager.
11.3.4.10
Processing centres and steel element manufacturing centres
With respect to steels used in metal fabrication, for structural products and/or components for which CE marking does not apply, the following are defined:
–
Metal fabrication processing centres: preform centres and metal fabrication facilities. Processing centres must satisfy all of the requirements set out in § 11.3.1.7, unless otherwise specified in point 11.3.4.11.2.
–
Steel element manufacturing centres: centres which produce corrugated sheets and cold-formed sections, bolt and rivet manufacturing facilities, facilities for manufacturing structural elements in series. Manufacturers of specific steel elements are subject to the provisions of § 11.3.4.1 and § 11.3.1.7 for processing centres. The elements they produce in series are subject to the provisions of point 11.1.
The following specific facilities are defined:
–
preform or service centres: facilities that receive base elements (long and/or flat products) from steel manufacturers and create individual pre-formed elements that are subsequently used by metal fabrication facilities which, in turn, create complex structures for the construction industry;
–
metal fabrication facilities: facilities that receive base elements (long and/or flat products) from steel manufacturers or individual pre-formed elements from preform or service centres and create, for a specific order and based on a specific design, complex structures intended for a single specific building project;
–
facilities for the manufacturing of cold-formed products and corrugated sheets: all facilities that receive strips or sheets from steel manufacturers and create cold-formed sections, corrugated sheets and compound sheet panels, including those that are welded but are not subject to subsequent modification or heat treatment. In regard to materials subject to processing, reference may be made, in addition to the standards referred to in § 11.3.4.1 above, to standards UNI EN 10346, UNI EN 10268 and UNI EN 10149 (parts 1, 2 and 3). 
–
bolt and rivet manufacturing facilities: all facilities that receive base products from steel manufacturers and create the elements referred to in point 11.3.4.6. 
–
facilities for manufacturing structural elements: all facilities that receive qualified base products from steel manufacturers and create structural elements in series for use in constructions that do not fall under the previous categories. 
11.3.4.11
Test procedures for steel for fabrication 
11.3.4.11.1
Manufacturing facility tests 
The procedures set out in §§ 11.3.4.11.1.1, 11.3.4.11.1.2, 11.3.4.11.1.3, 11.3.4.11.1.4 and 11.3.4.11.1.5 below, apply only to the products referred to in point B of § 11.1.
11.3.4.11.1.1
Product divisions 
Products grouped both by casting and by production batch may be qualified. 
With respect to the qualification and control tests referred to in the following sections, the products within each product range referred to in § 11.3.4.2 can be grouped by ranges of thickness as defined in harmonised European standards UNI EN 10025-1, UNI EN 10210-1, UNI EN 10219-1, UNI EN 10088-4 and UNI EN 10088-5. 
In the same respect, where it is envisaged in the above-mentioned harmonised European standards, steels may also be grouped by grade (JR, J0, J2, K2), provided that they all offer the guaranteed characteristics of the highest grade. 
A production batch comprises a quantity of between 30 and 120 t, or a residual fraction, for each section, quality and thickness range without any reference being made to the castings used for their production. In regard to hollow sections, the production batch is the test unit as defined in harmonised European standards UNI EN 10210-1 and UNI EN 10219-1 based on the number of pieces. 
11.3.4.11.1.2
Qualification tests 
For purposes of qualification, notwithstanding the applicable provisions for the products referred to in the harmonised standards in force, the manufacturer must provide suitable documentation on the chemical (where relevant) and mechanical characteristics identified for the qualities and for the products it intends to qualify. 
The documentation must refer to production over a period of at least six months and to a sufficient quantity of products to provide a statistically significant framework of such production which, in any, case amounts to ≥ 500 t or a number of castings or batches ≥ 25. 
Such documentation must be based on test data recorded by the manufacturer and supplemented by the results from qualification tests performed by a laboratory referred to in Article 59(1) of Presidential Decree No 380/2001, appointed by the Central Technical Service at the proposal of the manufacturer. 
The qualification tests must refer to each type of product, identified by product range, thickness class and quality of steel, and must relate to the attainment of characteristic values; for each type at least 30 tests shall be conducted on 30 specimens taken from at least three different batches.
The documentation for the set of mechanical tests must be drawn up in statistical form calculating, for the yield and maximum load strength, the average value, standard deviation and relative characteristic value of the corresponding frequency distributions. 
11.3.4.11.1.3
Continuous production quality control 
The internal quality control department of the manufacturer’s facility must implement a specific procedure for keeping the entire production cycle under continuous control. 
For each casting or for each production batch, identified by a unique reference number, one specimen is sampled from the finished product for casting, with at least one specimen taken for every 80 t or one specimen per batch and at least one specimen for every 40 t or fraction; in regard to hollow sections, the production batch is defined by the relevant UNI product standards based on the number of pieces. 
From the aforesaid specimens, test pieces will be taken for determining the chemical and mechanical characteristics envisaged in harmonised European standards UNI EN 10025-1, UNI EN 10210-1, UNI EN 10219-1, UNI EN 10088-4 and UNI EN 10088-5, calculating in tonnes, the quantity of finished product to which the test refers. 
In regard to fy and ft the individual data collected, sorted by quality and product (based on size ranges), is drawn up in diagrams to give a statistical assessment of the manufacturing results over time with respect to the requirements in these technical regulations. 
All other data related to chemical, resilience and elongation characteristics is compiled in tables and archived, having verifying its compliance with standards UNI EN 10025-1, UNI EN 10210-1, UNI EN 10219-1, UNI EN 10088-4 and UNI EN 10088-5 with respect to chemical characteristics and, with respect to resilience and elongation, with the requirements referred to in the tables in the corresponding set of European standards UNI EN 10025 or in the tables in European standards UNI EN 10210 and UNI EN 10219 for hollow sections and UNI EN 10088-4 and UNI EN 10088-5 for stainless steels. 
For each casting or production batch, the manufacturer is responsible for identifying any abnormal results that set production off limits and for remedying the causes. The diagrams shown above must indicate any abnormal data. 
Once stamped as rejected, non-compliant products may not be used for structural purposes, and must be noted in specific records. 
All documentation collected by the manufacturer facility's internal quality control must be kept by the manufacturer. 
11.3.4.11.1.4
Periodic quality check 
The laboratory approved by the Central Technical Service at the manufacturer's proposal, shall perform periodic inspections at the manufacturer’s facility, of its own accord and at least every six months, during which it shall select three types of product, based on quality of steel, product range and thickness class, on which to perform at least 15 stress tests, using both specimens taken directly from products and specimens specifically set aside by the manufacturer, with at least 2 per casting or production batch, from the production during the previous visit. 
The approved laboratory shall also perform the other tests provided (resilience and chemical analysis) on test pieces taken from three samples for each type referred to above. 
Finally, it shall verify compliance with the minimum resilience values and the maximum chemical analysis values. 
Where the test results show non-compliance with the aforesaid limits, new specimens (of the same number) are taken and the tests are repeated. All findings must be recorded following the quality control procedures adopted by the manufacturer; the related batches may not be used for structural purposes.
Where the results from the repeated tests are still unsatisfactory, the approved laboratory shall suspend the quality checks and inform the Central Technical Service, which shall suspend the validity of the certificate of qualification. Once the manufacturer has remedied the causes of the unsatisfactory result and notified the Central Technical Service, the approved laboratory shall repeat the qualification. 
With respect to the periodic quality checks for steels referred to in § 11.3.4.1, with characteristics of types S235 and S355, a coefficient of variation of 8 % is used. 
For steels with a yield or failure superior to type S355, a coefficient of variation of 6% is used. 
For such steels, qualification is also permitted in cases of non-continuous production in the previous six months including where the minimum quantities are not met, with all other rules on qualification remaining applicable. 
11.3.4.11.1.5
Tests on individual castings 
In facilities subject to the systemic tests referred to in § 11.3.4.11.1, manufacturers may voluntarily request tests from the Central Technical Service, to be conducted by a laboratory referred to in Article 59(1) of Presidential Decree No 380/2001 on individual castings of products which, for production reasons, no longer meet the minimum quantitative requirements for qualification. 
The tests to be conducted are those relating to harmonised European standards UNI EN 10025-1, UNI EN 10210-1, UNI EN 10219-1, UNI EN 10088-4 and UNI EN 10088-5 and the values to be satisfied are those referred to in the tables in the corresponding set of European standards UNI EN 10025 or in the tables in the set of European standards UNI EN 10210 and UNI EN 10219 for hollow sections and UNI EN 10088-4 and UNI EN 10088-5 for stainless steels.
11.3.4.11.2
Tests in processing centres and steel element manufacturing centres
The procedures set out in §§ 11.3.4.11.2.1, 11.3.4.11.2.2, 11.3.4.11.2.3 and 11.3.4.11.2.4 below, apply only to the products referred to in point B of § 11.1 
11.3.4.11.2.1
Corrugated sheet and cold-formed section manufacturing centres 
In addition to the provisions of § 11.3.1.7 for processing centres, for corrugated sheets to be used in compound floor slabs (as referred to in § 4.3.6 of these regulations), the manufacturer must perform a specific test to determine the design longitudinal shear strength τu.Rd of the corrugated sheet. The test and the processing of the test results must comply with the requirements in Annex B.3 to standard UNI EN 1994-1-1:2005. This test and the processing of the test results must be performed by a competent laboratory as referred to in Article 59 of Presidential Decree No 380/2001. A copy of the test report must be sent to the Central Technical Service and the full report must be published in the product catalogue. 
The documents accompanying each in-situ supply must indicate the certification details of the product quality management system that oversees the processing (as referred to in § 11.3.1.7) and each in-situ supply, must be accompanied by a copy of the declaration specified above. 
The product users and/or the Project Manager are required to verify the foregoing and to refuse any non-compliant supplies.
Facility tests must be performed on at least two samples for every 10 t of steel of the same category deriving from that facility, even if acquired from different supplies, making sure to draw samples from different types of products.
11.3.4.11.2.2
Structural component pre-forming centres 
In general, the pre-forming centre must satisfy the requirements referred to in § 11.3.1.7 for processing centres and, in relation to tests and their certification, the indications given in § 11.3.4.11.2.3 below for metal fabrication facilities.
Within the production process, such facilities only perform roll flattening, cutting, boring and bending processes. The Technical Director of the pre-forming centre must ensure that the processes adopted do not alter the original mechanical characteristics. 
Where the products made by pre-forming centres are supplied to a metal fabrication facility or to a facility for the manufacturing of structural elements in series, as referred to in § 11.3.4.1, the latter must monitor the pre-forming centre's production process.
11.3.4.11.2.3
Metal fabrication facilities 
Metal fabrication facilities must satisfy the requirements set out in § 11.3.1.7 for processing centres, as well as the indications given in this section.
As part of the production process, particular attention must be paid to roll flattening, cutting, boring and bending processes and to welding processes. The Technical Director of the facility must ensure that the processes adopted do not alter the original mechanical characteristics. For welding, the requirements set out § 11.3.4.5 apply.
Facility tests are mandatory and must performed by the Technical Director following the procedures in § 11.3.1.7 above.
Facility tests must be performed on at least one sample for every 30 t of steel of the same category deriving from that facility, even if acquired at different times, making sure to draw samples from different types of products or different thicknesses.
The test data obtained must satisfy the requirements set out in the tables in the corresponding set of European standards UNI EN 10025 or in the tables in § 11.3.4.1 for hollow sections in regard to elongation and resilience, as well as the harmonised European standards UNI EN 10025, UNI EN 10210-1 and UNI EN 10219-1 for chemical characteristics. 
Each individual yield and failure value must not be less than the limits in the tables. 
It must also be verified that the manufacturing tolerances satisfy the limits indicated in the applicable European standards referred to above and that the assembly tolerances are within the limits indicated by the engineer. In their absence, a safety verification must be performed with reference to the new geometry. 
For test sampling and certification procedures, the indications given in § 11.3.2.10.3 apply.
The characteristics of the certificates issued by the laboratory are referred to in § 11.3.2.10.4, with the exception of the qualification mark, which is normally not present on steel for fabrication and for which reference may be made to any signs or to the data declared by the manufacturer. 
The Technical Director of the facility shall record all internal control test results in a specific register, which must be available for consultation upon request by authorised personnel. 
All supplies deriving from a facility must be accompanied by the documentation referred to in § 11.3.1.7. 
11.3.4.11.2.4
Bolt and rivet manufacturing facilities 
Bolt and rivet manufacturing facilities must satisfy the requirements set out in § 11.3.1.7 for processing centres, as well as the indications given in this section.
Manufacturers of bolts and rivets for metal fabrication must implement a production process quality management system to ensure that the product meets the requirements set out in these regulations and that such requirements are constantly maintained until in-situ installation. The product quality management system overseeing the manufacturing process must be implemented in accordance with standard UNI EN ISO 9001 and certified by an independent third party of a sufficient level of competence and organisation and operating in accordance with standard UNI CEI EN ISO/IEC 17021-1.
Facility tests are mandatory and must be performed by the Technical Director of the facility, conducting at least one bolt or rivet stress test for every 1 000 products.
The documents accompanying each in-situ supply of bolts or rivets for fabrication must indicate details of the certificate of filing of the documentation with the Central Technical Service.
11.3.4.11.3
Site acceptance tests 
Site acceptance tests, to be performed at a laboratory referred to in Article 59 of Presidential Decree No 380/2001, are mandatory for all supplies of elements and/or products, irrespective of their origin and the type of qualification.
The sampling of specimens is done in the presence of the Project Manager or an authorised technician who shall draw up a sampling report and identify the specimens by applying initials, durable labels, etc.; the certification by the material test laboratory must contain a reference to said report. Requests for tests sent to the approved laboratory must be signed by the Project Manager, who shall be responsible for the submission of samples.
Where the supply of processed elements derives from a processing centre or from a manufacturer of CE-marked elements, once it has been ascertained that the processing centre or manufacturer in question satisfies all of the regulatory requirements, the Project Manager may visit the processing centre or manufacturer and perform all of the facility tests referred to above. In such case, the sampling of specimens is done by the Technical Director of the processing centre or manufacturer in accordance with the Project Manager's instructions; the latter must ensure, by applying initials, durable labels, etc., that the specimens sent for testing at the approved laboratory are the ones having been sampled, and must sign the related request for testing. 
The laboratory entrusted to perform the tests shall accept samples accompanied by a written letter of request from the Project Manager. The laboratory checks the condition of the specimens and reference documentation and, for any defects found in relation to the samples or where all or part of the instrumentation required for their identification is missing, the laboratory must suspend the tests and inform the Central Technical Service of the High Council of Public Works.
The sample may be taken by the same laboratory entrusted to perform the tests. Laboratories must store all tested samples for at least 30 days after the test certificates are issued for identification and tracking purposes.
Depending on the types of materials arriving at the site, the Project Manager must perform the following checks:
- Metal fabrication elements: 3 tests every 90 tonnes; the number of samples taken and tested as part of the same project may not be less than three. For works that require the use of no more than 2 tonnes of steel for fabrication, the number of samples to be taken is determined by the Project Manager, taking into account the complexity of the structure.
- Corrugated sheet and cold-formed sections: 3 tests every 15 tonnes; the number of samples taken and tested as part of the same project may not be less than three. For works that require the use of no more than 0.5 tonnes of corrugated sheet and cold-formed sections, the number of samples to be taken is determined by the Project Manager.
- Bolts and rivets: 3 samples for every 1 500 pieces used; the number of samples taken and tested as part of the same project may not be less than three. For works that require the use of no more than 100 pieces, the number of samples to be taken is determined by the Project Manager.
- Mechanical joints: 3 samples for every 100 pieces used; the number of samples taken and tested as part of the same project may not be less than three. For works that require the use of no more than 10 pieces, the number of samples to be taken is determined by the Project Manager.
Acceptance tests must be performed prior to the in-situ installation of the elements and/or products.
The criteria for the assessment of acceptance test results are to be established by the Project Manager based on the mechanical characteristics declared by the manufacturer in the verification and qualification documentation and as provided by these regulations or by the design documentation for the specific project. These criteria take into account any loss of data and changes that may occur between different devices and test procedures. Such criteria are described in detail in the “Report on controls and acceptance tests on structural products and materials” drawn up by the Project Manager upon completion of the works.
If a result is non-compliant, both the specimen and the test method must be carefully reviewed. If the specimen presents a defect, or there is reason to believe that an error occurred during the test, the test result must be discarded. In such case, a new (single) specimen is sampled. 
If all valid results from the test match or exceed the acceptance level, the batch delivered must be considered compliant. 
If the above criteria are not met, a further sample, of double the size with respect to that indicated above in relation to the different types of product, must be taken from different products from the batch in the presence of the manufacturer or his representative, who may also attend the performance of the test at a laboratory referred to in Article 59 of Presidential Decree No 380/2001. 
The batch must be considered compliant if the individual results obtained from the subsequent specimens exceed the acceptance level.
Otherwise, the batch must be discarded and the result reported to the Central Technical Service. 
For the completion of certificates, where applicable, the provisions of § 11.3.2.12 apply. 
11.4.
STRUCTURAL ANCHORS AND EXPANSION JOINTS
11.4.1.
STRUCTURAL ANCHORS
The qualification of structural anchors is subject to the indications given in point C) of § 11.1, based on European Technical Approval Guideline ETAG 001, which also applies to the acceptance test procedures. With reference to Table 1.1 in Section 1.2 of Annex E to guideline ETAG 001 regarding the minimum recommended performance categories for the qualification of anchors under seismic actions, for all use classes referred to in point 2.4.2 of these regulations, the performance category in the aforesaid guideline to be satisfied is C2.
11.4.2.
ROAD EXPANSION JOINTS
The qualification of expansion joints is subject to the indications given in point C) of § 11.1, based on European Technical Approval Guideline ETAG 032, which also applies to the acceptance test procedures.
11.5.
POST-TENSIONED PRE-STRESSING SYSTEMS AND ANCHOR TIE RODS 
11.5.1.
POST-TENSIONED PRE-STRESSING SYSTEMS 
Post-tensioned pre-stressing systems are subject to the indications in point C) of § 11.1.
For Technical Assessment Certificate qualification, the “Guidelines for certification of the technical suitability of post-tensioned pre-stressing systems” approved by the High Council of Public Works apply.
Each supply must be accompanied by a copy of the technical assessment certificate or ETA-based CE marking documentation, as well as a manual containing technical specifications for in-situ installation and maintenance. 
The Project Manager is required, as part of his duties, to verify the foregoing and to refuse any supplies not accompanied by qualification documentation and ensure that the installation procedures conform to the technical specifications of the system manufacturer; he must also perform suitable acceptance tests, including geometric and dimensional tolerance verifications, as well as an assessment of the main mechanical characteristics of the component materials and/or main system functions, in order to verify the conformity of the anchorages with the specific design requirements. 
The acceptance test procedures are indicated in the European Technical Approval Guideline ETAG 013. 
11.5.2.
ANCHOR RODS FOR GEOTECHNICAL USE 
Active and passive anchor rods for geotechnical use are subject to the indications in point C) of § 11.1.
With respect to the qualification of active anchor rods for the Technical Assessment Certificate, the Guidelines for technical suitability certification for the use of active geotechnical anchor rods approved by the High Council of Public Works apply.
Each supply must be accompanied by a copy of the technical assessment certificate or ETA-based CE marking documentation, as well as a manual containing technical specifications for in-situ installation and maintenance. 
The Project Manager is required, as part of his duties, to verify the foregoing and to refuse any supplies not accompanied by qualification documentation and ensure that the installation procedures conform to the technical specifications of the system manufacturer; he must also perform suitable acceptance tests, including geometric and dimensional tolerance verifications, as well as an assessment of the main mechanical characteristics of the component materials and/or main system functions, in order to verify the conformity of the tie rods with the specific design requirements. 
11.6.
STRUCTURAL SUPPORTS 
Structural supports are restraint devices used in structures, bridges and buildings to transfer loads and to restrain certain degrees of freedom of displacement. 
Structural supports, as referred to in point A of § 11.1, must be compliant with the relevant harmonised European standard from the series UNI EN 1337 and bear CE marking. They are subject to the Assessment and Verification of Constancy System of Performance 1, as provided in the relevant harmonised technical specifications for critical applications. For structural supports that do not fall, or only partially fall under scope of application of one of the harmonised European standards from the series UNI EN 1337, case C) in § 11.1 applies. 
Each supply must be accompanied by CE marking documentation or a copy of the technical assessment certificate, as well as a manual containing technical specifications for in-situ installation and maintenance. 
The Project Manager is required, as part of his duties, to verify the foregoing and to refuse any supplies not accompanied by qualification documentation and ensure that the installation procedures conform to the technical specifications of the system manufacturer; he must also perform suitable acceptance tests, including geometric and dimensional tolerance verifications, as well as an assessment of the main mechanical characteristics of the component materials and/or main system functions, in order to verify the conformity of the supports with the specific design requirements. 
11.7.
WOOD-BASED MATERIALS AND PRODUCTS 
11.7.1
GENERAL PROVISIONS
Wood-based materials and products for structural use must be qualified in accordance with the procedures set out in § 11.1. For the application of case C) in point 11.1, reference is made to the Guidelines for the use of innovative structural wood products, materials and objects approved by the High Council of Public Works.
The production, processing, supply and use of wood products and wood-based products for structural use must be done in application of a quality assurance system and a traceability system which covers the chain of distribution from initial classification and marking of individual components and/or semi-finished products at least through to initial in-situ installation.
In addition to the documentation indicated in the relevant point of § 11.1 and § 11.7.10, each supply must be accompanied, as indicated in § 11.7.10.1.2, by a manual containing technical specifications for in-situ installation. The Project Manager must refuse any supplies that do not conform to the foregoing.
The engineer must indicate the characteristics of the materials in the design following the indications given in this chapter.
Such characteristics must be guaranteed by manufacturers, processing centres and intermediate suppliers for each supply in accordance with the applicable provisions for CE marking or as set out in § 11.7.10. 
The Project Manager shall perform the site acceptance tests provided for in § 11.7.10.2. The Project Manager may order additional acceptance tests on material received in-situ and on fasteners, following the test methods indicated in this regulation.
Tests and controls on products and production cycles may be performed by the laboratories referred to in Article 59 of Presidential Decree No 380/2001 and by factory production control testing or certification bodies approved in accordance with Presidential Decree No 106/2017 and Regulation (EU) No 305/2011 in regard to wood tests and controls.
11.7.1.1
Material properties 
The characteristic resistance values of a wood type are defined as the 5 % fractile of distribution of resistances, obtained from the results of tests conducted with a duration of 300 seconds on specimens at the equilibrium moisture content of wood, corresponding to a temperature of 20 ±2 °C and a relative humidity of 65 ± 5 %. 
For the elastic modulus, reference is made both to the characteristic elastic modulus values for the 5 % fractile and to the average values obtained under the same test conditions specified above. 
Characteristic density is defined as the value of the 5 % fractile of relative distribution with density measured in conditions of wood equilibrium moisture content with a temperature of 20 ±2 °C and a relative humidity of 65 ± 5 %.
For the design and verification of structures made with solid wood, laminated wood or wood-derived products for structural use, the resistance, elastic modulus and density values which make up the strength profile are used, which must include at least the indications in Table 11.7.I. 
Table 11.7.I – Strength profile for wood-based materials and products
	Characteristic resistances
	
	Elastic moduli
	
	Density

	Flexure 
	fm,k 
	
	Mean parallel elastic modulus ** 
	E0,mean
	
	Characteristic density 
	(k 

	Parallel tension 
	ft,0,k 
	
	Characteristic parallel elastic modulus 
	E0.05
	
	Mean density *,** 
	(mean 

	Perpendicular tension 
	ft,90,k 
	
	Mean perpendicular elastic modulus ** 
	E90,mean
	
	
	

	Parallel compression 
	fc,0,k 
	
	Mean tangential elastic modulus ** 
	Gmean
	
	
	

	Perpendicular compression 
	fc,90,k 
	
	
	
	
	
	

	Shear 
	fv,k 
	
	
	
	
	
	


* Mean density may not be declared. 
** Subscript mean may be abbreviated to m 
For solid wood, the characteristic resistance values taken from experimental studies refer to standardised dimensions of the test sample according to the relevant regulations. More specifically, for the determination of flexural strength, the height of the cross-section of the test sample is 150 mm, while for the determination of tensile strength parallel to the grain, the larger side of the cross-section of the test sample is 150 mm. 
Therefore, for solid wood elements subject to flexure or tension parallel to the grain, which have a height or larger side of the cross-section of less than 150 mm, the characteristic values fm,k and ft,0,k, indicated in the strength profiles, may be increased through the coefficient of multiplication kh, defined as follows: 
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[11.7.1]
where h, in millimetres, is the height of the cross-section of the inflected element or the larger side of the cross-section of the element under tension. 
For glued laminated wood, the characteristic resistance values taken from experimental studies refer to standardised dimensions of the test sample according to the relevant regulations. More specifically, for the determination of flexural strength, the height of the cross-section of the test sample is 600 mm, while for the determination of tensile strength parallel to the grain, the larger side of the cross-section of the specimen is 600 mm. 
Therefore, for laminated wood elements subject to flexure or tension parallel to the grain, which have a height or larger side of the cross-section of less than 600 mm, the characteristic values fm,k and ft,0,k indicated in the strength profiles, may be increased through the coefficient of multiplication kh, defined as follows: 


[image: image588.wmf]ï

þ

ï

ý

ü

ï

î

ï

í

ì

÷

ø

ö

ç

è

æ

=

1

,

1

;

h

600

min

k

1

,

0

h


[11.7.2]
where h, in millimetres, is the height of the cross-section of the inflected element or the larger side of the cross-section of the element under tension. 
11.7.2
SOLID WOOD
The production of structural elements from rectangular cross-section solid wood must conform to the harmonised European standard UNI EN 14081-1 and, in accordance with point A of § 11.1, bear CE marking. 
Where CE marking is not applicable, manufacturers of solid wood elements for structural use, in accordance with the indications in point B of § 11.1, must be qualified following the procedures referred to in § 11.7.10. 
Solid wood for structural use is a natural product, selected and classified piece by piece in dimensions for use according to strength, based on the applicable regulations. 
The classification criteria ensure that the element has a statistically-determined minimum mechanical performance, without the need for further tests or verifications, establishing its strength profile, which covers all physical and mechanical properties, necessary for structural engineering. 
Classification may involve by assigning the element to a Category, determined in relation to its quality with reference to the species of wood and its geographic origin, on the basis of specific regulatory requirements. Each timber of a given category, species and origin is assigned a specific strength profile, harmonised with the strength classes proposed by UNI EN 338, using classification methods provided in the applicable regulations. Reference may be made to the strength profiles indicated in standard UNI 11035:2010 parts 1, 2 and 3, where applicable.
The strength profile of a structural element can also generally be defined on the basis of documented test results, in accordance with the provisions of UNI EN 384:2016.
11.7.3
LEGNO STRUTTURALE CON GIUNTI A DITA
In the absence of a specific harmonised European standard, finger-jointed products are subject to point C of Section 11.1.
Production control must be the carried out by the Technical Director of production, documenting all test results in specific production records. Such records must be made available to the Central Technical Service and, where applicable under their responsibilities, to the Project Manager and construction inspector.
The individual elements used for the composition of finger-jointed structural timber must satisfy the minimum requirements in harmonised European standard UNI EN 14081-1 to ensure an appropriate strength class assignment.
Further, the product quality management system overseeing the manufacturing process must be implemented in accordance with standard UNI EN ISO 9001 and certified by an independent third party, of a sufficient level of competence and organisation and operating in accordance with standard UNI CEI EN ISO/IEC 17021-1.
11.7.4.
GLUED LAMINATED WOOD AND GLUED SOLID WOOD
The structural elements of glued laminated wood and glued solid wood must be compliant with harmonised European standard UNI EN 14080 and, in accordance with the specifications in point A of Section 11.1, bear CE marking.
Individual boards used for the composition of laminated wood must satisfy the minimum requirements in harmonised European standard UNI EN 14081-1 to ensure an appropriate strength class assignment. For the strength classes of individual boards higher than C30, reference is made solely to machine grading methods.
Single lamellae are classified individually by the manufacturer as specified in § 11.7.2.
11.7.5
WOOD-BASED PANELS
Wood-based panels for structural use, to which case A in § 11.1 applies, must be compliant with harmonised European standard UNI EN 13986. For wood-based panels not covered by the aforesaid harmonised European standard UNI EN 13986, the procedures referred to in case C of Section 11.1 apply.
For assessment of the characteristic values of strength, stiffness and density to be used in the design of structures which incorporate wood-based panels, reference may be made to standards UNI EN 12369-1 (OSB, particleboard and fibreboards), UNI EN 12369-2 (plywood) and UNI EN 12369-3 (solid wood panels with a thickness of less than 80 mm).
11.7.6
OTHER WOOD-DERIVED PRODUCTS FOR STRUCTURAL USE
For other structural wood-derived products not subject to any of the harmonised European standards referred to in point A of § 11.1 or to the specifications in point B of § 11.1, the indications given in point C of § 11.1 of this regulation shall apply.
11.7.7
ADHESIVES
Structural adhesives must produce joints of a strength and durability such that the integrity of the bond is preserved, in the assigned service class, for the entire working life of the structure.
11.7.7.1
Adhesives for factory-glued elements
Phenolic and aminoplastic adhesives must satisfy the specifications in standard UNI EN 301:2013. Polyurethane and isocyanate adhesives must satisfy the requirements in UNI EN 15425:2017.
Adhesives of a different chemical nature must satisfy the specifications of the same standard and must demonstrate a creep behaviour, no worse than that of a phenolic or aminoplastic plastic adhesive, as specified in standard UNI EN 301:2013, through appropriate comparative tests.
11.7.7.2
Adhesives for in-situ-bonded joints
Adhesives used in-situ (for which the requirements in standard UNI EN 301:2013 are not satisfied), must undergo testing according to an appropriate test protocol to demonstrate that the shear strength of the joint is no less than that of the wood, in the same conditions set out in the test protocol.
11.7.8
MECHANICAL FASTENING ELEMENTS
All fastening elements (metal and non-metal, such as plugs, nails, screws, plates, etc.) must be designed to ensure the levels of performance set out in these regulations, and in particular, those in § 7.7.5.2 in the presence of seismic actions.
Such mechanical devices are subject to the indications in points A) or C) of § 11.1. 
11.7.9
DURABILTIY OF WOOD AND WOOD DERIVATIVES
11.7.9.1
General provisions
To ensure adequate structural durability, the following correlated factors must be considered:
-
the established service class:
-
the intended use of the structure;
-
the foreseeable environmental conditions;
-
the composition, properties and performance of the materials;
-
the form of structural elements and the construction specifications;
-
the quality of execution and the related level of control;
-
the specific protection measures;
-
scheduled maintenance during the anticipated lifetime.
In the design phase, adequate measures shall be adopted to ensure the protection of materials.
For materials preservative treated against biological attack, reference should be made to the general principles of the UNI EN 15228:2009.
11.7.9.2
Natural durability requirements for wood-based materials
Wood and wood-based materials must have an adequate natural durability for their envisaged hazard class in service, or must be subject to preservative treatment in accordance with UNI EN 15228:2009.
The following are also useful references for the assessment of durability of wood-based materials:
-
standard UNI EN 350-1 gives indications on the methods for determining the natural durability and the principles of classification of wood species based on test results;
-
standard UNI EN 350 provides a classification of the durability of solid wood with respect to its destruction by fungi, beetles, termites and marine organisms;
-
standard UNI EN 460 provides a guide to the selection of wood species based on their natural durability in hazard classes as defined in UNI EN 335;
-
standard UNI EN 335 provides a guide for the application of the system of hazard classes according to the definitions given in the same standard.
The specifications relating to the performance of wood preservatives and their classification and labelling, are set out in standards UNI EN 599-1 and UNI EN 599-2.
11.7.10
IDENTIFICATION, QUALIFICATION AND ACCEPTANCE PROCEDURES – PROCESSING CENTRES
The characteristics and performance of materials must be guaranteed by manufacturers, processing centres and intermediate suppliers for each supply, in accordance with the following provisions.
11.7.10.1
Manufacturers and processing centres
Where the CE marking procedure is not applicable, for all structural wood-based products, the following provisions shall apply in their entirety, where applicable, which supplement the indications given in point B of § 11.1.
For the mandatory qualification of the manufacture of “Uso Fiume” and “Uso Trieste” elements, manufacturers of structural wood elements must submit to the Central Technical Service of the High Council of Public Works the following documentation for each facility:
-
identification of the facility to which the application refers;
-
the types of structural elements which the company is able to produce;
-
the organisation of the traceability system for structural wood production;
-
the organisation of internal production control, identifying a “Technical Director of production”;
-
the mark pertaining to the specific manufacturer for the product class “structural wood elements”;
-
documentation related to qualification tests and internal assessments, performed following the procedures set out in the applicable European standards by a laboratory referred to in Article 59 of Presidential Decree No 380/01. For “Uso Fiume” and “Uso Trieste” elements, the test and sampling methods referred to in UNI EN 14081-1 apply.
The procedures for qualification by the Central Technical Service (point B, § 11.1) apply to manufacturers of unprocessed solid and/or laminated wood elements to form structural elements ready for installation. Once such manufacturers have passed the preliminary investigation, they shall be issued a Certificate of Qualification by the Central Technical Service containing references to the product, company, facility and mark. Regarding this last aspect, each manufacturer must file the design of its mark with the Central Technical Service, which must be permanently applied (by heat, indelible ink, stamp, etc.) to each base element produced.
Manufacturers shall have until 31 January each year to submit to the Central Technical Service, documentary evidence of the production tests carried out in the previous year.
The certificate is valid for as long as the qualifying conditions remain, but for not more than five years. Certificates of qualification issued in accordance with Ministerial Decree of 14 January 2008, shall expire five years after the entry into force of this version of the Technical Building Regulations.
Structural wood processing centres means facilities that process qualified base elements of both solid and laminate wood, to prepare them for final configuration in-situ (notches, bores, application of metal plates, etc.). Such facilities must report their activities to the Central Technical Service which, once the preliminary investigation is passed, shall issue a Certificate of Commencement of Activity containing references to the product, company, facility and mark. Each processing centre must file the design of its mark with the Central Technical Service, which must be permanently applied (by labels, etc.) to each element processed. The processing centre may only receive and process products qualified at the source, accompanied by the relevant qualification documentation.
For the use of CE-marked based products, each processing cycle after said marking is applied, that is not performed in-situ under the responsibility of the Project Manager, must be carried out at a processing centre.
For the mandatory reporting of activity, structural wood processing centres must submit to the Central Technical Service of the High Council of Public Works the following documentation for each facility:
-
identification of the facility to which the application refers;
-
the types of structural elements which the company is able to produce;
-
the material identification and traceability system.
The Technical Director of production, a person of proven experience and who holds a certificate obtained upon completion of a training course, assumes responsibility for the conformity of processing centre activities with these regulations. The Technical Director of production must also attend a refresher course at least every three years.
The regulations, teacher curricula and the respective training programmes on the courses referred to above, must be pre-approved by the Central Technical Service, having consulted with the High Council of Public Works, which shall verify the overall consistency of the courses with the requirements set out in these regulations.
Manufacturers and processing centres are required to report any changes with respect to the information declared at the time of submission of the application for qualification or activity reporting.
Where the facility produces base wood and carries out processes to obtain structural elements ready for use, it shall be issued both certificates, provided that the applicable requirements are met.
All supplies of structural elements must bear the mark of the manufacturer and of any processing centre in which they may have been processed, and must be accompanied by documentation stating the essential technical characteristics of the product.
The Central Technical Service shall update the list of documentation needed to obtain qualification based on technical advancements and any future legislative updates.
Qualification and activity reporting certificates shall be suspended or, in more serious or repeated cases, revoked if at any time the Central Technical Service should discover discrepancies between the documents filed and the actual production or non-conformity with the requirements contained the technical legislation in force. Suspension and revocation measures shall be adopted by the Central Technical Service.
11.7.10.1.1
Identification and traceability of qualified products
Taking into account the information in the previous section, each qualified product must be constantly recognisable with respect to its qualitative characteristics and traceable to the production facility by a durable mark filed with the Central Technical Service, in accordance with the relevant harmonised standard.
Each product must be marked with identifying details that are different from those of products with different characteristics, but manufactured in the same facility and with identifying details that are different from those of products with the same characteristics, but manufactured in other facilities, whether or not by the same manufacturer. The marking must be inalterable and tamperproof.
Facility means an autonomous production unit with its own systems and finished product storage areas. For multiple production units belonging to the same manufacturer, the qualification must be repeated for each unit and for each type of product manufactured therein.
Considering the different nature, form and size of products, the characteristics of the plants used for their production and the possibility of supply both in individual pieces and in bundles, different marking systems may be adopted, which may also depend on the product’s intended use.
However, where possible, including in relation to the product’s intended use, the manufacturer and the processing centre must identify each individual piece by a specific marking. Where this is not possible, the marking applied to each specific product type must be such that, before any final or smaller package is opened, the product is traceable to the manufacturer or processing centre, to the type of timber, and to the classification batch and date of classification.
Bearing in mind that the determining factors for marking are inalterability in time and tamper-proofing, the manufacturer and the processing centre must observe the marking procedures declared in the documentation submitted to the Central Technical Service and promptly report any changes made.
If the marked unit (individual piece or batch) is separated at the facility of the user or dealer (e.g. intermediate suppliers) resulting in all or part of the original product marking being lost, both the user and the dealer shall be responsible for documenting its origin using the material accompanying document and the details of the filing of the mark with the Central Technical Service.
Manufacturers, subsequent intermediaries and final users must ensure all material accompanying documentation is properly filed and remains available for consultation for at least 10 years and that all identifying marks or labels for product traceability remain clear.
Additional provisions to facilitate product identification and traceability by means of marking may be issued by the Central Technical Service of the High Council of Public Works.
11.7.10.1.2
Supplies and accompanying documentation
All supplies of structural wood must be accompanied by:
-
a copy of the CE marking documentation, according to the system of assessment and verification of constancy of performance applicable to the product, or a copy of the certificate of qualification or technical assessment certificate issued by the Central Technical Service;
-
a declaration of performance as referred to in Regulation (EU) No 305/2011 or a declaration issued by the legal representative of the facility containing information regarding the essential characteristics of the products including, in particular: material strength class, fire reaction Euroclass and code identifying the year of production; this declaration must also contain a reference to the transport document.
For products deriving from a processing centre, in addition to the aforesaid documentation, supplies must be accompanied by:
-
a copy of the processing centre activity reporting certificate;
-
a declaration from the Technical Director of production giving a description of the processes carried out;
11.7.10.2
Site acceptance tests
Site acceptance tests are mandatory for all types of wood-based materials and products and are to be performed by the Project Manager who, prior to in-situ installation, must ascertain and verify the foregoing and refuse any non-compliant supplies. 
The Project Manager shall perform the site acceptance tests as set out below. The Project Manager may order additional acceptance tests on material received in-situ and on fasteners, following the test methods indicated in this regulation.
The laboratory entrusted to perform the tests shall accept samples accompanied by a written letter of request from the Project Manager. The laboratory checks the condition of the specimens and reference documentation and, for any defects found in relation to the samples or where all or part of the instrumentation required for their identification is missing, the laboratory must suspend the tests and inform the Central Technical Service of the High Council of Public Works.
The sample may be taken by the same laboratory entrusted to perform the tests. Laboratories must store all tested samples for at least 30 days after the test certificates are issued for identification and tracking purposes.
For solid wood elements, with each supply, an in-situ visual classification must be performed on at least five per cent of the elements in each batch, to be compared with the classification carried out in the facility.
For laminate wood elements, documentation must be obtained on the classification of the boards and on the destructive mechanical tests conducted at the production facility in relation to the specific batch of the supply at the site (failure test on finger joints and shear and/or delamination tests on bonding planes). Furthermore, on at least 5 % of the material delivered to the site, a control of the configuration of cross-section lamellae and verification of the minimum distance between joint and knot must be performed in accordance with the provisions of UNI EN 14080.
For the other jointed elements, referred to in Sections 11.7.3, 11.7.5 and 11.7.6, documentation must be obtained on the classification of the base material and on the mechanical tests stipulated in the documentation on factory production control, conducted at the facility in relation to the specific batch of the supply at the site. Furthermore, on at least 5 % of the material delivered to the site, a control of the configuration of cross-section lamellae and verification of the minimum distance between joint and knot must be performed in accordance with the applicable technical specifications.
Finally, on at least 5 % of the laminated wood elements and the jointed elements referred to in paragraphs 11.7. 3, 11.7.4, 11.7.5 and 11.7.6 delivered to the site, a control of displacement from the theoretical geometric configuration must be performed in accordance with the tolerances specified in § 4.4.
For the mechanical fastening elements referred to in § 11.7.8, during the site acceptance phase, the Project Manager shall verify the required qualification documentation, ascertain dimensional, geometric and performance consistency with the design specifications and obtain the results from the mechanical tests specified in the factory production control procedures. The Project Manager shall also perform mechanical acceptance tests based on the criticality, differentiation and number of fastening elements.
Where the acceptance tests are unsuccessful; where doubts arise in relation to the quality and conformity of the materials or products with the specifications; for elements processed in-situ; or where there are no available facility tests conducted in relation to the individual production batch, an assessment of the performance characteristics of the elements must be performed through a set of destructive and non-destructive tests following the procedures set out below.
In regard to solid wood, reference may be made to the acceptance criteria set out in standard UNI EN 384:2016.
For laminated wood and the other jointed elements referred to in §§ 11.7.3, 11.7.4, 11.7.5 and 11.7.6, in consideration of the importance of the construction work, elastic load tests may be performed, by a laboratory referred to in Article 59 of Presidential Decree No 380/2001, to determine the elastic modulus parallel to the grain following the procedures set out in UNI EN 408:2012 or UNI EN 380:1994, as applicable.
If the results from the acceptance tests are unsatisfactory, the Project Manager shall refuse the supply. 
11.8.
PREFABRICATED REINFORCED CONCRETE AND PRE-STRESSED REINFORCED CONCRETE COMPONENTS 
11.8.1.
GENERAL PROVISIONS 
Prefabricated construction elements must be manufactured through an industrialised process that uses suitable facilities as well as adequately organised structures and techniques. 
There must be an active permanent factory production control system that maintains an adequate level of reliability in the production of concrete, in the use of individual constituent materials and in the conformity of the finished product. 
This control system must also include the production of concrete according to the indications given in § 11.2. 
For all prefabricated elements qualified in accordance with the indications given in points A or C of § 11.1, the procedural requirements for filing, pursuant to Article 58 of Presidential Decree 380/2001, are considered satisfied. The foregoing is notwithstanding the obligations pursuant to Presidential Decree 380/01 for the competent territorial office, as well as, for buildings with a load-bearing panel structure, those pursuant to Article 56 of Presidential Decree 380/2001. With respect to their use, such products must, in any case, comply where applicable, with points 11.8.2, 11.8.3.4 and 11.8.5 below, insofar as they do not conflict with the harmonised European technical specifications. 
The declaration of performance and labelling are subject to the methods envisaged in the harmonised European standards, and in particular:
· Method 1:
Declaration of the geometric characteristics and properties of the material.
· Method 2:
Declaration of product properties, to be assessed applying the Eurocode National Annexes in force. 
· Method 3:
Declaration based on a given design specification, for which these technical regulations apply. 
For the purposes of acceptance and use, all structural components or systems must, in any case, satisfy the requirements set out in this regulation; in particular, base materials must be qualified at the source in accordance with § 11.1.
For all prefabricated elements not subject to the indications in points A or C of § 11.1, the following provisions apply. 
In this respect, construction elements produced ad hoc, must be manufactured following processes subject to a production control system, in accordance with the indications below. 
11.8.2.
MINIMUM REQUIREMENTS FOR MANUFACTURING FACILITIES AND PLANTS 
The manufacturing process for the prefabricated construction, elements to which these regulations refer must be characterised by at least the following: 
a)
plants in which the constituent materials are stored in silos, hoppers and containers guaranteed to avoid confusion, loss or transfer; 
b)
dosage by weight of solid components and dosage by volume, or weight, of liquid components using suitable instruments calibrated according to the applicable regulations; 
c)
organisation by means of a full sequence of essential production and control operations; 
d)
organisation of a permanent documented system of production control; 
e)
compliance with regulations on the protection of works and of the environment. 
11.8.3.
PRODUCTION CONTROL 
Plants used for the manufacture of prefabricated construction elements governed by these regulations must be suitable for continuous production, have adequate preparation devices, as well as expert personnel and equipment suitable for testing, assessing and correcting the quality of the product. 
Manufacturers of prefabricated elements must implement a production control system to ensure that the product meets the requirements set out in these regulations and that such requirements are constantly maintained until in-situ installation. 
The product quality management system overseeing the manufacturing process must be implemented in accordance with standard UNI EN ISO 9001 and certified by an independent third party of a sufficient level of competence and organisation and operating in accordance with standard UNI CEI EN ISO/IEC 17021-1. 
For the purpose of quality management system certification, the manufacturer and the process certification body may refer to the indications contained in the applicable European or international standards. 
Controls on materials may be performed in accordance with the indications given in this regulation or in the applicable legislation. 
11.8.3.1
Control of materials for elements manufactured in series 
For structural concrete used in centres for the manufacturing of prefabricated components in-series, the Technical Director of the facility shall continuously test the concrete according to the specifications given in § 11.2, working with force and displacement measurement equipment calibrated annually by one of the laboratories referred to in Article 59 of Presidential Decree No 380/2001 or by third-party calibration bodies accredited according to the applicable industry regulations.
Said technician shall record daily results in specific production records specifying the date, to be kept by the manufacturer for 10 years. Such records must be available for consultation by the competent bodies of the High Council of Public Works - Central Technical Service, project managers and any authorised construction personnel. 
Facility tests must be conducted after 28 days of weathering and at significant times during the various phases of the technological cycle, following the procedures set out in § 11.2.4. 
Characteristic strength must be determined according to the type B control method described in § 11.2.5 and immediately recorded. 
Concrete tests after 28 days of weathering must also be conducted, at a laboratory referred to in Article 59 of Presidential Decree No 380/2001, on at least one sample every five days of production for each type of homogeneous concrete; such results must satisfy control type A referred to in § 11.2.5, working on three consecutive samples, irrespective of the quantity of concrete produced. 
The Technical Director of the facility shall be responsible for recording the results from facility tests and those conducted by external laboratories. 
Finally, at least once per year, the Technical Director shall verify the statistical conformity of the results of internal controls and those performed at external laboratories, both with each other and with the requirements contained in the applicable technical regulations. 
For structural reinforcement steel used in centres for the manufacturing of prefabricated components in-series, the Technical Director of the facility shall verify that all incoming material is accompanied by the necessary qualification documentation as well as the documents indicated in point 11.3.1.5 (STC certificate of qualification, transport documents, etc.). The Technical Director of the facility must refuse any non-compliant supplies.
In regard to steel bending, welding and straightening, the Technical Director of the facility must conduct specific tests to verify that the internal processes do not alter the original mechanical and geometric characteristics of the product. The tests must be conducted after processing. For both welding and bending processes, reference may be made to the applicable European legislation.
The bending test is conducted on three samples for every 90 tonnes of steel processed (output from facility equipment) and at least one per month, in accordance with standard UNI EN ISO 15630-1:2010. The test shall use mandrels of a suitable diameter. After the test, the sample must not show any cracks.
Structural weld tests, conducted by a qualified operator, must be identified as part of the internal facility production control. For test procedures and acceptability levels, reference may be made to standard UNI EN ISO 17635. All of the tests specified in the applicable European standards are to be performed on welds every two years, upon renewal of the operator qualification.
Following each roll straightening procedure, a stress test is to be performed on three samples every 10 rolls at one of the laboratories referred to in Article 59 of Presidential Decree No 380/2001..
The Technical Director of the facility shall record all internal control and external laboratory test results in a specific production register, to be kept for 10 years and which must be available for consultation upon request by authorised personnel.
The aforesaid controls apply solely to products not subject to CE marking, to which the provisions of the relevant harmonised technical specifications are wholly applicable.
11.8.3.2
Controlled production in series 
For production in series subject to control as per § 4.1.10.2.2, the prior issue of a Technical Assessment Certificate by the Central Technical Service is required in accordance with § 11.8.4.3. 
11.8.3.3
Initial type tests for controlled-series elements 
The controlled production in series of structural components must be preceded by tests on prototypes conducted by a laboratory referred to in Article 59 of Presidential Decree No 380/2001 appointed by the manufacturer. 
11.8.3.4
Marking 
Each prefabricated element produced in series must be specifically identified by a fixed, indelible or in any case non-removable mark that ensures traceability of the manufacturer and manufacturing facility and identifies the series of origin of the element. 
For objects weighing more than 8 kN, the weight of the element must also be visibly indicated at least until the point of final casting, where applicable. 
11.8.4.
QUALIFICATION PROCEDURE 
The assessment of suitability of the facility's production process and production control and of the conformity of the finished product is performed through the qualification procedure indicated below. 
Manufacturers of prefabricated elements in series must obtain the qualification of their facility and construction elements produced in series, submitting the relevant documentation to the Central Technical Service of the High Council of Public Works in accordance with Article 58 of Presidential Decree No 380/2001. 
The above-mentioned documentation shall be reported to the Central Technical Service in a specific Circular. 
The Central Technical Service may perform spot checks to ascertain the validity and compliance of the documentation and conformity with the requirements contained in these regulations. 
The Central Technical Service shall update the list of documentation needed to obtain qualification based on technical advancements and any future legislative updates. 
11.8.4.1
Facility qualification 
Facility qualification is a pre-requisite for each subsequent recognition of production types. 
The qualification of a facility’s organisation system and production process must be demonstrated through the presentation of relevant documentation related to its organisational production structure and facility control system. 
Where construction elements are manufactured in multiple facilities, the qualification must refer to each production unit. 
11.8.4.2
Qualification of declared production in series 
All firms engaged in the construction of prefabricated objects declared in series as referred to in § 4.1.10.2.1, before starting a new production process, must submit an application to the Central Technical Service of the High Council of Public Works. 
This application must be accompanied by the relevant documentation in accordance with Article 58 of Presidential Decree No 380/2001 and with the indications given in § 11.8.4.1. 
Based on the technical documentation submitted, the Central Technical Service shall issue a certificate with a validity of five years. 
This certificate, which is required for the manufacturing of elements, also implies the qualification of that specific manufacturing facility. 
The certificate is renewable upon request, submitting the relevant documents on activity and controls performed during its five-year validity period. 
11.8.4.3
Qualification of controlled production in series 
In addition to the specifications for declared production in series, the documentation required for qualification of controlled production in series must include documentation related to failure tests on prototypes and a report on the results of such tests. 
On the basis of the technical documentation submitted the Central Technical Service, having consulted the High Council of Public Works, shall issue the Technical Assessment Certificate, with a five-year validity and renewable on request.
This certificate, which is required for the manufacturing of elements, also implies the qualification of that specific manufacturing facility. 
11.8.4.4
Suspensions and revocations 
Facility and/or declared or controlled production in series qualification certificates shall be suspended or, in more serious or repeated cases, revoked if, at any time, the Central Technical Service should discover discrepancies between the documents filed and the actual production or non-conformity with the requirements contained the technical legislation in force. Suspension and revocation measures shall be adopted by the Central Technical Service. 
11.8.5.
ACCOMPANYING DOCUMENTS 
The Project Manager must refuse any supplies that do not conform to the indications in the previous section. 
In addition to the indications given in the applicable points of § 11.1, each in-situ supply of in series and ad hoc prefabricated structural elements must be accompanied by specific instructions indicating the procedures for the transport and assembly of the prefabricated elements, in accordance with Article 58 of Presidential Decree No 380/2001, to be submitted to the Project Manager of the works in which such construction elements are to be used, who shall ensure they are kept on file. 
Such instructions must include at least the following: 
a)
assembly drawings indicating the position and connections of the elements within the works, including a list of elements supplied and their marks; 
b)
a report on the characteristics of the materials required for joints and any final works; 
c)
assembly instructions with necessary details for the movement, installation and adjustment of objects; 
d)
documents containing instructions for the correct use and maintenance of the objects. Such documents must be submitted to the Project Manager and to the Client upon conclusion of the project; 
e)
for qualified in-series elements, a certificate of origin signed by the manufacturer, who thereby assumes the legal responsibilities of the developer for the objects in question, and by the Technical Director of production. The certificate, which must guarantee the conformity of the object with the characteristics indicated in the documentation filed with the Central Technical Service, must specify the name of the engineer and contain a copy of the qualification certificate issued by the Central Technical Service; 
f)
documentation, provided where available, certifying the results of facility compression tests conducted on concrete cubes (an excerpt of the production record) and a copy of certificates relating to tests conducted by an approved laboratory referred to in Article 59 of Presidential Decree No 380/2001; such documents must relate to the period of production of the objects. 
A copy of the certificate of origin must be attached to the Project Manager's report referred to in Article 65 of Presidential Decree No 380/2001;
Before accepting the objects, the Project Manager must verify that they are properly marked as provided for in § 11.8.3.4.
The prefabricated element manufacturer must also provide to the Project Manager, who shall relay them to the Client, documents (drawings, construction specifications, etc.) signed by the engineer and by the Technical Director of the facility, as per their respective powers, containing instructions for the proper use of the individual objects and explaining in particular:
g)
the intended use of the product;
h)
the relevant physical requirements in relation to the intended use;
i)
the static performance for structural objects;
j)
any necessary supplementary or maintenance procedures for attaining or maintaining, over time, the declared performance and requirements; 
k)
dimensional tolerances for supplies of components. 
In the above documentation, the engineer must specifically indicate:
–
the mechanical characteristics of cross-sections, the values of applied compression, plastic moments, maximum shear stresses, operating loads and their distribution, the type of material used to protect against corrosion in metal anchorages, and the dimensions and characteristics of support bearings and indications for their proper use; 
–
whether the cross-section of a load-bearing object is to be completed on site with an additional casting, and the required strength; 
compatibility for use in an aggressive environment and any resulting changes in performance. 
11.8.6.
MECHANICAL FASTENING DEVICES 
Fastening devices used for connecting prefabricated elements must be designed to guarantee the levels of performance set out in these regulations and in particular, under seismic actions, those in § 7.4.5.2. 
Such mechanical devices are subject to the indications in points A) or C) of § 11.1. 
11.9.
ANTI-SEISMIC AND VIBRATION CONTROL DEVICES
Anti-seismic and vibration control devices means elements which help change the seismic or general dynamic response of a structure, for example, by increasing the fundamental period, modifying the fundamental forms of vibration, increasing energy dissipation, limiting the force transferred to the structure and/or introducing permanent or temporary restraints that improve seismic or dynamic response. 
All devices must have a service life greater than 10 years within a reference temperature range indicated in the technical specifications applicable to each device. In the absence of indications given in the technical specifications, the reference temperature range must be at least between –15 °C and +45 °C. For specific works in which the foreseeable temperatures do not fall within said range, reference may be made to different temperature ranges; for devices operating in protected locations, a smaller temperature range can be assumed in relation to the extreme environmental temperature levels. 
Plans must be in place for their maintenance and replacement at the end of their service life, without significant effects on the use of the structures in which they are installed. 
Where harmonised European standard UNI EN 15129 is applied, the reference values indicated therein are to be taken from the indications given in these Technical Building Regulations; specifically, dbdmeans the displacement in an earthquake valued at LLS, and x∙ dbdmeans the displacement in an earthquake valued at CLS (dbd and x are symbols used in UNI EN 15129 to refer to the displacement-based design of a device and amplification factor as referred to in § 4.1.2 of UNI EN 15129).
11.9.1.
DEVICE TYPES 
For the purpose of this regulation, the following types of devices are typically used: 
Temporary restraint devices: these devices are used to force movements in one or more directions according to different procedures, depending on the type and nature of the action. They are distinguished as: 
“Fuse” restraint devices: characterised by preventing relative movements between connected parts until a force threshold is reached beyond which all movements are allowed. They are commonly used to exclude the seismic protection system in regular service conditions, allowing it to operate normally during the design earthquake without changing its behaviour. 
Temporary (dynamic) restraint devices: characterised by the capacity to solidify connecting elements in the presence of relatively fast movements, such as seismic actions, leaving them free or quasi-free to move under relatively slow movements imposed by or resulting from thermal effects. 
Displacement-dependent devices, which in turn are divided into: 
Linear behaviour or “Linear” devices: characterised by a substantially linear force-displacement equation, up to a given level of displacement, with stable behaviour for the required number of cycles and substantially velocity-independent; these must not show any significant residual displacements during the discharge phase. 
Non-linear behaviour or “Non-Linear” devices: characterised by a non-linear force-displacement equation, with stable behaviour for the required number of cycles and substantially velocity-independent. 
Velocity-dependent devices,also called viscous behaviour or “Viscous” devices: characterised by the dependency of the force on velocity only or on velocity and displacement simultaneously; their operation is based on the reaction forces caused by the flow of a viscous fluid through orifices or valve systems. 
Isolation devices or “Isolators”: their essential function is to withstand vertical loads with a high level of stiffness in the vertical direction and a low level of stiffness in the horizontal direction, allowing for substantial horizontal displacement. This function may or may not be associated with energy dissipation, system recentring and lateral restraint under horizontal service loads (non-seismic). Essentially bearing devices, they must comply with the applicable regulations to ensure their full functionality with respect to service actions. 
For the purpose of this regulation, the following types of isolators are typically used: 
Elastomeric isolators: consisting of alternating layers of elastomeric material (natural rubber or a suitable artificial material) and steel, the latter with the function of confining the elastomer, these are strongly deformable for loads parallel to the situation of the layers (horizontal loads). 
Sliding isolators: consisting of sliding supports with a flat or curved surface and characterised by a low friction resistance. 
Devices consisting of a combination of the above categories. 
11.9.2.
QUALIFICATION PROCEDURE 
Anti-seismic devices, as referred to in point A) of § 11.1, must be compliant with harmonised European standard UNI EN 15129 and bear CE marking. They are subject to the system of assessment and verification of constancy of performance provided for in the aforesaid harmonised European standard for critical applications. 
For anti-seismic devices that do not fall or only partially fall under scope of application of harmonised European standard UNI EN 15129, case C) in § 11.1 applies. 
In addition to the specifications in points A) or C) of § 11.1, each supply must be accompanied by a manual containing technical specifications for in-situ installation and maintenance. 
The purpose of the qualification procedures is to demonstrate that the device is able to maintain proper functionality in the envisaged conditions of use throughout its design working life. 
11.9.3.
ACCEPTANCE PROCEDURE 
Site acceptance tests are mandatory for all types of devices and are to be performed by the Project Manager who, prior to in-situ installation, must ascertain and verify the required qualification documentation and refuse any non-compliant supplies. The Project Manager must also perform a geometric and dimensional tolerance verification, as well as the acceptance tests referred to below.
The acceptance tests must be performed and certified by a laboratory referred to in Article 59 of Presidential Decree No 380/2001 with the necessary competence, equipment and organisation.
For devices which fall under the scope of application of harmonised European standard UNI EN 15129, the acceptance test methods and the related assessment criteria, unless otherwise specified below, are those indicated for each type of device in the aforementioned harmonised European standard with reference to factory production control tests. The number of devices subject to acceptance tests is specified below for each type of device.
The acceptance tests may be performed using factory production control tests conducted as part of maintaining the qualification of such devices in accordance with the aforementioned European standard, in the number indicated therein, provided that:
· device sampling is performed on batches intended for a specific site by the Project Manager from that site;
· the tests are performed and certified by a laboratory referred to in Article 59 of Presidential Decree No 380/2001 with the necessary competence, equipment and organisation.
· The aforesaid certificates must specifically indicate the site or sites for which the supply is intended.
For devices, which do not fall under the scope of application of harmonised European standard UNI EN 15129, acceptance tests are still required and must be performed according to the procedures and assessment criteria indicated in the relevant European technical specifications or Technical Assessment Certificate.
If the results from the acceptance tests are unsatisfactory, the Project Manager shall refuse the supply. 
Devices subject to qualification and acceptance tests, may only be used in construction if the elements under non-linear stress are replaced or if their resistance to low cycle fatigue is at least one order of magnitude greater than the number of test cycles, and only once it is ensured that they are perfectly intact and fully functional following the tests by performing subsequent acceptance tests and controlling the related verification parameters. 
11.9.4.
LINEAR DEVICES 
The behaviour of linear devices is defined by the equivalent stiffness Ke and the equivalent viscous damping coefficient ξe, which must comply with the limitations 

ξe < 15%
[11.9.1]
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where Kin is the initial stiffness assessed as the secant stiffness between the corresponding values at 10 % and 20 % of the design force. 
To ensure stable cyclic behaviour, the variations in a set of load cycles referring to the same maximum displacement must be limited as follows: 
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[11.9.4]
where the subscript “(3)” refers to specific quantities in the third load cycle and the subscript “(i)” refers to quantities related to the ith cycle, excluding the first (i ≥ 2). 
The maximum differences between the mechanical characteristics obtained in the qualification tests and the design values or the normal conditions of use, must be contained within the limits indicated in Table 11.9.I 
Variations must be assessed with reference to the third test cycle. 
Table 11.9.I 
	
	Supply
	Ageing
	Temperature
	Test frequency

	Ke 
	±15%
	±20%
	±40%
	±10%

	ξe 
	±15%
	±15%
	±15%
	±10%


11.9.4.1
Device acceptance tests 
Acceptance tests must be performed on at least 20 % of devices, or a minimum of 4, and no more than the number of devices to be installed in-situ.
At least one device must be subject to a “quasi-static” test, running at least five full alternating deformation cycles with a maximum width of ± d2.
Where the device has similar building characteristics to those of an elastomeric isolator, geometrically similar and subject to shear, but with no vertical load-bearing function, the acceptance test must be conducted according to the procedures and in the number specified for tests on elastomeric isolators, but with the following variant: 
- characterisation of devices in the absence of an initial load, reproducing the conditions of restraint on the upper and lower faces of the device in-situ. 
11.9.5.
NON-LINEAR DEVICES 
Non-linear devices may have different mechanical behaviours, with a high or low energy dissipation, reduction or increase in stiffness as displacement grows and with or without residual displacements once the force resets. Described below are devices characterised by a reduced stiffness, but with a force that constantly increases as displacement grows, whose force-displacement diagrams are substantially independent of travel speed and can be schematised as in Figure 11.9.1. 
Non-linear devices consist of basic elements that determine their fundamental mechanical characteristics for use. 
Their behaviour is identified by a characteristic curve binding the force transferred from the device at the corresponding displacement; such characteristic curves can generally be schematised with bilinear equations defined by making them pass through the point of coordinates (F1, d1), corresponding to the theoretical limit of the linear elastic behaviour of the device, and through the point of coordinates (F2, d2), corresponding to the design condition at CLS. 
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Figure 11.9.1 - Force-displacement diagram for non-linear devices
The theoretical bilinear cycle is defined by the following parameters:
del
=
displacement in the first load branch in a test within which behaviour is substantially linear. In general, a value of d2/20 can be assumed; 
Fel
=
force corresponding to del, in the initial test load branch. 
d1
=
abscissa of the point of intersection of the straight line joining the origin with the point (del , Fel)and the straight line joining the points (d2/4, F(d2/4)) and (d2, F2) in the third test cycle; 
F1
=
ordinate of the point of intersection of the straight line joining the origin with the point (del, Fel) and the straight line joining the points (d2/4, F(d2/4)) and (d2, F2) in the third test cycle; 
d2
=
maximum design displacement of the device at CLS; 
F2
=
force corresponding to displacement d2, obtained in the third test cycle. 
The elastic and post-elastic stiffnesses of the first and second branches, respectively, are defined as: K1 = F1/d1; K2 = (F2-F1)/(d2-d1), while secant stiffness is given by Ksec = F2/d2 and the equivalent damping is ξe = Ed/(2π( F2 (d2) where Ed is the area of the hysteresis loop. 
To ensure stable cyclic behaviour, the variations in a set of load cycles referring to the same maximum displacement must be limited as follows: 
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[11.9.6]
where the subscript “(3)” refers to specific quantities in the third load cycle and the subscript, “(i)” refers to quantities related to the ith cycle, excluding the first (i≥2). 
The theoretical cycle assumed for conducting non-linear analyses for the design of a structure, complete with unloading and reloading branches consistent with actual behaviour, must be such that the energy dissipated in a cycle, does not differ from the energy dissipated in the third load cycle of the test by more than 10 %. 
The maximum differences between the mechanical characteristics obtained in the qualification tests and the design values or the normal conditions of use, must be contained within the limits indicated in Table 11.9.II. 
Variations must be assessed with reference to the third test cycle. 
Table 11.9.II 
	
	Supply 
	Ageing 
	Temperature 
	Test frequency (1)

	K2 
	±15%
	±20%
	±20%
	±10%

	Ksec 
	±15%
	±20%
	±40%
	±10%

	ξe 
	±10%
	±15%
	±15%
	±10%


(1) Values obtained or declared with reference to the same frequencies as qualification tests.
Where the work hardening ratio is K2/K1 ≤ 0.05, the limit on K2 is replaced by the limit on the variation of K2/K1, which must differ from the design value by less than 0.01. 
11.9.5.1
Device acceptance tests 
The indications given in § 11.9.4.1 for linear devices apply. 
11.9.6.
VISCOUS BEHAVIOUR DEVICES 
Viscous behaviour devices generally only transfer horizontal actions and have a negligible stiffness to vertical actions. They are characterised by having a force proportionate to vα, for which they do not significantly contribute to the system stiffness. The force-displacement ratio of a viscous device, for a sinusoidal displacement law, is indicated in Figure 11.9.2. The form of the cycle is elliptical for α=1. 
Their behaviour is characterised by the maximum developed force Fmax, and by the dissipated energy Ed, in a cycle for a pre-fixed width and frequency, i.e. by the constants C and α. 
To ensure stable cyclic behaviour, the variations in dissipated energy Edin a series of load cycles referring to the same maximum velocity and displacement, must be limited as follows: 
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[11.9.7]
where the subscript “(3)” refers to specific quantities in the third load cycle and the subscript, “(i)” refers to quantities related to the ith cycle, excluding the first (i≥2). 
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Figure 11.9.2 – Viscous behaviour devices
The maximum differences between the mechanical characteristics obtained in the qualification tests and the design values or the normal conditions of use, must be contained within the limits indicated in Table 11.9.III, taking into account the ratios of scale between devices subject to qualification tests and real ones. 
Table 11.9.III 
	
	Supply
	Ageing
	Temperature
	Test frequency

	Fmax
	±15 %
	±5%
	±5%
	±10%

	Ed
	-15%
	-5%
	-5%
	±10%


To take into account possible velocities in excess of the design values, the maximum design force of the device is amplified with a reliability factor γv given by 

(v= (1+td)·(1,5)α
[11.9.8]
where td is the tolerance on the design force provided by the manufacturer, including any variability due to temperature, and α is the exponent of the constitutive law. 
The device must have two spherical hinges at the ends to prevent leakage and deterioration of the seals, and its rotational capacity must be assessed, taking into account, the loads affecting the structure during its working life, the effects of earthquakes and any assembly misalignments. In any case, the rotation permitted by the hinges must be no less than two sexagesimal degrees. 
The devices must be designed in such a way as to prevent yield under the application of service loads and failure under collapse conditions. They must also be able to withstand the lateral accelerations resulting from seismic structural analyses at CLS and, in the absence of such assessment, they must withstand a minimum transverse force equal to at least twice the weight of the device. The design and construction of the device must allow for maintenance during its working life and prevent effects of instability on the rods, in conditions of maximum extension and in reference to the installation configuration. 
11.9.6.1
Device acceptance tests 
Acceptance tests must be performed on at least 20 % of devices, or a minimum of 4, and no more than the number of devices to be installed in-situ. 
11.9.7.
ELASTOMERIC ISOLATORS 
Isolators must have a base with two orthogonal axes of symmetry so as to present a behaviour that is as independent as possible from the direction of the horizontal action. To determine the effects of actions perpendicular to the layers, their useful dimensions must refer to the dimensions of the steel plates, eliminating any holes, while for the effects of actions parallel to the arrangement of the layers, the entire section of the rubber layer is considered. 
The steel plates must conform to the indications in the regulations on bearing devices, with a minimum elongation to failure of 18 % and a minimum thickness of 2 mm for internal plates and 20 mm for external plates. 
There are two form factors: 
S1
primary form factor, ratio between the surface A’ shared by the individual elastomer layer and the individual steel plate, eliminating any holes (if not subsequently refilled), and the free lateral surface L of the individual elastomer layer, plus the lateral surface of any holes (if not subsequently refilled), or S1=A’/L; 
S2
secondary form factor, ratio between the floor dimension D of the individual steel plate, parallel to the acting horizontal action, and the total thickness te of the elastomer layers, or S2 = D/te. 
Elastomer and steel isolators are identified by their typically non-linear characteristic force-displacement curves, using two synthetic parameters: equivalent stiffness Ke, and equivalent viscous damping coefficient ξe. 
Equivalent stiffness Kein relation to a load cycle is defined as the ratio between the force F corresponding to the maximum displacement d achieved in that cycle and the same displacement (Ke = F/d) is assessed as a product of the equivalent dynamic shear modulus Gdinfor A/te. 
Equivalent viscous damping coefficient ξe is defined as the ratio between the energy dissipated in a complete load cycle Edand 2πFd, i.e. ξe = Ed /(2π Fd). 
Vertical stiffness Kvis defined as the ratio between the design vertical force Fv and the vertical displacement dv (Kv = Fv/dv). 
The maximum differences between the mechanical characteristics obtained in the qualification tests and the design values or the normal conditions of use, must be contained within the limits indicated in Table 11.9.IV. 
Variations must be assessed with reference to the third test cycle. The frequencies for assessing variations in mechanical characteristics are 0.1 Hz and 0.5 Hz. 
Table 11.9.IV 
	
	Supply
	Ageing
	Temperature
	Test frequency

	Ke 
	±20%
	±20%
	±20%
	±20%

	Kv
	-30%
	-
	-
	-

	ξe 
	±20%
	±20%
	±20%
	±20%


Vertical load variations, assessed as the difference between the corresponding values at maximum vertical load and minimum vertical load, must not exceed 15 % of the design value. 
11.9.7.1
Device acceptance tests 
Acceptance tests must be performed on at least 20 % of devices, or a minimum of 4, and no more than the number of devices to be installed in-situ. 
11.9.8.
SLIDING ISOLATORS 
Sliding isolators must be capable of withstanding at least five loading and unloading cycles under a maximum displacement equal to d2 . Cycles are considered favourably withstood if the coefficient of friction (f), in the cycles after the first, does not vary by more than 25 % with respect to the characteristics identified during the third cycle, or 
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[11.9.9]
with the characteristics assessed in the ith cycle identified by the subscript “(i)” and the characteristics assessed in the third cycle by the subscript “(3)”. Called ddc, the maximum design displacement of the isolation system's centre of stiffness, corresponding to the CLS, where the increase in force in the isolation system due to displacements between 0.5 ddc and ddc is less than 1.25 % of the total weight of the superstructure, the supporting function of the sliding isolators must be guaranteed up to displacements of 1.25 d2. 
11.9.8.1
Device acceptance tests 
Acceptance tests must be performed on at least 20 % of devices, or a minimum of 4, and no more than the number of devices to be installed in-situ. 
Where the isolators are equipped with supplementary elements or mechanisms intended to improve their seismic performance, at least one complete device with such supplementary parts shall also undergo a “quasi-static” test, running at least five full alternating deformation cycles with a maximum width of ± d2. The device may not be used in construction, unless its perfect functionality can be restored through the replacement of base elements. 
11.9.9.
“FUSE” TYPE FIXED RESTRAINT DEVICES 
Fuse devices can be classified into two categories: mechanical, where the release is determined by the release of sacrificial stops, or hydraulic, where the release is governed by the opening of a pressure relief valve. 
11.9.9.1
Device acceptance tests 
Acceptance tests on the devices are conducted following the procedures indicated below, and shall be considered successful if the results obtained differ from the qualification test results by no more than ±10%. 
▪
measurement of external geometry, with a tolerance of ±10 % on thicknesses and ±5 % on lengths for behaviour-determining components.
▪
Assessment of capacity to withstand at least three monotonic cycles with a maximum load equal to the design service value, with a tolerance of 10 %, in the absence of yield or failure. 
▪
Assessment of release force, subjecting the sample to a monotonic load through to fuse failure (release force). Tolerance with respect to the design value must be established by the engineer and, in the absence of such assessment, is ±15 %. 
Acceptance tests must be performed on at least 20 % of devices, or a minimum of 4, and no more than the number of devices to be installed in-situ. The device may not be used in construction, unless its perfect functionality can be restored through the replacement of base elements. 
11.9.10.
TEMPORARY (DYNAMIC) RESTRAINT DEVICES 
Available travel must depend on non-seismic design displacement deriving from slow actions, such as thermal, shrinkage, viscosity and any other relative displacement that may affect the parts connected by the device, including displacement due to compressibility of fluid under seismic action. In any case, travel must not be less than ±50 mm for bridges and ±25 mm for buildings. 
The device must have two spherical hinges at the ends to prevent leakage and deterioration of the seals, and its rotational capacity must be assessed, taking into account, the loads affecting the structure during its working life, the effects of earthquakes and any assembly misalignments. In any case, the rotation permitted by the hinges must be no less than 2 degrees. 
The devices must be designed in such a way as to prevent yield under the application of service loads and failure under collapse conditions. They must also be able to withstand the lateral acceleration resulting from seismic structural analyses at CLS and, in the absence of such assessment, they must withstand a minimum force equal to at least twice the weight of the device. The design and construction of the device must allow for maintenance during its working life and prevent effects of instability on the rods, in conditions of maximum extension and in reference to the installation configuration. 
The overpressure safety factor under design seismic conditions at CLS must be 1.5, except for devices equipped with an incorporated overload protection system, for which the system must be activated for a force less than 110 % of the design force and the safety factor must be assumed as at least 1.1. 
Device activation speed is typically between 0.5 mm/s and 5 mm/s, which are decidedly greater values than 0.01 mm/s. 
11.9.10.1
Device acceptance tests 
Acceptance tests must be performed on at least 20 % of devices, or a minimum of 4, and no more than the number of devices to be installed in-situ. The device may be used in construction following a verification of its perfect integrity upon completion of the tests. 
For acceptance tests for which there are no factory production control tests, the “overpressure” test is conducted through the assessment of behaviour with respect to an overload, ascertaining that the device activates the overpressure protection mechanism for a force less than 1.5 times the design force, where it is equipped with an internal protection mechanism, or suffers neither a loss of fluid nor system damage, where it is not, under the application of the following load history: 
a)
Design load reached in less than 0.5 seconds and constantly maintained for a time established by the engineer and, in any case, at least 5 seconds; 
b)
Load reversed in less than 1 second and constantly maintained for a time established by the engineer and, in any case, at least 5 seconds. 
11.10.
LOAD-BEARING WALLS 
11.10.1.
MASONRY UNITS 
Load-bearing masonry units must comply with the relevant harmonised European standard from the series UNI EN 771 and, as specified in point A of § 11.1, bear CE marking, in accordance with the system of assessment and verification of constancy of performance indicated in the following table.
Table 11.10.I 
	Applicable European Technical Specification
	Category
	System of Assessment and Verification of Constancy of Performance

	Specification for masonry units - Brick masonry units, calcium silicate masonry units, aggregate concrete masonry units (dense and lightweight aggregates), autoclaved aerated concrete masonry units, manufactured stone masonry units, natural stone masonry units UNI EN 771-1, 771-2, 771-3, 771-4, 771-5, 771-6.
	Category I
	2+

	
	Category II
	4


As specified in more detail in the harmonised European standards from the series UNI EN 771, Category I masonry units have a declared compressive strength, determined by the mean value or the characteristic value, and a probability of failure to reach it, not exceeding 5 %. Category II masonry units do not satisfy this requirement. 
The use of masonry units for Categories I and II load-bearing walls, is subject to the adoption of the corresponding safety coefficient γM in the design strength assessment, as indicated in paragraph 4.5.6. 
11.10.1.1
Acceptance tests 
In addition to that indicated in point A of § 11.1, the Project Manager is required to perform further acceptance tests on load-bearing masonry units delivered to the site following the test methods indicated in the aforementioned harmonised European standards.
Acceptance tests on the materials referred to in this section are mandatory for masonry units used as part of load-bearing walls and must be performed and certified by a laboratory referred to in Article 59 of Presidential Decree No 380/2001. 
The laboratory entrusted to perform the tests shall accept samples accompanied by a written letter of request from the Project Manager. The laboratory checks the condition of the specimens and reference documentation and, for any defects found in relation to the samples or where all or part of the instrumentation required for their identification is missing, the laboratory must suspend the tests and inform the Central Technical Service of the High Council of Public Works.
The sample may be taken by the same laboratory entrusted to perform the tests. Laboratories must store all tested samples for at least 30 days after the test certificates are issued for identification and tracking purposes.
11.10.1.1.1
Compressive strength of artificial or natural load-bearing masonry units
The site acceptance test is performed to ascertain whether masonry units to be installed on site, possess the characteristics declared by the manufacturer. 
Where the manufacturer has declared a mean strength, the test shall be performed on at least one sample for every 350 m3 supply for Category II masonry units, and for every 650 m3 for Category I masonry units. Each sample shall comprisenmasonry units (n≥6) to be subjected to compression testing. For each sample f1, f2, … fn shall be the compressive strengths of the elements with f1 < f2 < … < fn; a sample check shall be deemed passed if both the following differences are verified: 

(f1 + f2 + … + fn)/n ≥ fbm
[11.10.1]

f1 ≥ 0.80 fbm
[11.10.2]
where fbm is the mean compressive strength declared by the manufacturer. 
Where the manufacturer has not declared a mean strength, but has declared a characteristic strength, the site acceptance test shall be performed on at least one sample for every 350 m3 supply of Category II masonry units, rising to 650 m3 for Category I masonry units. For each sample, f1, f2, …f6 is the compressive strength of the six elements with f1 < f2 < … f6; the test is considered passed where the following difference is verified: f1≥ fbk, where fbk is the characteristic compressive strength declared by the manufacturer.
The Project Manager is responsible for ensuring, by applying initials, durable labels, etc., that the samples sent for testing to the laboratories are those taken in-situ, providing specific indications of the supply and of its position within the wall. 
The test procedures are indicated in UNI EN 772-1:2015. 
11.10.2.
MASONRY MORTARS 
The mechanical performance of a mortar is identified by its mean compressive strength, fm. 
The class of a mortar is identified by an initial containing the letter M followed by a number that indicates the strength fmexpressed in N/mm² according to Table 11.10.II. Mortars with a strength fm < 2.5 N/mm² are not permitted for use in load-bearing walls. 
To guarantee durability, the components of the mixture must satisfy the requirements contained in standard UNI EN 1008:2003 (mixing water) and in harmonised European standards UNI EN 13139 (aggregates for mortar) and UNI EN 13055 (lightweight aggregates).
Mortars may be factory-produced or produced in-situ from a mixture of sand, water and other binding components.
Factory-produced masonry mortars must be specified as either designed masonry mortars or as prescribed masonry mortars.
The composition of masonry mortars produced in-situ must be established in the design specifications.
11.10.2.1
Designed masonry mortars 
Designed masonry mortar must be specified by means of its compressive strength class with reference to the classification indicated in Table 11.10.II.
Table 11.10.II - Classes of designed masonry mortar
	Class
	M 2.5
	M 5
	M 10
	M 15
	M 20
	M d

	Compressive strength N/mm2
	2.5
	5
	10
	15
	20
	d

	d is a manufacturer-declared compressive strength greater than 25 N/mm² 


The procedures for determining the compressive strength of mortars are indicated in UNI EN 1015-11:2007.
Mortars for load-bearing masonry must offer guaranteed performance for use in terms of durability and mechanical performance, and must be compliant with harmonised European standard UNI EN 998-2 and, as specified in point A of § 11.1, bear CE marking, in accordance with the system of assessment and verification of constancy of performance indicated in the following Table 11.10.III. 
Table 11.10.III
	Applicable European Technical Specification
	Intended use
	System of Assessment and Verification of Constancy of Performance

	Mortar for masonry UNI EN 998-2
	Structural uses
	2+


11.10.2.2
Prescribed masonry mortars
For prescribed masonry mortars, their composition proportions in volume or mass of all constituents must be declared by the manufacturer.
Their mechanical strength must be verified through tests conducted in accordance with UNI EN 1015-11:2007.
Prescribed masonry mortars must also satisfy the indications given in harmonised European standard UNI EN 998-2, in accordance with the system of assessment and verification of constancy of performance indicated in Table 11.10.IV.
Table 11.10.IV
	Applicable European Technical Specification
	Intended use
	System of Assessment and Verification of Constancy of Performance

	Mortar for masonry UNI EN 998-2
	Structural and non-structural uses
	4


For the volume compositions described in Table 11.10.V, the specified strength class may be associated. 
Table 11.10.V - Correspondence between strength class and volume composition of mortars 
	Class
	Type of mortar
	Composition

	
	
	Cement
	Air lime
	Hydraulic lime
	Sand
	Pozzolana

	M 2.5
	Hydraulic
	–
	–
	1
	3
	–

	M 2.5
	Pozzolanic
	–
	1
	–
	–
	3

	M 2.5
	Rough
	1
	–
	2
	9
	–

	M 5
	Rough
	1
	–
	1
	5
	–

	M 8
	Cement
	2
	–
	1
	8
	–

	M 12
	Cement
	1
	–
	–
	3
	–


11.10.2.3
Mortars produced in-situ
For mortars produced in-situ, the mixtures are calibrated according to the design specifications. The mortars must offer guaranteed performance for use in terms of durability and mechanical performance.
11.10.2.4
Acceptance tests
Acceptance tests on structural mortars are performed to verify that the strength of the mortar complies with the design values assumed and specified by the engineer. 
The laboratory entrusted to perform the tests shall accept samples accompanied by a written letter of request from the Project Manager. The laboratory checks the condition of the specimens and reference documentation and, for any defects found in relation to the samples or where all or part of the instrumentation required for their identification is missing, the laboratory must suspend the tests and inform the Central Technical Service of the High Council of Public Works.
The sample may be taken by the same laboratory entrusted to perform the tests. Laboratories must store all tested samples for at least 30 days after the test certificates are issued for identification and tracking purposes.
The Project Manager must conduct acceptance tests on mortars in accordance with the following indications.
The acceptance test is performed on homogeneous mixtures and requires the sampling of at least three 40 x 40 x 160 mm prismatic specimens every 350 m3 of masonry produced using the mixture in the case of prescribed or in-situ mortars, or every 700 m3 of masonry produced using the mixture in case of designed mortars, to be subjected to flexure, followed by compression on the six remaining units, in accordance with the indications given in standard UNI EN 1015-11:2007. The mean value of the compressive strengths measured, must be equal to or exceed the design value.
11.10.3.
DETERMINATION OF THE MECHANICAL PARAMETERS OF MASONRY 
11.10.3.1
Compressive strength 
11.10.3.1.1
Experimental determination of compressive strength 
Characteristic compressive strength is determined onn walls (n ≥6), following the procedure described in standard UNI EN 1052-1:2001. 
The characteristic strength test must be supplemented with a material verification, to be performed as follows: 
–
mortar: three 40 x 40 x 160 mm prismatic specimens to be subjected to flexure, followed by compression on the six remaining units, in accordance with standard UNI EN 1015-11:2007; 
–
load-bearing elements: 10 elements to be subjected to compression with direction of the normal load to the installation bed, in accordance with harmonised European standard UNI EN 772-1. 
11.10.3.1.2
Estimation of compressive strength 
In the design phase, for masonry walls comprising full or half-full artificial masonry units, the characteristic compressive strength of the wall fk may be taken from the characteristic compressive strength of the masonry units and of the class to which the mortar belongs as shown in Table 11.10.VI. To use the table, where the compressive strength of the masonry unit is declared in terms of mean value fbm, in the absence of a direct experimental determination, the characteristic strength of the masonry unit fbk may be estimated using the ratio fbk= 0.8 fbm. The table is only valid for masonry walls with mortar-filled horizontal and vertical joints of a thickness between 5 and 15 mm. For values not included in the table, linear interpolation is permitted; under no circumstances are extrapolations permitted. 
Table 11.10.VI - Values of fk for masonry walls made from solid and semi-solid artificial masonry units (values in N/mm2 ) 
	Characteristic compressive strength fbk of the masonry unit N/mm2 
	Type of mortar 

	
	M15 
	M10 
	M5 
	M2.5 

	2.0 
	1.2 
	1.2 
	1.2 
	1.2 

	3.0 
	2.2 
	2.2 
	2.2 
	2.0 

	5.0 
	3.5 
	3.4 
	3.3 
	3.0 

	7.5 
	5.0 
	4.5 
	4.1 
	3.5 

	10.0 
	6.2 
	5.3 
	4.7 
	4.1 

	15.0 
	8.2 
	6.7 
	6.0 
	5.1 

	20.0 
	9.7 
	8.0 
	7.0 
	6.1 

	30.0 
	12.0 
	10.0 
	8.6 
	7.2 

	40.0 
	14.3 
	12.0 
	10.4 
	–


For masonry walls consisting of natural masonry units, the characteristic compressive strength of the masonry unit fbk is typically assumed as: 

fbk = 0.75 fbm
[11.10.3]
where fbm represents the mean compressive strength of the masonry units in squared stone. 
The characteristic compressive strength of the wall fk, may be taken from the characteristic compressive strength of the masonry units fbkand of the class to which the mortar belongs, as shown in Table 11.10.VII. 
Table 11.10.VII - Values of fk for masonry walls made from solid and semi-solid natural masonry units (values in N/mm2) 
	Characteristic compressive strength fbk of the masonry unit
	Type of mortar

	
	M15 
	M10 
	M5 
	M2.5 

	2.0 
	1.0 
	1.0 
	1.0 
	1.0 

	3.0 
	2.2 
	2.2 
	2.2 
	2.0 

	5.0 
	3.5 
	3.4 
	3.3 
	3.0 

	7.5 
	5.0 
	4.5 
	4.1 
	3.5 

	10.0 
	6.2 
	5.3 
	4.7 
	4.1 

	15.0 
	8.2 
	6.7 
	6.0 
	5.1 

	20.0 
	9.7 
	8.0 
	7.0 
	6.1 

	30.0 
	12.0 
	10.0 
	8.6 
	7.2 

	≥ 40.0 
	14.3 
	12.0 
	10.4 
	–


Again, in this case, for values not included in the table, linear interpolation is permitted; under no circumstances are extrapolations permitted. 
As an alternative to the experimental determination of compressive strength, for the estimation of the characteristic compressive strength of a masonry wall made from artificial and natural masonry units, reference may also be made to the indications in § 3.6 of standard UNI EN 1996-1-1:2013, along with the relevant National Annex. For the determination of the normalised strength of the block fb to which these regulations refer, where it is not declared by the manufacturer, the factors of conversion of the mean compressive strength of the block contained in Annex A to UNI EN 772-1 are used.
11.10.3.2
Characteristic shear strength in the absence of normal stresses 
11.10.3.2.1
Experimental determination of shear strength 
Experimental characteristic shear strength is determined on n samples (n ≥6) following, both for the preparation and for the test, the procedures indicated in standard UNI EN 1052-3:2007 and, where applicable, UNI EN 1052-4:2001. Alternatively, characteristic shear strength may be assessed with diagonal compression tests onn masonry wall samples (n ≥6) following, both for the preparation and for the test, the procedures indicated in regulations of proven validity. 
11.10.3.2.2
Estimation of shear strength 
In the design phase, for masonry walls comprising artificial or natural squared stone masonry units, the value of fvk0 , as an alternative to the experimental determination, may be taken from Table 11.10.VIII. For values not included in the table, linear interpolation is permitted; under no circumstances are extrapolations permitted. For material characteristics (mortar strength or block strength) other than those indicated in the table, experimental determination must be used. 
Table 11.10.VIII - Characteristic shear strength in the absence of normal stresses fvk0 (values in N/mm2) 
	Masonry units
	fvk0 (N/mm2)

	
	Ordinary mortar of a given strength class
	Thin layer mortar (horizontal joint ≥ 0.5 mm and ≤ 3 mm)
	Lightened mortar

	Brick
	M10 - M20
	0.30
	0.30*
	0.15

	
	M2.5 - M9
	0.20
	
	

	
	M1 - M2
	0.10
	
	

	Calcium silicate
	M10 - M20
	0.20
	0.20**
	0.15

	
	M2.5 - M9
	0.15
	
	

	
	M1 - M2
	0.10
	
	

	Aggregate concrete
Autoclaved aerated concrete
Artificial stone and solid natural stone
	M10 - M20
M2.5 - M9
M1 - M2
	0.20
0.15
0.10
	0.20**
	0.15


* value applies to mortars of class M10 or higher and with a block strength fbk≥ 5.0 N/mm2
**value applies to mortars of class M5 or higher and with a block strength fbk≥ 3.0 N/mm2
The values in the table can be used directly in the case of horizontal and vertical mortar-filled joints. In the case of horizontal mortar-filled joints and vertical non-filled joints, with the adjacent faces of the masonry wall units placed in contact with one another, the values of the table are halved. For the estimation of shear strength of a masonry wall with an interrupted mortar bed, in which the masonry units are arranged over two or more equal strips of ordinary filled mortar, the values of fvk0 for the filled bed are reduced in accordance with the indications given in standard UNI EN 1996-1-1 together with the related National Annex. 
11.10.3.3
Characteristic shear strength 
In the presence of compressive stresses, the characteristic shear strength of the masonry wall, fvk, is defined as resistance to the combined effect of horizontal forces and vertical loads acting in the plane of the wall and can be obtained using the equation 

fvk = fvk0 + 0.4 (n
[11.10.4]
where:
fvk0
is the characteristic shear strength in the absence of vertical loads;
(n
is the average normal stress due to vertical loads acting in the cross-section of verification.
The following equation must also be satisfied: 

fvk ≤ fvk,lim
[11.10.5]
where: 
fvk,lim
maximum characteristic shear strength that may be used in the calculation; 
The maximum characteristic shear strength is taken as:


[image: image598.wmf],lim

0,065

vkb

ff

=


[11.10.6]
with the exception of filled aerated autoclaved concrete elements and all elements characterised by tensile strength (measured in the horizontal direction parallel to the ground level) equal to or exceeding 0.2 fb, for which:
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[11.10.7]
where fb is the normalised vertical compressive strength of the blocks assessed in accordance with the harmonised standards from the series UNI EN 771. The values of fvk,lim shown above relate to masonry walls with mortar-filled vertical joints. In the case of horizontal mortar-filled joints and vertical non-filled joints, with the adjacent faces of the masonry wall units placed in contact with one another, it is taken that fvk,lim = 0.045 fb.
11.10.3.4
Secant modulus of elasticity 
The normal secant modulus of elasticity of the masonry wall is assessed through experimental tests on n walls (n ≥ 6) following, both for the preparation and for the test, the procedures indicated in standard UNI EN 1052-1:2001. 
In the design phase, in the absence of an experimental determination, the following values may be assumed in the calculations: 
–
normal secant modulus of elasticity E = 1 000 fk
[11.10.8]
–
tangential secant modulus of elasticity
G = 0.4 E
[11.10.9].
 CHAPTER 12.
TECHNICAL REFERENCES
 TC " CHAPTER 12 - TECHNICAL REFERENCES" \f C \l "1" 
For any aspects not covered in this regulation, the indications given in the following documents are considered to be consistent with the principles on which it is based: 
-
Structural Eurocodes published by the CEN, with the specifications indicated in the National Annexes; 
-
Harmonised UNI EN standards, references to which are published in the Official Journal of the European Union; 
-
Standards for tests on materials and products published by UNI. 
To supplement these regulations, to the extent that they are not in conflict with them, the documents indicated below may also be used, which constitute references of proven validity: 
-
Instructions of the Italian High Council of Public Works;
-
Guidelines of the Central Technical Service of the High Council of Public Works;
-
Guidelines for the assessment and reduction of seismic risk to cultural heritage and subsequent amendments of the Ministry of Cultural Heritage and Activities, having obtained the opinion of the High Council of Public Works on the document; 
-
Instructions and technical documents of the Italian National Research Council (CNR).
For any aspects not covered in this regulation or in the documents of proven validity listed above, other international codes may also be used; the engineer is responsible for ensuring levels of safety that are consistent with those in these technical regulations.
The High Council of Public Works, through its Central Technical Service, draws up and publishes, having consulted with the National Research Council (CNR) and the Italian Organisation for Standardisation (UNI), the list of documents which are to be used as a technical reference for the Technical Building Regulations in accordance with this chapter. A similar procedure is followed for periodic updates to the list, as well as for updates to the lists of UNI, EN and ISO voluntary technical specifications referred to in this regulation.
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