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Foreword 

TCVN 9386: 2012 was transferred from TCXDVN 375:2006 into Vietnam National standard as 

stipulated in Section 1, Article 69 of the Law on Standards and Technical Regulations and in Point a, 

Section 1, Article 6 of Decree No 127/2007/ND-CP of the Government dated 01 August 2007 detailing 

the implementation of a number of articles of the Law on Standards and Technical Regulation. 

TCVN 9386: 2012 was prepared by  Vietnam Institute for Building Science and Technology, proposed 

Ministry of Construction, appraised by Directorate for Standards, Metrology and Quality, and 

announced by Ministry of Science and Technology. 
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Introduction 

TCVN 9386:2012 Design of structures for earthquake resistance was prepared on the basis of "Eurocode 

8: Design of structures for earthquake resistance" with amendment or replacement for parts with the 

specific characterisistics of Vietnam. 

Eurocode 8 comprises  6 following  parts: 

EN1998-1 General rules, seismic actions and rules for buildings  

EN1998-2 Bridges 

EN1998-3 Assesssment and retrofitting of buildings 

EN1998-4 Silos, tanks and pipelines 

EN1998-5 Foundations, retaining structures and geotechnical aspects 

EN1998-6 Towers, masts and chimney   

In this publication, parts relating to buildings and works corresponding to the following parts of 

Eurocode 8 are concerned: 

Part 1 corresponding to EN1998-1; 

Part 2 corresponding to EN1998-5; 

Amendments or replacements for Part 1: 

Annex E (Normative) Level and coefficient of importance 

Annex F (Normative) Classification for construction structure 

Annex G  (Normative) Zoning maps of background acceleration on Vietnam Territory 

Annex H (Normative) Zoning table of background acceleration according to administrative place-

names 

Annex I (Informative) Converting table from top of background acceleration into seism grade 

General reference standards quoted in clause 1.2.1 is still not yet replaced by any current standards of 
Vietnam, since it required to ensure the comprehensiveness between the standards in European standard 
system. The Standard System of Vietnam approaching European Standard System shall promulgate 
these quoted standard one after the other. 

The zoning map of background acceleration of Vietnam territory as the result of independant subject of 
national level. "The research of earthquake forecast and foundation oscillation in Vietnam, to be 
established and taken legal responsibility by Global physics Institute which to be checked and taken over 
in 2005 by National Council of Inspection. The map used in this standard having reliability and legality 
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equivalent to a special version of the map with the same name which has been corrected under the 
proposal in the valuation repport of National Council of Inspection. 

In the acceleration zoning map, top of background acceleration reference to agR in territory of Vietnam is 
performed by isolines. The value of agR between the two isolines should be defined in accordance with 
linear interpolation. In the areas may have conflicts of background acceleration, the value of agR should 
be decided by the investor. 

From top of background acceleration agR is able to change to earthquake level under MSK-64 ladder, 
MM ladder or other graded ladders when it’s required to apply the different design standards for 
earthquake resistant structures. 

Following the value of designed background acceleration ag = γI.agR, divided into 3 cases of earthquakes 

- Strong earthquake ag ≥ 0,08g, must calculate and design of seismic resistance. 
- Weak earthquake 0,04g ≤ ag < 0,08g, only required to apply the lighten seismic resistant solutions. 
- Very weak earthquake ag < 0,04g, no necessary to design seismic resistance. 

In Eurocode 8, it proposed to use two types of spectrum curves, spectrum curve type 1 to be used for the 
areas having seismic intensity Ms ≥ 5,5, spectrum curve type 2 to be used for the area having seismic 
intensity Ms < 5,5. In this standard should use spectrum curve type 1 because most of areas occurred 
earthquakes in Vietnam having seismic intensity Ms ≥ 5,5. 

Should not design the earthquake resistant structures the same for all type pf structures, the different 
structures should have the different designs for earthquake resistance. Depending on levels and the 
importance of structures considering to apply the suitable coefficient of importance γI. In case it may 
have conflicts of important level, value γI should be decided by the investor. 
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VIETNAM NATIONAL STANDARD          TCVN 9386-1: 2012 
Design of structures for earthquake resistances. Part 1: General 

rules, seismic actions and rules for buildings  

1. General 

1.1 Scope 

1.1.1 Scope of the standard:  Design of structures for earthquake resistances 

(1)P This standard applies to the design and construction of buildings and civil engineering works in 

seismic regions. Its purpose is to ensure that in the event of earthquakes: 

−   human lives are protected; 

−  damage is limited; and 

−  structures important for civil protection remain operational. 

NOTE The random nature of the seismic events and the limited resources available to counter their effects are such as to 

make the attainment of these goals only partially possible and only measurable in probabilistic terms. The extent of the 

protection that can be provided to different categories of buildings, which is only measurable in probabilistic terms, is a 

matter of optimal allocation of resources and is therefore expected to vary from country to country, depending on the relative 

importance of the seismic risk with respect to risks of other origin and on the global economic resources. 

(2)P Special structures, such as nuclear power plants, offshore structures and large dams, are beyond the 

scope of EN 1998. 

(3)P This standard contains only those provisions that, in addition to the provisions of the other relevant 

Eurocodes, must be observed for the design of structures in seismic regions. It complements in this 

respect the other standards. 

1.1.2    Scope of Part 1 

(1) This part applies to the design of buildings and civil engineering works in seismic regions. It is 

subdivided in 10 Sections, some of which are specifically devoted to the design of buildings. 

(2) Section 2 of this part contains the basic performance requirements and compliance criteria applicable 

to buildings and civil engineering works in seismic regions. 

(3) Section 3 of this part gives the rules for the representation of seismic actions and for their 

combination with other actions.  

(4) Section 4 of this part contains general design rules relevant specifically to buildings. 
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(5) Sections  5  to  9  of  this part  contain  specific  rules  for  various  structural materials and elements, 

relevant specifically to buildings as follows: 

−   Section 5: Specific rules for concrete buildings; 

−   Section 6: Specific rules for steel buildings; 

−   Section 7: Specific rules for composite steel-concrete buildings; 

−   Section 8: Specific rules for timber buildings; 

−   Section 9: Specific rules for masonry buildings. 

(6) Section 10 contains the fundamental requirements and other relevant aspects of design and safety 

related to base isolation of structures and specifically to base isolation of buildings. 

(7) Annex C contains additional elements related to the design of slab reinforcement in steel-concrete 

composite beams at beam-column joints of moment frames. 

NOTE Informative Annex A and  informative Annex B contain additional elements related to the elastic displacement 

response spectrum and to target displacement for pushover analysis. 

1.2 Normative References 

(1)P     This standard incorporates by dated or undated reference, provisions from other publications. 

These normative references are cited at the appropriate places in the text and the publications are listed 

hereafter. For dated references, subsequent amendments to or revisions of any of these publications 

apply to this Standard only when incorporated in it by amendment or revision. For undated 

references the latest edition of the publication referred to applies. 

1.2.1    General reference standards 

EN 1990 Eurocode - Basis of structural design 

EN 1992-1-1 Eurocode  2  –  Design  of  concrete  structures  –  Part  1-1:  General  – Common rules 

for building and civil engineering structures 

EN 1993-1-1 Eurocode 3 – Design of steel structures – Part 1-1: General – General rules 

EN 1994-1-1 Eurocode 4 – Design of composite steel and concrete structures – Part 1-1: General – 

Common rules and rules for buildings 

EN 1995-1-1 Eurocode 5 – Design of timber structures – Part 1-1: General – Common rules and rules 

for buildings 

EN 1996-1-1 Eurocode 6 – Design of masonry structures – Part 1-1: General –Rules for reinforced 

and unreinforced masonry 
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EN 1997-1  Eurocode 7 - Geotechnical design – Part 1: General rules 

1.2.2    Reference Codes and Standards 

(1)P For the application of this standard, reference shall be made to EN 1990, to EN 1997 and to EN 

1999. 

(2) This standard incorporates other normative references cited at the appropriate places in the text. 

They are listed below: 

TCVN 7870 (ISO 80000), the international system of units (SI) and its publication; 

EN 1090-1 Execution  of  steel  structures  –  Part  1:  General  rules  and  rules  for buildings. 

1.3    Assumptions 

(1) The general assumptions are: 

-   the choice of the structural system and the design of the structure are made by appropriately qualified 

and experienced personnel; 

–  execution is carried out by personnel having the appropriate skill and experience; 

–  adequate supervision and quality control is provided during execution of the work, i.e. in design 

offices, factories, plants, and on site; 

–  the construction materials and products are used as specified in the relevant execution 

standards, or reference material or product specifications; 

–  the structure will be adequately maintained; 

–  the structure will be used in accordance with the design assumptions. 

(2)P It  is  assumed  that  no  change  in  the  structure  will  take  place  during  the construction phase 

or during the subsequent life of the structure, unless proper justification and verification is provided. 

Due to the specific nature of the seismic response this applies even in the case of changes that lead to an 

increase of the structural resistance. 

1.4    Distinction between principles and application rules 

(1) The Principles comprise: 

–  general statements and definitions for which there is no alternative, as well as ; 

–  requirements and analytical models for which no alternative is permitted unless specifically stated. 

(2) The Principles are identified by the letter P following the paragraph number. 

(3) The Application Rules are generally recognized rules which comply with the principles and satisfy 
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their requirements. 

(4) It is permissible to use alternative design rules different from the Application Rules, provided that it 

is shown that the alternative rules accord with the relevant Principles and are at least equivalent with 

regard to the structural safety, serviceability and durability which would be expected when using the 

standards. 

(5) The Application Rules are identified by a number in brackets e.g.(1). 

1.5    Terms and definitions 

1.5.1    Common terms common  

1.5.1.1 

construction works 

everything that is constructed or results from human labour force, construction operations. . It refers to 

the complete construction works comprising structural, non-structural and geotechnical elements. 

Construction works covers both building and civil engineering works 

1.5.1.2 

type of building or civil engineering works 

type of construction works designating its intended purpose, e.g. dwelling house, retaining wall, 

industrial building, road bridge 

1.5.1.3 

type of construction 

indication of the principal structural material, e.g. reinforced concrete construction, steel 

construction, timber construction, masonry construction, steel and concrete composite construction 

1.5.1.4 

method of construction 

manner in which the execution will be carried out, e.g. cast in place, prefabricated, cantilevered 

1.5.1.5 

construction material 

material used in construction work, e.g. concrete, steel, timber, masonry 

1.5.1.6 
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structure 

organized combination of connected parts designed to carry loads and provide adequate rigidity 

1.5.1.7 

structural member 

physically distinguishable part of a structure, e.g. a column, a beam, a slab, a foundation pile 

1.5.1.8 

form of structure 

arrangement of structural members 

1.5.1.9 

structural system 

load-bearing members of a building or civil engineering works and the way in which these members 

function together 

1.5.1.10 structural model 

idealization of the structural system used for the purposes of analysis, design and verification 

1.5.1.11 execution 

all activities carried out for the physical completion of the work including procurement, the inspection 

and documentation thereof 

NOTE The term covers work on site; it may also signify the fabrication of components off site and their subsequent 

erection on site. 

1.5.1.12  Special terms relating to design in general 

1.5.1.12.1 

design criteria 

quantitative formulations that describe for each limit state the conditions to be fulfilled 

1.5.1.12.2 

design situations 

sets of physical conditions representing the real conditions occurring during a certain time interval for 

which the design will demonstrate that relevant limit states are not exceeded 

1.5.1.12.3 
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transient design situation 

design situation that is relevant during a period much shorter than the design working life of the 

structure and which has a high probability of occurrence 

NOTE: transient design situation refers to temporary conditions of the structure, of use, or exposure, e.g. during construction 

or repair. 

1.5.1.12.4 

persistent design situation 

design situation that is relevant during a period of the same order as the design working life of the 

structure 

NOTE Generally it refers to conditions of normal use. 

1.5.1.12.5 

accidental design situation 

design situation involving exceptional conditions of the structure or its exposure, including fire, 

explosion, impact or local failure 

1.5.1.12.6 

fire design 

design of a structure to fulfill the required performance in case of fire 

1.5.1.12.7 

seismic design situation 

design situation involving exceptional conditions of the structure when subjected to a seismic event 

1.5.1.12.8 

design working life 

assumed period for which a structure or part of it is to be used for its intended purpose with 

anticipated maintenance but without major repair being necessary 

1.5.1.12.9  

hazard 

an unusual and severe event, e.g. an abnormal action or environmental influence, insufficient strength 

or resistance, or excessive deviation from intended dimensions 

1.5.1.12.10 
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load arrangement 

identification of the position, magnitude and direction of a free action 

1.5.1.12.11  

load case 

compatible load arrangements, sets of deformations and imperfections considered simultaneously 

with fixed variable actions and permanent actions for a particular verification 

1.5.1.12.12  

limit states 

states beyond which the structure no longer fulfils the relevant design criteria 

1.5.1.12.13 

ultimate limit states 

states associated with collapse or with other similar forms of structural failure 

NOTE They generally correspond to the maximum load-carrying resistance of a structure or structural member. 

1.5.1.12.14 

serviceability limit states 

states that correspond to conditions beyond which specified service requirements for a structure or 

structural member are no longer met 

1.5.1.12.15 

irreversible serviceability limit states 

serviceability limit states where some consequences of actions exceeding the specified service 

requirements will remain when the actions are removed 

1.5.1.12.16 

reversible serviceability limit states 

serviceability limit states where no consequences of actions exceeding the specified service 

requirements will remain when the actions are removed 

1.5.1.12.17 

serviceability criterion 

design criterion for a serviceability limit state 
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1.5.1.12.18  

resistance 

capacity of a member or component, or a cross-section of a member or component of a structure, to 

withstand actions without mechanical failure e.g. bending resistance, buck- ling resistance, tension 

resistance 

1.5.1.12.19 

strength 

mechanical property of a material indicating its ability to resist actions, usually given in units of stress 

1.5.1.12.20  

reliability 

ability of a structure or a structural member to fulfill the specified requirements, including the design 

working life, for which it has been designed. Reliability is usually ex- pressed in probabilistic terms 

NOTE  Reliability covers safety, serviceability and durability of a structure. 

1.5.1.12.21  

reliability differentiation 

measures intended for the socio-economic optimisation of the resources to be used to build construction 

works, taking into account all the expected consequences of failures and the cost of the construction 

works 

1.5.1.12.22 

basic variable 

part of a specified set of variables representing physical quantities which characterise actions and 

environmental influences, geometrical quantities, and material properties including soil properties 

1.5.1.12.23 

maintenance 

set of activities performed during the working life of the structure in order to enable it to fulfill the 

requirements for reliability 

NOTE  Activities to restore the structure after an accidental or seismic event are normally outside the scope of 

maintenance. 

1.5.1.12.24 
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repair 

activities performed to preserve or to restore the function of a structure that fall outside the definition 

of maintenance 

1.5.1.12.25 

nominal value 

value fixed on non-statistical bases, for instance on acquired experience or on physical conditions 

1.5.1.13 Terms relating to actions 

1.5.1.13.1  

action (F) 

a) Set of forces (loads) applied to the structure (direct action); 

b) Set of imposed deformations or accelerations caused for example, by temperature changes, moisture 

variation, uneven settlement or earthquakes (indirect action). 

1.5.1.13.2 

effect of action (E) 

effect of actions (or action effect) on structural members, (e.g. internal force, moment, stress, strain) or 

on the whole structure (e.g. deflection, rotation) 

1.5.1.13.3 

permanent action (G) 

action that is likely to act throughout a given reference period and for which the variation in magnitude 

with time is negligible, or for which the variation is always in the same direction (monotonic) until 

the action attains a certain limit value 

1.5.1.13.4 

variable action (Q) 

action for which the variation in magnitude with time is neither negligible nor monotonic 

1.5.1.13.5 

accidental action (A) 

action, usually of short duration but of significant magnitude, that is unlikely to occur on a given 

structure during the design working life 

NOTE 1 An accidental action can be expected in many cases to cause severe consequences unless appropriate measures are 
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taken. 

NOTE 2 Impact, snow, wind and seismic actions may be variable or accidental actions, depending on the available 

information on statistical distributions. 

1.5.1.13.6 

seismic action (AE) 

action that arises due to earthquake ground motions 

1.5.1.13.7 

geotechnical action 

action transmitted to the structure by the ground, fill or groundwater 

1.5.1.13.8 

fixed action 

action that has a fixed distribution and position over the structure or structural member such that the 

magnitude and direction of the action are determined unambiguously for the whole structure or 

structural member if this magnitude and direction are determined at one point on the structure or 

structural member 

1.5.1.13.9 

free action 

action that may have various spatial distributions over the structure 

1.5.1.13.10 

single action 

action that can be assumed to be statistically independent in time and space of any other action acting on 

the structure 

1.5.1.13.11  

static action 

action that does not cause significant acceleration of the structure or structural members 

1.5.1.13.12  

dynamic action 

action that causes significant acceleration of the structure or structural members 
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1.5.1.13.13 

quasi-static action 

dynamic action represented by an equivalent static action in a static model 

1.5.1.13.14 

characteristic value of an action (Fk) 

principal representative value of an action 

NOTE In so far as a characteristic value can be fixed on statistical bases, it is chosen so as to correspond to a prescribed 

probability of not being exceeded on the unfavourable side during a "reference period" taking into account the design working 

life of the structure and the duration of the design situation. 

1.5.1.13.15  

reference period 

chosen period of time that is used as a basis for assessing statistically variable actions, and possibly 

for accidental actions 

1.5.1.13.16 

combination value of a variable action (ψ0 Qk) 

value chosen - in so far as it can be fixed on statistical bases - so that the probability that the effects 

caused by the combination will be exceeded is approximately the same as by the characteristic value of 

an individual action. It may be expressed as a determined part of the characteristic value by using a 

factor ψ0 ≤ 1 

1.5.1.13.17 

frequent value of a variable action (ψ1 Qk ) 

value determined - in so far as it can be fixed on statistical bases - so that either the total time, within the 

reference period, during which it is exceeded is only a small given part of the reference period, or the 

frequency of it being exceeded is limited to a given value. It may be expressed as a determined part of 

the characteristic value by using a factor ψ1 ≤ 1 

1.5.1.13.18 

quasi-permanent value of a variable action (ψ2Qk) 

value determined so that the total period of time for which it will be exceeded is a large fraction of the 

reference period. It may be expressed as a determined part of the characteristic value by using a factor 

ψ2 ≤ 1 
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1.5.1.13.19 

accompanying value of a variable action (ψ Qk) 

value of a variable action that accompanies the leading action in a combination 

NOTE  The accompanying value of a variable action may be the combination value, the frequent value or the quasi-

permanent value. 

1.5.1.13.20 

representative value of an action (Frep) 

value used for the verification of a limit state. A representative value may be the characteristic value 

(Fk) or an accompanying value (ψFk) 

1.5.1.13.21 

design value of an action (Fd) 

value obtained by multiplying the representative value by the partial factor γf 

NOTE  The product of the representative value multiplied by the partial factor γF  = γSd x  γf  may also be designated as the 

design value of the action (See 6.3.2). 

1.5.1.13.22 

combination of actions 

set of design values used for the verification of the structural reliability for a limit state under the 

simultaneous influence of different actions 

1.5.1.14 Terms relating to material and product properties 

1.5.1.14.1 

characteristic value (Xk or Rk) 

value of a material or product property having a prescribed probability of not being attained in a 

hypothetical unlimited test series. This value generally corresponds to a specified fractile of the assumed 

statistical distribution of the particular property of the material or product. A nominal value is used as 

the characteristic value in some circumstances 

1.5.1.14.2 

design value of a material or product property (Xd or Rd) 

value obtained by dividing the characteristic value by a partial factor γm or γM, or, in special 

circumstances, by direct determination 
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1.5.1.14.3 

nominal value of a material or product property (Xnom or Rnom) 

value normally used as a characteristic value and established from an appropriate document  

1.5.1.15 Terms relating to geometrical data 

1.5.1.15.1 

characteristic value of a geometrical property (ak) 

value usually corresponding to the dimensions specified in the design. Where relevant, values of 

geometrical quantities may correspond to some prescribed fractiles of the statistical distribution 

1.5.1.15.2 

design value of a geometrical property (ad) 

generally a nominal value. Where relevant, values of geometrical quantities may correspond to some 

prescribed fractile of the statistical distribution 

NOTE  The design value of a geometrical property is generally equal to the characteristic value. How- ever, it may be 

treated differently in cases where the limit state under consideration is very sensitive to the value of the geometrical 

property, for example when considering the effect of geometrical imperfections on buckling. In such cases, the design value 

will normally be established as a value specified directly, for example in an appropriate European Standard or Prestandard. 

Alternatively, it can be established from a statistical basis, with a value corresponding to a more appropriate fractile 

(e.g. a rarer value) than applies to the characteristic value. 

1.5.1.16 Terms relating to structural analysis 

1.5.1.16.1 

structural analysis 

procedure or algorithm for determination of action effects in every point of a structure 

NOTE A structural analysis may have to be performed at three levels using different models : global analysis, member analysis, 

local analysis. 

1.5.1.16.2 

global analysis 

determination, in a structure, of a consistent set of either internal forces and moments, or stresses that are in 

equilibrium with a particular defined set of actions on the structure, and depend on geometrical, structural 

and material properties 

1.5.1.16.3 
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first order linear-elastic analysis without redistribution 

elastic  structural  analysis  based  on  linear  stress/strain  or  moment/curvature  laws  and performed on 

the initial geometry 

1.5.1.16.4 

first order linear-elastic analysis with redistribution 

linear elastic analysis in which the internal moments and forces are modified for structural design, 

consistently with the given external actions and without more explicit calculation of the rotation capacity 

1.5.1.16.5 

second order linear-elastic analysis 

elastic structural analysis, using linear stress/strain laws, applied to the geometry of the deformed 

structure 

1.5.1.16.6 

first order non-linear analysis 

structural analysis, performed on the initial geometry, that takes account of the non-linear deformation 

properties of materials 

NOTE First order non-linear analysis is either elastic with appropriate assumptions, or elastic-perfectly plastic, or elasto-plastic or 

rigid-plastic . 

1.5.1.16.7 

second order non-linear analysis 

structural analysis, performed on the geometry of the deformed structure, that takes account of the nonlinear 

deformation properties of materials 

NOTE Second order non-linear analysis is either elastic-perfectly plastic or elasto-plastic. 

1.5.1.16.8 

first order elastic-perfectly plastic analysis 

structural analysis based on moment/curvature relationships consisting of a linear elastic part followed by a 

plastic part without hardening, performed on the initial geometry of the structure 

1.5.1.16.9 

second order elastic-perfectly plastic analysis 

structural analysis based on moment/curvature relationships consisting of a linear elastic part followed by a 

Information Center for Standards, Metrology and Quality- 8 Hoang Quoc Viet Street, Cau Giay, Hanoi, Vietnam, Tel: 844 37562608. 



TCVN 9386-1:2012 

 22

plastic part without hardening, performed on the geometry of the displaced (or deformed) structure 

1.5.1.16.10 

elasto-plastic analysis (first or second order) 

structural analysis that uses stress-strain or moment/curvature relationships consisting of a linear elastic 

part followed by a plastic part with or without hardening 

NOTE In general, it is performed on the initial structural geometry, but it may also be applied to the geometry of the displaced (or 

deformed) structure. 

1.5.1.16.11 

rigid plastic analysis 

analysis,  performed  on  the  initial  geometry  of  the  structure,  that  uses  limit  analysis theorems for 

direct assessment of the ultimate loading 

NOTE The moment/curvature law is assumed without elastic deformation and without hardening. 

1.5.2 Other terms 

1.5.2.1  

Behavior factor 

factor used for design purposes to reduce the forces obtained from a linear analysis, in order to account 

for the non-linear response of a structure, associated with the material, the structural system and the 

design procedures 

1.5.2.2 

Capacity design method 

design method in which elements of the structural system are chosen and suitably designed and detailed 

for energy dissipation under severe deformations while all other structural elements are provided with 

sufficient strength so that the chosen means of energy dissipation can be maintained 

1.5.2.3 

Dissipative structure 

structure which is able to dissipate energy by means of ductile hysteretic behaviour and/or by other 

mechanisms 

1.5.2.4 

Dissipative zones 
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predetermined parts of a dissipative structure where the dissipative capabilities are mainly located 

NOTE 1 These are also called critical regions. 

1.5.2.5 

Dynamically independent unit 

structure or part of a structure which is directly subjected to the ground motion and whose response is 

not affected by the response of adjacent units or structures 

1.5.2.6 

Importance factor 

factor which relates to the consequences of a structural failure 

1.5.2.7 

Non-dissipative structure 

structure designed for a particular seismic design situation without taking into account the non-linear 

material behaviour 

1.5.2.8 

Non-structural element 

architectural, mechanical or electrical element, system and component which, whether due to lack of 

strength or to the way it is connected to the structure, is not considered in the seismic design as load 

carrying element 

1.5.2.9 

Primary seismic members 

members considered as part of the structural system that resists the seismic action, modelled in the 

analysis for the seismic design situation and fully designed and detailed for earthquake resistance in 

accordance with the rules of this standard 

1.5.2.10 

Secondary seismic members 

members which are not considered as part of the seismic action resisting system and whose strength and 

stiffness against seismic actions is neglected 

NOTE 2 They are not required to comply with all the rules of EN 1998, but are designed and detailed to maintain support of 

gravity loads when subjected to the displacements caused by the seismic design situation. 
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1.5.2.11 

Rigid basement 

Parts of buildings and building referred as extremely hard in comparison with upper parts of buildings 

and building, e.g. television antenna mast mounted on the roof, then the parts from the roof and below 

are referred as rigid basement of antenna column 

1.5.2.12 

Second order effects (P-∆ effects) 

A calculation of structures under deformation diagram. 

1.6 Symbols 

1.6.1 General symbols 

(1) The symbols indicated in Annex D apply. For the material-dependent symbols, as well as for 

symbols not specifically related to earthquakes, the provisions of the relevant standards apply. 

(2) Further symbols, used in connection with seismic actions, are defined in the text where they occur, 

for ease of use. However, in addition, the most frequently occurring symbols used in this standard are 

listed and defined in 1.6.2 and 1.6.3. 

 
1.6.2 Other symbols used in Chapter 2 and Chapter 3 
 
AEd    Design value of seismic action (= EkxA1γ ) 

Aek             Characteristic value of seismic action for reference repeat cycle 

Cd              Nominal value, or a function of certain design properties of materials 

Ed              Design value of effect of actions 

NSPT        Standard Penetration Test blow-count 

PNCR      reference probability of exceedance in 50 years of the reference seismic action for the no-

collapse requirement 

Q         variable action 

S soil factor 

Se(T)  elastic horizontal ground acceleration response spectrum also called "elastic response spectrum”. 

At T = 0, the spectral acceleration given by this spectrum equals the design ground acceleration on type 

A ground multiplied by the soil factor S. 
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Sve(T)  elastic vertical ground acceleration response spectrum 

SDe(T) elastic displacement response spectrum 

Sd(T)   design spectrum (for elastic analysis). At T=0, the spectral acceleration given by this spectrum 

equals the design ground acceleration on type A ground multiplied by the soil factor S 

T         vibration period of a linear single degree of freedom system 

Ts             duration of the stationary part of the seismic motion  

TNCR    reference return period of the reference seismic action for the no-collapse requirement 

agR          reference peak ground acceleration on type A ground 

ag            design ground acceleration on type A ground 

avg          design ground acceleration in the vertical direction 

cu             undrained shear strength of soil 

dg            design ground displacement 

g          acceleration of gravity 

q          behaviour factor 

vs,30 average value of propagation velocity of S waves in the upper 30 m of the soil profile at shear 

strain of 10-5 or less 

lγ  importance factor 

η  damping correction factor 

ξ   viscous damping ratio (in percent) 

ψ 2,i combination coefficient for the quasi-permanent value of a variable action i 

ψ E,i combination coefficient for a variable action i, to be used when determining the effects of the 

design seismic action 

1.6.3 Further symbols used in Section 4  

EE effect of the seismic action 

EEdx, EEdy design values of the action effects due to the horizontal components (x and y) of the seismic 

action 

EEdz design value of the action effects due to the vertical component of the seismic action 
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α ratio of the design ground acceleration to the acceleration of gravity 

Fi horizontal seismic force at storey i 

Fa horizontal seismic force acting on a non-structural element (appendage) 

Fb base shear force 

H building height from the foundation or from the top of a rigid basement 

Lmax, Lmin   larger  and  smaller  in  plan  dimension  of  the  building  measured  in orthogonal 

directions 

Rd design value of resistance 

Sa seismic coefficient for non-structural elements 

T1 fundamental period of vibration of a building 

Ta fundamental period of vibration of a non-structural element  

Wa weight of a non-structural element  

d displacement 

dr design interstorey drift 

ea accidental eccentricity of the mass of one storey from its nominal location 

h interstorey height 

mi mass of storey i 

n number of storeys above the foundation or the top of a rigid basement 

qa behaviour factor of a non-structural element  

qd displacement behaviour factor 

si displacement of mass mi in the fundamental mode shape of a building 

zi height of mass mi above the level of application of the seismic action 

γ a importance factor of a non-structural element  

γ d          overstrength factor for diaphragms 

θ           interstorey drift sensitivity coefficient 

1.6.4  Further symbols used in Section 5  

Ac         Area of section of concrete member 
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Ash       total area of horizontal hoops in a beam-column joint 

Asi       total area of steel bars in each diagonal direction of a coupling beam 

Ast       area of one leg of the transverse reinforcement 

Asv      total area of the vertical reinforcement in the web of the wall 

Asv,i     total area of column vertical bars between corner bars in one direction through a joint 

Aw       total horizontal cross-sectional area of a wall 

∑ Asi     sum of areas of all inclined bars in both directions, in wall reinforced with inclined bars 

against sliding shear 

∑ Asj      sum of areas of vertical bars of web in a wall, or of additional bars arranged in the wall 

boundary elements specifically for resistance against sliding shear 

∑ MRb    sum of design values of moments of resistance of the beams framing into a joint in the 

direction of interest 

∑ MRc         sum of design values of the moments of resistance of the columns framing into a joint in the 

direction of interest 

Do      diameter of confined core in a circular column 

Mi,d    end moment of a beam or column for the calculation of its capacity design shear 

MRb,I   design value of beam moment of resistance at end i 

MRc,I     design value of column moment of resistance at end i 

Ned          axial force from the analysis for the seismic design situation 

T1            fundamental period of the building in the horizontal direction of interest 

TC          corner period at the upper limit of the constant acceleration region of the elastic spectrum 

V’Ed       shear force in a wall from the analysis for the seismic design situation 

Vdd           dowel resistance of vertical bars in a wall 

Ved           design shear force in a wall 

VEd,max maximum acting shear force at end section of a beam from capacity design calculation 

VEd,min  minimum acting shear force at end section of a beam from capacity design calculation 

Vfd           contribution of friction to resistance of a wall against sliding shear 
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Vid           contribution of inclined bars to resistance of a wall against sliding shear 

VRd,c      design value of shear resistance for members without shear reinforcement in accordance with 

EN1992-1-1:2004 

VRd,S    design value of shear resistance against sliding 

b width of bottom flange of beam 

bc cross-sectional dimension of column 

beff effective flange width of beam in tension at the face of a supporting column 

bi             distance between consecutive bars engaged by a corner of a tie or by a cross-tie in a column 

bo            width of confined core in a column or in the boundary element of a wall (to centreline of hoops) 

bw thickness of confined parts of a wall section, or width of the web of a beam 

bwo thickness of web of a wall  

d effective depth of section  

dbL longitudinal bar diameter  

dbw diameter of hoop 

fcd design value of concrete compressive strength 

fctm mean value of tensile strength of concrete 

fyd design value of yield strength of steel 

fyd, h design value of yield strength of the horizontal web reinforcement 

fyd, v        design value of yield strength of the vertical web reinforcement  

fyld           design value of yield strength of the longitudinal reinforcement  

fywd         design value of yield strength of transverse reinforcement 

h cross-sectional depth 

hc cross-sectional depth of column in the direction of interest 

hf flange depth 

hjc            distance between extreme layers of column reinforcement in a beam-column joint 

hjw distance between beam top and bottom reinforcement 

ho depth of confined core in a column (to centreline of hoops) 

Information Center for Standards, Metrology and Quality- 8 Hoang Quoc Viet Street, Cau Giay, Hanoi, Vietnam, Tel: 844 37562608. 



TCVN 9386-1:2012 
 

 29 

hs clear storey height 

hw height of wall or cross-sectional depth of beam 

kD      factor reflecting the ductility class in the calculation of the required column depth for 

anchorage of beam bars in a joint, equal to 1 for DCH and to 2/3 for DCM 

kw factor reflecting the prevailing failure mode in structural systems with walls 

lcl clear length of a beam or a column 

lcr length of critical region 

li distance between centrelines of the two sets of inclined bars at the base section of walls with 

inclined bars against sliding shear 

lw length of cross-section of wall 

n total number of longitudinal bars laterally engaged by hoops or cross ties on perimeter of 

column section 

qo basic value of the behaviour factor 

s spacing of transverse reinforcement 

xu neutral axis depth 

z internal lever arm 

α  confinement effectiveness factor, angle between diagonal bars and axis of a coupling beam 

α o prevailing aspect ratio of walls of the structural system 

α 1 multiplier of horizontal design seismic action at formation of first plastic hinge in the system 

α u multiplier of horizontal seismic design action at formation of global plastic mechanism 

γ c partial factor for concrete 

γ Rd model uncertainty factor on design value of resistances in the estimation of capacity design 

action effects, accounting for various sources of overstrength 

γ s partial factor for steel 

εcu2 ultimate strain of unconfined concrete  

εcu2,c ultimate strain of confined concrete 

εsu,k characteristic value of ultimate elongation of reinforcing steel 
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εsy,d design value of steel strain at yield 

η reduction  factor  on  concrete  compressive  strength  due  to  tensile  strains  in transverse 

direction 

ζ ratio, VEd,min/VEd,max, between the minimum and maximum acting shear forces at the end section 

of a beam 

μF concrete-to-concrete friction coefficient under cyclic actions 

  μΦ curvature ductility factor 

μ δ displacement ductility factor 

v axial force due in the seismic design situation 

ξ normalised neutral axis depth 

 

ρ tension reinforcement ratio 

ρ’ compression steel ratio in beams 

σcm mean value of concrete normal stress 

ρ h reinforcement ratio of horizontal web bars in a wall 

ρ l total longitudinal reinforcement ratio 

ρ max       maximum allowed tension steel ratio in the critical region of primary  seismic beams 

ρ v reinforcement ratio of vertical web bars in a wall 

ρ w shear reinforcement ratio 

ωV  mechanical ratio of vertical web reinforcement 

ωwd mechanical volumetric ratio of confining reinforcement 

1.6.5 Further symbols used in Section 6  

L beam span 

MEd design bending moment from the analysis for the seismic design situation 

Mpl,RdA design value of plastic moment resistance at end A of a member 

Mpl,RdB design value of plastic moment resistance at end B of a member 

NEd design axial force from the analysis for the seismic design situation 
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NEd,E axial force from the analysis due to the design seismic action alone 

NEd,G     axial force due to the non-seismic actions included in the combination of actions for the seismic 

design situation 

Npl,Rd     design value of yield resistance in tension of the gross cross-section of a member in accordance 

with EN 1993-1-1:2004 

NRd(MEd,VEd)  design value of axial resistance of column or diagonal in accordance with EN 1993-1-

1:2004, taking into account the interaction with the bending moment MEd and the shear VEd in the 

seismic situation 

Rd resistance of connection in accordance with EN 1993-1-1:2004 

Rfy          plastic resistance of connected dissipative member based on the design yield stress of material as 

defined in EN 1993-1-1:2004. 

VEd design shear force from the analysis for the seismic design situation 

VEd,G     shear force due to the non seismic actions included in the combination of actions for the seismic 

design situation 

VEd,M     shear force due to the application of the plastic moments of resistance at the two ends of a beam 

Vpl,Rd design value of shear resistance of a member in accordance with EN 1993-1-1:2004 

Vwp,Ed   design shear force in web panel due to the design seismic action effects 

Vwp,Rd   design shear resistance of the web panel in accordance with EN 1993- 1-1:2004 

e length of seismic link 

fy nominal yield strength of steel 

fy,max maximum permissible yield stress of steel 

q behaviour factor 

tw web thickness of a seismic link 

tf flange thickness of a seismic link 

Ω        multiplicative factor on axial force NEd,E  from the analysis due to the design seismic action, 

for the design of the non-dissipative members in concentric or eccentric braced frames per Cl. 6.7.4 and 

6.8.3 respectively 

α        ratio of the smaller design bending moment MEd,A at one end of a seismic link to the greater 
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bending moments MEd,B  at the end where plastic hinge forms, both moments taken in absolute value 

α 1           multiplier of horizontal design seismic action at formation of first plastic hinge in the system 

α u           multiplier of horizontal seismic design action at formation of global  plastic mechanism 

γM partial factor for material property 

ova material overstrength factor 

δ beam deflection at misspend relative to tangent to beam axis at beam end (see Figure 30) 

γpb           multiplicative factor on design value Npl,Rd  of yield resistance in tension  of compression 

brace in a V bracing, for the estimation of the unbalanced seismic action effect on the beam to which 

the bracing is connected 

 

γs partial factor for steel 

θp rotation capacity of the plastic hinge region 

λ         non-dimensional slenderness of a member as defined in EN 1993-1-1:2004 

1.6.6 Further symbols used in Section 7  

Apl horizontal area of the plate 

Ea Modulus of Elasticity of steel 

Ecm mean value of Modulus of Elasticity of concrete in accordance with EN 1992-1-1:2004 

Ia              second moment of area of the steel section part of a composite section, with respect to the 

centroid of the composite section 

Ic              second moment of area of the concrete part of a composite section, with respect to the centroid 

of the composite section 

Ieq equivalent second moment of area of the composite section 

Is              second moment of area of the rebars in a composite section, with respect to the centroid of the 

composite section 

Mpl,Rd,c   design value of plastic moment resistance of column, taken as lower bound and 

computed taking into account the concrete component of the section and only the steel components 

of the section classified as ductile 

MU,Rd,b   upper  bound  plastic  resistance  of  beam,  computed  taking  into  account  the concrete 

component of the section and all the steel components in the section, including those not classified as 
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ductile 

Vwp,Ed     design shear force in web panel, computed on the basis of the plastic resistance of the 

adjacent dissipative zones in beams or connections 

Vwp,Rd     design shear resistance of the composite steel-concrete web panel in accordance with EN 

1994-1-1:2004 

b width of the flange 

be partial effective width of flange on each side of the steel web 

beff total effective width of concrete flange 

bo width (minimum dimension) of confined concrete core (to centreline of hoops) 

 

dbL diameter of longitudinal rebars 

dbw diameter of hoops 

fyd design yield strength of steel 

fydf design yield strength of steel in the flange 

fydw design strength of web reinforcement 

hb depth of composite beam 

hc depth of composite column section 

kr rib shape efficiency factor of profiled steel sheeting 

kt reduction factor of design shear resistance of connectors in accordance with EN 1994-1-1:2004 

lcl clear length of column 

lcr length of critical region 

n steel-to-concrete modular ratio for short term actions 

q behaviour factor 

r          reduction  factor  on  concrete  rigidity  for  the  calculation  of  the  stiffness  of composite 

columns 

tf thickness of flange 

γc partial factor for concrete 

γM partial factor for material property 
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γov material overstrength factor 

γs partial factor for steel 

εa total strain of steel at Ultimate Limit State 

εcu2 ultimate compressive strain of unconfined concrete 

η  minimum degree of connection as defined in 6.6.1.2 of EN 1994-1-1:2004 

1.6.7 Further symbols used in Section 8  

Eo Modulus of Elasticity of timber for instantaneous loading 

b width of timber section 

d fastener-diameter 

h depth of timber beams 

kmod modification   factor   for   instantaneous   loading   on   strength   of   timber   in accordance 

with EN 1995-1-1:2004 

q behaviour factor 

γM partial factor for material properties 

1.6.8 Further symbols used in Section 9  

ag,urm upper value of the design ground acceleration at the site for use of unreinforced masonry 

satisfying the provisions of Eurocode 8 

Amin total cross-section area of masonry walls required in each horizontal direction for the rules for 

“simple masonry buildings” to apply 

fb,min normalised compressive strength of masonry normal to the bed face 

fbh,min normalised compressive strength of masonry parallel to the bed face in the plane of the wall 

fm,min minimum strength for mortar 

h greater clear height of the openings adjacent to the wall 

hef effective height of the wall 

l length of the wall 

n number of storeys above ground 

pA,min    Minimum  sum  of  horizontal  cross-sectional  areas  of  shear  walls  in  each direction, as 

percentage of the total floor area per storey 
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pmax percentage of the total floor area above the level 

q behaviour factor 

tef effective thickness of the wall 

ΔA,max   maximum  difference  in  horizontal  shear  wall  cross-sectional  area  between adjacent storeys 

of “simple masonry buildings” 

Δm,max   maximum  difference  in  mass  between  adjacent  storeys  of  “simple  masonry buildings” 

γm partial factors for masonry properties 

γs partial factor for reinforcing steel 

λmin ratio between the length of the small and the length of the long side in plan 

1.6.9 Further symbols used in Section 10  

Keff effective stiffness of the isolation system in the principal horizontal direction under 

consideration, at a displacement equal to the design displacement ddc 

KV total stiffness of the isolation system in the vertical direction 

Kxi effective stiffness of a given unit i in the x direction 

Kyi effective stiffness of a given unit i in the y direction 

Teff effective fundamental period of the superstructure corresponding to horizontal translation, the 

superstructure assumed as a rigid body 

Tf fundamental period of the superstructure assumed fixed at the base 

TV fundamental   period   of   the   superstructure   in   the   vertical   direction,   the superstructure 

assumed as a rigid body 

M mass of the superstructure 

Ms magnitude 

ddc design displacement of the effective stiffness centre in the direction considered 

ddb total design displacement of an isolator unit 

etot,y total eccentricity in the y direction 

fj horizontal forces at each level j 

ry torsional radius of the isolation system 
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(xi,yi)   co-ordinates of the isolator unit i relative to the effective stiffness centre 

δi amplification factor 

ξeff “effective damping” 

1.7 S.I. Units 

(1)P S.I. Units  in accordance with ISO 1000 shall be used. 

 (2) For calculations, the following units are recommended: 

 
- Forces and loads: kN, kN/m, kN/m2 

- Unit mass: kg/m3, t/m3 

- Mass: kg, t 

- Unit weight: kN/m3 

- Stresses and strengths N/mm2 (= MN/m2 or MPa), kN/m2 (=kPa) 

- Moments (bending, etc.): kNm 

- Acceleration: m/s2, g (g=9,81m/s2) 

 

2     PERFORMANCE REQUIREMENTS AND COMPLIANCE CRITERIA 

2.1    Fundamental requirements 

(1)P Structures in seismic regions shall be designed and constructed in such a way that the following 

requirements are met, each with an adequate degree of reliability. 

−  No-collapse requirement. 

The structure shall be designed and constructed to withstand the design seismic action defined in Section 

3 without local or global collapse, thus retaining its structural integrity and a residual load bearing 

capacity after the seismic events. The design seismic action is expressed in terms of: a) the reference 

seismic action associated  with  a  reference  probability  of  exceedance,  PNCR, in  50  years  or  a 

reference return period, TNCR, and b) the importance factor γI (see (2)P and (3)P of this clause ) to 

take into account reliability differentiation. 

NOTE 1 The values to be ascribed to PNCR or to TNCR for use in a country may be found in its National Annex of this 

document. The recommended values are PNCR  =10% and TNCR  = 475 years. 

NOTE 2 The value of the probability of exceedance, PR, in TL  years of a specific level of the seismic action is related to 

the mean return period, TR, of this level of the seismic action   in accordance with the expression TR = -TL  / ln(1- PR). So 

for a given TL, the seismic action may equivalently be specified either via its mean return period, TR, or its probability of 

exceedance, PR in TL years. 
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−   Damage limitation requirement. 

The  structure  shall  be  designed  and  constructed  to  withstand  a  seismic  action having a larger 

probability of occurrence than the design seismic action, without the occurrence of damage and the 

associated limitations of use, the costs of which would be disproportionately high in comparison 

with the costs of the structure itself. The seismic action to be taken into account for the “damage 

limitation requirement” has a probability of exceedance, PDLR, in 10 years and a return period, TDLR. In 

the absence of more precise information, the reduction factor applied on the design seismic action in 

accordance with 4.4.3.2(2) may be used to obtain the seismic action for the verification of the damage 

limitation requirement. 

NOTE 3 The values to be ascribed to PDLR or to TDLR for use in Vietnam are PDLR =10% and TDLR = 95 years. 

(2)P     Target reliabilities for the no-collapse requirement and for the damage limitation requirement are 

established by the National Authorities for different types of buildings or civil engineering works on 

the basis of the consequences of failure. 

(3)P     Reliability differentiation is implemented by classifying structures into different importance  

classes.  An  importance  factor  γI  is  assigned  to  each  importance  class. Wherever feasible this 

factor should be derived so as to correspond to a higher or lower value of the return period of the 

seismic event (with regard to the reference  return period) as appropriate for the design of the specific 

category of structures (see 3.2.1(3)). Terms to factors and importance factor are given in Annex E, Part 

1. 

(4)       The  different  levels  of  reliability  are  obtained  by  multiplying  the  reference seismic action 

or, when using linear analysis,  the corresponding action effects by this importance factor. Detailed 

guidance on the importance classes and the corresponding importance factors is given in the relevant 

Parts of EN 1998. 

NOTE  At  most  sites  the  annual  rate  of  exceedance,  H(agR), of  the  reference  peak  ground acceleration agR  may be 

taken to vary with agR  as: H(agR  ) ≈ k0  
k

gRa −
,  with the value of the exponent k depending on seismicity, but being 

generally of the order of 3. Then, if the seismic action  is  defined  in  terms  of  the  reference  peak  ground  acceleration  

agR, the  value  of  the importance factor γ I multiplying the reference seismic action to achieve the same probability of 

exceedance in TL years as in the TLR years for which the reference seismic action is defined, may be computed as γI ≈ 

(TLR/TL) –1/k. Alternatively, the value of the importance factor γI that needs to multiply the reference seismic action to 

achieve a value of the probability of   exceeding the seismic action, PL, in TL  years other than the reference probability 

of exceedance PLR, over the same TL years, may be estimated as γI  ≈ (PL/PLR)–1/k. 

2.2    Compliance Criteria 

2.2.1    General 
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(1)P     In order to satisfy the fundamental requirements  in 2.1 the following limit states shall be 

checked (see 2.2.2 and 2.2.3): 

−   ultimate limit states; 

−   damage limitation states. 

Ultimate limit states are those associated with collapse or with other forms of structural failure which  

might endanger the safety of people. 

Damage limitation states are those associated with damage beyond which specified service requirements 

are no longer met. 

(2)P     In order to limit the uncertainties and to promote a good behaviour of structures under seismic 

actions more severe than the design seismic action, a number of pertinent specific measures shall also be 

taken (see 2.2.4). 

(3)       For  well  defined  categories  of  structures  in  cases  of  low  seismicity  (see 3.2.1(4)), the 

fundamental requirements may be satisfied through the application of rules simpler than those given 

in the relevant Parts of this standard. 

(4)       In cases of very low seismicity, the provisions of this standard need not be observed (see 

3.2.1(5) and the notes therein for the definition of cases of very low seismicity). 

(5)       Specific  rules  for  ''simple  masonry  buildings”  are  given  in  Section  9.  By conforming to 

these rules, such “simple masonry buildings” are deemed to satisfy the fundamental requirements of this 

standard without analytical safety verifications. 

2.2.2    Ultimate limit state 

(1)P      It shall be verified   that the structural system has the resistance and energy- dissipation 

capacity specified in the relevant Parts of this standard. 

(2)       The resistance and energy-dissipation capacity to be assigned to the structure are related to the 

extent to which its non-linear response is to be exploited. In operational terms such balance between 

resistance and energy-dissipation capacity is characterised by the values of the behaviour factor q and 

the associated ductility classification, which are given in the relevant Parts of this standard. As a 

limiting case, for the design of structures classified as low-dissipative, no account is taken of any 

hysteretic energy dissipation and the behaviour factor may not be taken, in general, as being greater than 

the value of 1,5 considered to account for overstrengths. For steel or composite steel concrete buildings, 

this limiting value of the q factor may be taken as being between 1,5 and 2. For dissipative structures the 

behaviour factor is taken as being greater than these limiting values accounting for the hysteretic energy 

dissipation that mainly occurs in specifically designed zones, called dissipative zones or critical regions. 
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NOTE The value of the behaviour factor q should be limited by the limit state of dynamic stability of the structure and 

by the damage due to low-cycle fatigue of structural details (especially connections). The most unfavourable limiting 

condition shall be applied when the values of the q factor are determined. The values of the q factor given in the various 

Parts of this standard are deemed to  conform to this requirement. 

 

(3)P     The structure as a whole shall be checked to ensure that it is stable under the design seismic 

action. Both overturning and sliding stability shall be taken into account. Specific rules for checking the 

overturning of structures are given in the relevant Parts of this standard. 

(4)P     It shall be verified that both the foundation elements and the foundation soil are able to resist the 

action effects resulting from the response of the superstructure without substantial permanent 

deformations. In determining the reactions, due consideration shall be given to the actual resistance 

that can be developed by the structural element transmitting the actions. 

(5)P     In the analysis the possible influence of second order effects on the values of the action effects 

shall be taken into account. 

(6)P     It shall be verified that under the design seismic action the behaviour of non- structural 

elements does not present risks to persons and does not have a detrimental effect on the response of the 

structural elements. For buildings, specific rules are given in 4.3.5 and 4.3.6. 

2.2.3    Damage limitation state 

(1)P     An adequate degree of reliability against unacceptable damage shall be ensured by satisfying the 

deformation limits or other relevant limits defined in the relevant Parts of this standard. 

(2)P     In structures important for civil protection the structural system shall be verified to ensure that it 

has  sufficient resistance and stiffness to maintain the function of the vital services in the facilities for 

a seismic event associated with an appropriate return period. 

2.2.4    Specific measures 

2.2.4.1   Design 

(1)       To the extent possible, structures should have simple and regular forms both in plan and 

elevation, (see 4.2.3). If necessary this may be realised by subdividing the structure by joints into 

dynamically independent units. 

(2)P     In order to ensure an overall dissipative and ductile behaviour, brittle failure or the premature 

formation of unstable mechanisms shall be avoided. To this end, where required in the relevant Parts of 

this standard, resort shall be made to the capacity design procedure, which is used to obtain the hierarchy 

of resistance of the various structural components and failure modes necessary for ensuring a suitable 
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plastic mechanism and for avoiding brittle failure modes. 

(3)P     Since  the  seismic  performance  of  a  structure  is  largely  dependent  on  the behaviour of its 

critical regions or elements, the detailing of the structure in general and of these regions or elements in 

particular, shall be such as to maintain  the capacity to transmit the necessary forces and to dissipate 

energy under cyclic conditions. To this end, the detailing of connections between structural elements 

and of regions where non- linear behaviour is foreseeable should receive special care in design. 

(4)P    The analysis shall be based on an adequate structural model, which, when necessary, shall take 

into account the influence of soil deformability and of non- structural elements and other aspects, such as 

the presence of adjacent structures. 

2.2.4.2   Foundations 

(1)P     The stiffness of the foundations shall be adequate for transmitting  the actions received from 

the superstructure to the ground as uniformly as possible. 

(2)        With the exception of bridges, only one foundation type should in general be used for the same 

structure, unless the latter consists of dynamically independent units. 

2.2.4.3   Quality system plan 

(1)P     The design documents shall indicate the sizes, the details and the characteristics of the materials 

of the structural elements. If appropriate, the design documents shall also include the characteristics 

of special devices to be used and the distances between structural and non-structural elements. The 

necessary quality control provisions shall also be given. 

(2)P    Elements of special structural importance requiring special checking during construction  shall  be  

identified  on  the  design  drawings.  In  this  case  the  checking methods to be used shall also be 

specified. 

(3)       In regions of high seismicity and in structures of special importance, formal quality system 

plans, covering design, construction, and use, additional to the control procedures prescribed in the other 

relevant standard, should be used. 

3     GROUND CONDITIONS AND SEISMIC ACTION 

3.1    Ground conditions 

3.1.1    General 

(1)P     Appropriate investigations shall be carried out in order to identify the ground conditions in 

accordance with the types given in 3.1.2. 

(2)       Further guidance concerning ground investigation and classification is given in 4.2, Part 2. 
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(3)       The construction site and the nature of the supporting ground should normally be free from 

risks of ground rupture, slope instability and permanent settlements caused by liquefaction or 

densification in the event of an earthquake. The possibility of occurrence of such phenomena shall be 

investigated in accordance with Section 4, Part 2. 

(4)       Depending on the importance class of the structure and the particular conditions of the project, 

ground investigations and/or geological studies should be performed to determine the seismic action. 

3.1.2    Identification of ground types 

(1)       Ground types A, B, C, D, and E, described by the stratigraphic profiles and parameters given 

in Table 3.1 and described hereafter, may be used to account for the influence of local ground conditions 

on the seismic action. This may also be done by additionally taking into account the influence of deep 

geology on the seismic action. 

 
 

Parameters Ground 
type 

Description 
 

vs,30 (m/s) 
 

NSPT 
(blows/30cm) 

 

cu (kPa) 
 

A 
 

Rock or other rock-like geological 
formation, including at most 5 m of weaker 
material at the surface. 

 

> 800 
 

_ 
 

_ 

 

B 
 

Deposits of very dense sand, gravel, or very stiff 
clay, at least several tens of metres in thickness, 
characterised by a gradual increase of 
mechanical properties with depth. 

 

360 – 800 
 

> 50 
 

> 250 

 

C 
 

Deep deposits of dense or medium- dense 
sand, gravel or stiff clay with thickness from 
several tens to many hundreds of metres. 

 

180 – 360 
 

15 - 50 
 

70 - 250 

 

D 
 

Deposits of loose-to-medium cohesionless soil 
(with or without some soft cohesive layers), or of 
predominantly soft-to-firm cohesive soil. 

 

< 180 
 

< 15 
 

< 70 

 

E 
 

A soil profile consisting of a surface alluvium 
layer with vs values of type C or D and 
thickness varying between about 5 m and 20 m, 
underlain by stiffer material with vs > 800 m/s. 

   

 

S1 
 

Deposits consisting, or containing a layer at 
least 10 m thick,  of soft clays/silts with a high 
plasticity index (PI > 40) and high water 
content 

 

< 100 

(indicative) 

 

_ 
 

10 - 20 

 

S2 
 

Deposits of liquefiable soils, of sensitive clays, 
or any other soil profile not included in types A 
– E or S1 
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(2) The site should be classified according to the value of the average shear wave velocity, vs,30, if 

this is available. Otherwise the value of NSPT should be used. 

(3) The average shear wave velocity vs,30  should be computed in accordance with the following 

expression: 

 

Where: 

hi  and vi  denote the thickness (in metres) and shear-wave velocity (at a shear strain level of 10–5 or 

less) of the i-th formation or layer, in a total of N, existing in the top 30 m. 

(4)P     For sites with ground conditions matching either one of the two special ground types S1  or S2, 

special studies for the definition of the seismic action are required. For these types, and particularly 

for S2, the possibility of soil failure under the seismic action shall be taken into account. 

NOTE Special attention should be paid if the deposit is of ground type S1. Such soils typically have very low values of vs, 

low internal damping and an abnormally extended range of linear behaviour and can therefore produce anomalous seismic 

site amplification and soil-structure interaction effects (see Section 6, part 2). In this case, a special study to define the 

seismic  action should be  carried out,  in order to  establish  the dependence of  the response spectrum on the thickness 

and vs  value of the soft clay/silt layer and on the stiffness contrast between this layer and the underlying materials. 

3.2    Seismic action 

3.2.1    Seismic zones 

(1)P  For most of the applications of this standard, the hazard is described in terms of a single parameter, 

i.e. the value of the reference peak ground acceleration on type A ground, agR. Additional parameters 

required for specific types of structures are given in the relevant Parts of this standard. 

NOTE The reference peak ground acceleration on type A ground, agR, for use in Vietnam given in Annex G, Part 1 or 

may be derived from zonation maps found in some regions approved by the relevant authorities. 

(2)  For the purpose of this standard, t he reference peak ground acceleration agR for use in Vietnam is 

shown on isoquan line. The value agR between two isoquan lines is defined by linear interpolation. The peak ground 

acceleration can be converted into seisemic level MSK-64 or MM based on conversion table given in Annex 1, Part 1.  

(3)  The reference peak ground acceleration, chosen by the National Authorities for each seismic zone, 

corresponds to the reference return period TNCR of the seismic action for the no-collapse requirement (or 

equivalently the reference probability of exceedance in 50 years, PNCR) chosen by the National 
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Authorities (see 2.1(1)P). An importance factor γI equal to 1,0 is assigned to this reference return 

period. For return periods other than  the  reference  (see  importance  classes  in  2.1(3)P  and  (4)),  the  

design  ground acceleration on type A ground ag is equal to agR  times the importance factor  γI (ag  = 

γI.agR). (See Note to 2.1(4)). 

agR is taken in accordance with Zoning map of background acceleration on Vietnam territory, with scale 

1: 1000.000 (miniature version in Annex G, Part 1) or zoning table of background acceleration 

according to administrative place names in Annex H, Part 1 (ground acceleration value agR given in table 

is considered as representative value for all name regions). 

(4) In cases of low seismicity, reduced or simplified seismic design procedures for certain types or 

categories of structures may be used. 

NOTE  It is recommended to consider as low seismicity cases either those in which the design ground acceleration on type A 

ground, ag, is not greater than 0,08 g (0,78 m/s2). 

(5)P In cases of very low seismicity, the provisions of this standard need not be observed. 

NOTE  It is recommended to consider as low seismicity cases either those in which the design ground acceleration on type A 

ground, ag, is not greater than 0,04 g (0,39 m/s2). 

3.2.2    Basic representation of the seismic action 

3.2.2.1    General 

(1)P     Within the scope of this standard the earthquake motion at a given point   on the surface is 

represented by an elastic ground acceleration response spectrum, henceforth called an “elastic response 

spectrum”. 

(2)    The shape of the elastic response spectrum is taken as being the same for the two levels of seismic 

action introduced in 2.1(1)P and 2.2.1(1)P for the no-collapse requirement (ultimate limit state – design 

seismic action) and for the damage limitation requirement. 

(3)P     The  horizontal  seismic  action  is  described  by  two  orthogonal  components assumed as 

being independent and represented by the same response spectrum. 

(4)  For the three components of the seismic action, one or more alternative shapes of response spectra 

may be adopted, depending on the seismic sources and the earthquake magnitudes generated from them. 

NOTE  In selecting the appropriate shape of the spectrum, consideration should be given to the magnitude of earthquakes that 

contribute most to the seismic hazard defined for the purpose of probabilistic hazard assessment, rather than on conservative 

upper limits (e.g. the Maximum Credible Earthquake) defined for that purpose. 

(5)   When the earthquakes affecting a site are generated by widely differing sources, the possibility of 

using more than one shape of spectra should be considered to enable the design seismic action to be 
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adequately represented. In such circumstances, different values of ag will normally be required for each 

type of spectrum and earthquake. 

(6)  For important structures (γI >1) topographic amplification effects should  be taken into account. 

NOTE Informative Annex A of Part 2 provides information for topographic amplification effects. 

(7)   Time-history representations of the earthquake motion may be used (see 3.2.3). 

(8)   Allowance for the variation of ground motion in space as well as time may be required for 

specific types of structures. 

3.2.2.2  Horizontal elastic response spectrum 

(1)P    For  the  horizontal  components  of  the  seismic  action,  the  elastic  response spectrum Se(T) 

is defined by the following expressions (see Figure. 3.1): 

 

where 

Se(T) is the elastic response spectrum; 

T is the vibration period of a linear single-degree-of-freedom system; 

ag is the design ground acceleration on type A ground (ag = ©I.agR); 

TB is the lower limit of the period of the constant spectral acceleration branch;  

TC is the upper limit of the period of the constant spectral acceleration branch; 

TD is the value defining the beginning of the constant displacement response range of the 

spectrum; 

S is the soil factor; 

 

 η is the damping correction factor with a reference value of η = 1 for 5% viscous damping, see (3) of 

this subclause. 
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(2)P  The values of the periods TB, TC and TD and of the soil factor S describing the shape of the elastic 

response spectrum depend upon the ground type. 

NOTE 1 For the five ground types A, B, C, D and E the recommended values of the parameters S, TB, TC and TD are given in 

Table 3.2, Figure 3.2 show the shapes of the recommended spectra, normalised by ag,  for 5% damping. 

 

 
 

Table 3.2 Values of the parameters describing the elastic response spectra 
 

 

Ground type 
 

S 
 

TB (s) 
 

TC (s) 
 

TD (s) 
 

A 
 

1,0 
 

0,15 
 

0,4 
 

2,0 
 

B 
 

1,2 
 

0,15 
 

0,5 
 

2,0 
 

C 
 

1,15 
 

0,20 
 

0,6 
 

2,0 
 

D 
 

1,35 
 

0,20 
 

0,8 
 

2,0 
 

E 
 

1,4 
 

0,15 
 

0,5 
 

2,0 
 
NOTE 2  Note 2 For ground types S1 and S2, special studies should provide the corresponding values of S, TB, TC and TD. 
 
 

(3) The  value  of  the  damping  correction  factor η may  be  determined  by  the expression: 

η = 10/(5 + ξ) ≥ 0,55   (3,6) 

 

where: 

ξ is the viscous damping ratio of the structure, expressed as a percentage. 
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(4)       If for special cases a viscous damping ratio different from 5% is to be used, this value is given in 

the relevant Part of this standard. 

(5)P     The elastic displacement response spectrum, SDe(T), shall be obtained by direct transformation 

of the elastic acceleration response spectrum, Se(T), using the following expression: 

SDe(T) = Se(T).
2

.2 ⎥⎦
⎤

⎢⎣
⎡

π
T           (3.7) 

 

 
(6) Expression (3.7) should normally be applied for vibration periods not exceeding 4,0 s. For structures 

with vibration periods longer than 4,0 s, a more complete definition of the elastic displacement spectrum 

is possible. 

NOTE For the Type 1 elastic response spectrum referred to in Note 1 to 3.2.2.2(2)P, such a definition is 

presented in Informative Annex A in terms of the displacement response spectrum. For periods longer 

than 4s, the elastic acceleration response spectrum Se(T) may be derived from the elastic displacement 

response spectrum by inverting expression (3.7). 

3.2.2.3 Vertical elastic response spectrum 

(1)P The vertical component of the seismic action shall be represented by an elastic response 

spectrum, Sve(T), derived using expressions (3.8)-(3.11). 
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NOTE  For the five ground types A, B, C, D and E the recommended values of the parameters describing the 

vertical spectra are given in Table 3. These recommended values do not apply for special ground types S1 

and S2. 

Table 3.3 Recommended values of parameters describing the vertical elastic response spectra 

 
avg/ag 

 
TB (s) 

 
TC (s) 

 
TD (s) 

 
0,90 

 
0,05 

 
0,15 

 
1,0 

 

3.2.2.4 Design ground displacement 

(1)       Unless special studies based on the available information indicate otherwise, the design ground 

displacement dg, corresponding to the design ground acceleration, may be estimated by means of the 

following expression: 

Dg = 0,025 . ag. S.TC.TD           (3.12) 

with ag, S, TC and TD as defined in 3.2.2.2. 

3.2.2.5   Design spectrum for elastic analysis 

(1)       The capacity of structural systems to resist seismic actions in the non-linear range generally 

permits their design for resistance to seismic forces smaller than those corresponding to a linear elastic 

response. 

(2)       To  avoid  explicit  inelastic  structural  analysis  in  design,  the  capacity of  the structure to 

dissipate energy, through mainly ductile behaviour of its elements and/or other mechanisms, is taken 

into account by performing an elastic analysis based on a response spectrum reduced with respect to the 

elastic one, henceforth called a ''design spectrum''. This reduction is accomplished by introducing the 

behaviour factor q. 

(3)P     The behaviour factor q is an approximation of the ratio of the seismic forces that the structure 
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would experience if its response was completely elastic with 5% viscous damping, to the seismic 

forces that may be used in the design, with a conventional elastic analysis model, still ensuring a 

satisfactory response of the structure. The values of the behaviour factor q, which also account for the 

influence of the viscous damping being  different  from  5%,  are  given  for  various  materials  and  

structural  systems according to the relevant ductility classes in the various Parts of this standard. The 

value of the behaviour factor q may be different in different horizontal directions of the structure, 

although the ductility classification shall be the same in all directions. 

(4)P     For the horizontal components of the seismic action the design spectrum, Sd(T), shall be defined 

by the following expressions: 

 

where 

ag, S, TC and TD     are as defined in 3.2.2.2; 

Sd (T)  is the design spectrum; 

Q    is the behaviour factor; 

β   is the lower bound factor for the horizontal design spectrum. 

NOTE The value to be ascribed to ® for use in a country can be found in its National Annex. The recommended value for β 

is 0,2. 

(5)       For the vertical component of the seismic action the design spectrum is given by expressions  

(3.13)  to  (3.16),  with  the  design  ground  acceleration  in  the  vertical direction, avg replacing ag, S 

taken as being equal to 1,0 and the other parameters as defined in 3.2.2.3. 

(6) For the vertical component of the seismic action a behaviour factor q up to 1,5 should generally 
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be adopted for all materials and structural systems. 

(7) The adoption of values for q greater than 1,5 in the vertical direction  should be justified 

through an appropriate analysis. 

(8)P The  design  spectrum  as  defined  above  is  not  sufficient  for  the  design  of structures with 

base-isolation or energy-dissipation systems. 

3.2.3    Alternative representations of the seismic action 

3.2.3.1   Time - history representation 

3.2.3.1.1   General 

(1)P The seismic motion may also be represented in terms of ground acceleration time-histories 

and related quantities (velocity and displacement). 

(2)P     When a spatial model of the structure is required, the seismic motion shall consist of three 

simultaneously acting accelerograms. The same accelerogram may not be used simultaneously along 

both horizontal directions. Simplifications are possible in accordance with the relevant Parts of this 

standard. 

(3)       Depending on the nature of the application and on the information actually available, the 

description of the seismic motion may be made by using artificial accelerograms (see 3.2.3.1.2) and 

recorded or simulated accelerograms (see 3.2.3.1.3). 

3.2.3.1.2  Artificial accelerograms 

(1)P     Artificial accelerograms shall be generated so as to match the elastic response spectra given in 

3.2.2.2 and 3.2.2.3 for 5% viscous damping (ξ = 5%). 

(2)P     The duration of the accelerograms shall be consistent with the magnitude and the other 

relevant features of the seismic event underlying the establishment of ag. 

(3)       When site-specific data   are not available, the minimum duration Ts  of the stationary part of 

the accelerograms should be equal to 10s. 

(4)       The suite of artificial accelerograms should observe the following rules: 

a) a minimum of 3 accelerograms  should be used; 

b) the mean of the zero period spectral response acceleration values when T = 0 (calculated from the 

individual time histories) should not be smaller than the value of ag.S for the site in question. 

c) in the range of periods between 0,2T1 and 2T1, where T1 is the fundamental period of the structure in 

the direction where the accelerogram will be applied; no value of the mean 5% damping elastic 
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spectrum, calculated from all time histories, should be less than 90% of the corresponding value of the 

5% damping elastic response spectrum. 

3.2.3.1.3  Recorded or simulated accelerograms 

(1)P     Recorded  accelerograms,  or  accelerograms  generated  through  a  physical simulation  of  

source  and  travel  path  mechanisms,  may  be  used,  provided  that  the samples used are adequately 

qualified with regard to the seismogenetic features of the sources and to the soil conditions appropriate 

to the site, and their values are scaled to the value of ag.S for the zone under consideration. 

(2)P     For soil amplification analyses and for dynamic slope stability verifications see 2.2. 

(3)       The suite of recorded or simulated accelerograms to be used should satisfy 3.2.3.1.2(4). 

3.2.3.2   Spatial model of the seismic action 

(1)P     For structures with special characteristics such that the assumption of the same excitation at all 

support points cannot reasonably be made, spatial models of the seismic action shall be used (see 

3.2.2.1(8)). 

(2)P     Such spatial models shall be consistent with the elastic response spectra used for the basic 

definition of the seismic action in accordance with 3.2.2.2 and 3.2.2.3. 

3.2.4    Combinations of the seismic action with other actions 

(1)P     The design value Ed of the effects of actions in the seismic design situation shall be determined 

in accordance with the following formula: 

Ed = jk
i

iEd
j

kj QAPG ,
1

,2
1

"""""" ∑∑
≥≥

+++ ψ  

Where: 

"+" mean "combination with". 

(2)P     The inertial effects of the design seismic action shall be evaluated by taking into account the 

presence of the masses associated with all gravity loads appearing in the following combination of 

actions: 

∑∑ + ikiEkj QG ,, ."" ψ                          (3.17) 

where 

ΨE,i   is the combination coefficient for variable action i (see 4.2.4). 

(3)       The combination coefficients ΨE,i    take into account the likelihood of the loads Qk,i not being 

present over the entire structure during the earthquake. These coefficients may also account for a 
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reduced participation of masses in the motion of the structure due to the non-rigid connection between 

them. 

(4)       Values of Ψ2,i  are given in table 4 and values of ΨE,i  for buildings  are given in 4.2.4. 

Table 3.4 Values of Ψ2,i for buildings 
 

Effects Ψ2,i 

Load on buildings, type  

Type A:  family accommodation area  0.3 

Type B: Office area 0.3 

Type C: Meeting area 0.6 

Type D: Shopping area  0.6 

Type E: Storage area 0.8 

Type F: Traffic area, vehicle weight ≤ 30kN 0.6 

Type G: Traffic area , 30kN≤ vehicle weight ≤ 160kN 0.3 

Type H: Roof 0 

 

4     DESIGN OF BUILDINGS 

4.1    General 

4.1.1    Scope 

(1)P Section 4 contains general rules for the earthquake-resistant design of buildings and shall be 

used in conjunction with Sections 2, 3 and 5 to 9. 

(2) Sections 5 to 9 are concerned with specific rules for various materials and elements used 

in buildings. 

(3)       Guidance on base-isolated buildings is given in Section 10. 

4.2    Characteristics of earthquake resistant buildings 

4.2.1    Basic principles of conceptual design 

(1)P     In seismic regions the aspect of seismic hazard shall be taken into account in the early stages of 

the conceptual design of a building, thus enabling the achievement of a structural system which, within 

acceptable costs, satisfies the fundamental requirements specified in 2.1. 

(2)       The guiding principles governing this conceptual design are: 
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−   structural simplicity; 

−  uniformity, symmetry and redundancy; 

−   bi-directional resistance and stiffness; 

−   torsional resistance and stiffness; 

−   diaphragmatic behaviour at storey level; 

−   adequate foundation. 

These principles are further elaborated in the following subclauses: 

4.2.1.1   Structural simplicity 

(1)   Structural simplicity, characterised by the existence of clear and direct paths for the transmission of 

the seismic forces, is an important objective to be pursued, since the modelling, analysis, dimensioning, 

detailing and construction of simple structures are subject to much less uncertainty and thus the 

prediction of its seismic behaviour is much more reliable. 

4.2.1.2   Uniformity, symmetry and redundancy 

(1)       Uniformity in plan is characterised by an even distribution of the structural elements which 

allows short and direct transmission of the inertia forces created in the distributed masses of the 

building. If necessary, uniformity may be realised by subdividing the entire building by seismic joints 

into dynamically independent units, provided that these joints are designed against pounding of the 

individual units in accordance with 4.4.2.7. 

(2       Uniformity in the development of the structure along the height of the building is also 

important, since it tends to eliminate the occurrence of sensitive zones where concentrations of stress or 

large ductility demands might prematurely cause collapse. 

(3)       A close relationship between the distribution of masses and the distribution of resistance and 

stiffness eliminates large eccentricities between mass and stiffness. 

(4)       If the building configuration is symmetrical or quasi-symmetrical, a symmetrical layout of 

structural elements, which should be well-distributed in-plan, is appropriate for the achievement of 

uniformity. 

(5)       The  use  of  evenly  distributed  structural  elements  increases  redundancy  and allows a more 

favourable redistribution of action effects and widespread energy dissipation across the entire structure. 

4.2.1.3   Bi-directional resistance and stiffness 

(1)P     Horizontal seismic motion is a bi-directional phenomenon and thus the building structure shall 
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be able to resist horizontal actions in any direction. 

(2)       To satisfy (1)P, the structural elements should be arranged in an orthogonal in- plan structural 

pattern, ensuring similar resistance and stiffness characteristics in both main directions. 

(3)       The choice of the stiffness characteristics of the structure, while attempting to minimise the 

effects of the seismic action (taking into account its specific features at the site) should also limit the 

development of excessive displacements that might lead to either instabilities due to second order effects 

or excessive damages. 

4.2.1.4   Torsional resistance and stiffness 

(1)       Besides  lateral  resistance  and  stiffness,  building  structures  should  possess adequate 

torsional resistance and stiffness in order to limit the development of torsional motions which tend to 

stress the different structural elements in a non-uniform way . In this respect, arrangements in which the 

main elements resisting the seismic action are distributed close to the periphery of the building present 

clear advantages. 

4.2.1.5   Diaphragmatic behaviour at storey level 

(1)       In buildings, floors (including the roof) play a very important role in the overall seismic 

behaviour of the structure. They act as horizontal diaphragms that collect and transmit  the  inertia  

forces  to  the  vertical  structural  systems  and  ensure  that  those systems act together in resisting the 

horizontal seismic action. The action of floors as diaphragms is especially relevant in cases of complex 

and non-uniform layouts of the vertical structural systems, or where systems with different horizontal 

deformability characteristics are used together (e.g. in dual or mixed systems). 

(2)       Floor  systems  and  the  roof  should  be  provided  with  in-plane  stiffness  and resistance and 

with effective connection to the vertical structural systems. Particular care should be taken in cases 

of non-compact or very elongated in-plan shapes and in cases of large floor openings, especially if the 

latter are located in the vicinity of the main vertical structural elements, thus hindering such effective 

connection between the vertical and horizontal structure. 

(3)      Diaphragms should have sufficient in-plane stiffness for the distribution of horizontal inertia 

forces to the vertical structural systems in accordance with the assumptions of the analysis (e.g. rigidity 

of the diaphragm, see 4.3.1(4)), particularly when there are significant changes in stiffness or offsets of 

vertical elements above and below the diaphragm. 

4.2.1.6   Adequate foundation 

(1)P     With regard to the seismic action, the design and construction of the foundations and of the 

connection to the superstructure shall ensure that the whole building is subjected to a uniform seismic 
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excitation. 

(2)       For structures composed of a discrete number of structural walls, likely to differ in width and 

stiffness, a rigid, box-type or cellular foundation, containing a foundation slab and a cover slab should 

generally be chosen. 

(3)       For buildings with individual foundation elements (footings or piles), the use of a foundation 

slab or tie-beams between these elements in both main directions is recommended, subject to the criteria 

and rules of 5.4.1.2. 

4.2.2    Primary and secondary seismic members 

(1)P     A certain number of structural members (e.g. beams and/or columns) may be designated as 

“secondary” seismic members (or elements), not forming part of the seismic action resisting system of 

the building. The strength and stiffness of these elements against seismic actions shall be neglected. 

They do not need to  conform to the requirements of Sections 5 to 9. Nonetheless these members and 

their connections shall be designed and detailed to maintain support of gravity loading when subjected to 

the displacements  caused  by  the  most  unfavourable  seismic  design  condition.  Due allowance of 

2nd  order effects (P-Δ effects) should be made in the design of  these members. 

(2)       Sections 5 to 9 give rules, in addition to those of EN 1992, EN 1993, EN 1994, EN 1995 and EN 

1996, for the design and detailing of secondary seismic elements. 

(3)       All structural members not designated as being secondary seismic members are taken as being 

primary seismic members. They are taken as being part of the lateral force resisting system, should 

be modelled in the structural analysis in accordance with 4.3.1 and designed and detailed for earthquake 

resistance in accordance with the rules of Sections 5 to 9. 

(4)       The  total  contribution  to  lateral  stiffness  of  all  secondary  seismic  members should not 

exceed 15% of that of all primary seismic members. 

(5)       The designation of some structural elements as secondary seismic members is not allowed to 

change the classification of the structure  from non-regular to regular as described in 4.2.3. 

4.2.3    Criteria for structural regularity 

4.2.3.1   General 

(1)P    For the purpose of seismic design, building structures are categorised into being regular or non-

regular. 

NOTE In building structures consisting of more than one dynamically independent units, the categorisation and the relevant 

criteria in 4.2.3 refer to the individual dynamically independent units. In such structures, “individual dynamically 

independent unit” is meant for “building” in 4.2.3. 
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(2)       This distinction has implications  for the following aspects of the seismic design: 

− the structural model, which can be either a simplified planar model or a spatial model ; 

− the method of analysis, which can be either a simplified response spectrum analysis (lateral force 

procedure) or a modal one; 

− the  value  of  the  behaviour  factor  q,  which  shall  be  decreased  for  buildings non-regular in 

elevation (see 4.2.3.3). 

(3)P     With regard to the implications of structural regularity on analysis and design, separate 

consideration is given to the regularity characteristics of the building in plan and in elevation (Table 

4.1). 

Table 4.1: Consequences of structural regularity on seismic analysis and design 
 

 

Regularity 
 

Allowed Simplification Behaviour factor 
 

Plan 
 

Elevation 
 

Model Linear-elastic Analysis (for linear analysis) 

Yes 

Yes 

No 

No 

Yes 

No 

Yes 

No 

Planar 

Planar 

Spatial** 

Spatial

Lateral force*
 

 

Modal 

Lateral force*
 

 

Modal

Reference value 

Decreased value 

Reference value 

Decreased value 
 

* If the condition of 4.3.3.2.1(2)a) is also met. 
 
* *  Under the specific conditions given in 4.3.3.1(8) separate planar model may be used in each 
horizontal direction, in accordance with 4.3.3.1(8). 

 
 

(4)       Criteria describing regularity in plan and in elevation are given in 4.2.3.2 and 4.2.3.3. Rules 

concerning modelling and analysis are given in 4.3. 

(5)P     The regularity criteria given in 4.2.3.2 and 4.2.3.3 should be taken as necessary conditions. It 

shall be verified that the assumed regularity of the building structure is not impaired by other 

characteristics, not included in these criteria. 

(6)       The reference values of the behaviour factors are given in Sections 5 to 9. 

(7)       For non-regular in elevation buildings the decreased values of the behaviour factor are given 

by the reference values multiplied by 0,8. 

4.2.3.2   Criteria for regularity in plan 

(1)P     For a building to be categorised as being regular in plan, it shall satisfy all the conditions listed 

in the following paragraphs. 

Information Center for Standards, Metrology and Quality- 8 Hoang Quoc Viet Street, Cau Giay, Hanoi, Vietnam, Tel: 844 37562608. 



TCVN 9386-1:2012 

 56

(2)       With respect to the lateral stiffness and mass distribution, the building structure shall be 

approximately symmetrical in plan with respect to two orthogonal axes. 

(3)       The plan configuration  shall be compact, i.e., each floor shall be delimited by a polygonal 

convex line. If in plan set-backs (re-entrant corners or edge recesses) exist, regularity in plan may still 

be considered as being satisfied, 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 polygonal line 

enveloping the floor does not exceed 5 % of the floor area. 

(4)       The in-plan stiffness of the floors shall be sufficiently large in comparison with the lateral 

stiffness of the vertical structural elements, so that the deformation of the floor shall have a small 

effect on the distribution of the forces among the vertical structural elements. In this respect, the L, C, H, 

I, and X plan shapes should be carefully examined, notably as concerns the stiffness of the lateral 

branches, which should be comparable to that of the central part, in order to satisfy the rigid diaphragm 

condition. The application of this paragraph should be considered for the global behaviour of the 

building. 

(5)       The slenderness λ = Lmax/Lmin of the building in plan  shall be not higher than 4, where Lmax and 

Lmin  are respectively the larger and smaller in plan dimension of  the building, measured in 

orthogonal directions. 

(6)       At  each  level  and  for  each  direction  of  analysis  x  and  y,  the  structural eccentricity eo and 

the torsional radius r shall be in accordance with the two conditions below, which are expressed for the 

direction of analysis y: 

E0x ≤ 0,30 .rx                 (4.1 a) 

Rx ≥ ls                                           (4.1b) 

 

where 

eox           is the distance between the centre of stiffness and the centre of mass, measured along the x 

direction, which is normal to the direction of analysis considered; 

rx             is the square root of the ratio of the torsional stiffness to the lateral stiffness in the y direction 

(“torsional radius”); and 

ls              is the radius of gyration of the floor mass in plan (square root of the ratio of (a) the polar moment 

of inertia of the floor mass in plan with respect to the centre of mass of the floor to (b) the floor mass). 

The definitions of centre of stiffness and torsional radius r are provided in (7) to (9) of this subclause. 
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(7)       In single storey buildings the centre of stiffness is defined as the centre of the lateral stiffness of 

all primary seismic members. The torsional radius r is defined as the square root of the ratio of the 

global torsional stiffness with respect to the centre of lateral stiffness, and the global lateral stiffness, 

in one direction, taking into account all of the primary seismic members in  this direction. 

(8)       In multi-storey buildings only approximate definitions of the centre of stiffness and of the 

torsional radius are possible. A simplified definition, for the classification of structural regularity in plan 

and for the approximate analysis of torsional effects, is possible if the  following two conditions are 

satisfied: 

a) all lateral load resisting systems, such as cores, structural walls, or frames, run without 

interruption from the foundations to the top of the building; 

b) the deflected shapes of the individual systems under horizontal loads are not very different. This 

condition may be considered satisfied in the case of frame systems and wall systems. In general, this 

condition is not satisfied in dual systems. 

(9)       In frames and in systems of slender walls with prevailing flexural deformations, the position of 

the centres of stiffness and the torsional radius of all storeys may be calculated as those of the moments 

of inertia of the cross-sections of the vertical elements.  If,  in  addition  to  flexural  deformations,  shear  

deformations  are  also significant, they may be accounted for by using an equivalent moment of inertia 

of the cross-section. 

4.2.3.3   Criteria for regularity in elevation 

(1)P     For a building to be categorised as being regular in elevation, it shall satisfy all the conditions 

listed in the following paragraphs. 

(2)       All lateral load resisting systems, such as cores, structural walls, or frames, shall run without 

interruption from their foundations to the top of the building or, if setbacks at different heights are 

present, to the top of the relevant zone of the building. 

(3)       Both the lateral stiffness and the mass of the individual storeys shall remain constant or reduce 

gradually, without abrupt changes, from the base to the top of a particular building. 

(4)       In framed buildings the ratio of the actual storey resistance to the resistance required by the 

analysis should not vary disproportionately between adjacent storeys. Within  this  context  the  special  

aspects  of  masonry  infilled  frames  are  treated  in 4.3.6.3.2. 
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(5)       When setbacks are present, the following additional conditions apply: 

a) for gradual setbacks preserving axial symmetry, the setback at any floor  shall be not greater than 20 

% of the previous plan dimension in the direction of the setback (see Figure 4.1.a and Figure 4.1.b); 

b) for a single setback within the lower 15 % of the total height of the main structural system, the 

setback shall be not greater than 50 % of the previous plan dimension (see Figure 4.1.c). In  this case the 

structure of the base zone within the vertically projected perimeter of the upper storeys should be 

designed to resist at least 75% of the horizontal shear forces that would develop in that zone in a similar 

building without the base enlargement; 

c) if the setbacks do not preserve symmetry, in each face the sum of the setbacks at all storeys  shall be 

not greater than 30 % of the plan dimension at the ground floor above the foundation or above the top of 
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a rigid basement, and the individual setbacks shall be not greater than 10 % of the previous plan 

dimension (see Figure 4.1.d). 

4.2.4    Combination coefficients for variable actions 

(1)P     The combination coefficients Ψ2,i  (for the quasi-permanent value of  variable action qi) for 

the design of buildings (see 3.2.4) shall be those given in Table 4. 

(2)P     The combination coefficients ψE,i introduced in 3.2.4(2)P for the calculation of the effects of 

the seismic actions shall be computed from the following expression: 

ψE,i = ϕ.Ψ2,i                           (4.2)                    

The recommended values for ϕ are listed in Table 4.2. 

 
Table 4.2: Values of ϕ for calculating ΨEi 

 

Type of 

variable action

 

Storey 
 

ϕ 

Categories A-C* 
 

Roof 
 

Storeys with correlated occupancies 
 

Independently occupied storeys 

 

1,0 
 

0,8 
 

0,5 
Categories D-F*

 
 

and Archives 

  
1,0 

* Categories as defined in Table 3.4. 

 

4.2.5    Importance classes and importance factors 

(1)P     Buildings are classified in 4 importance classes, depending on the consequences of collapse for 

human life, on their importance for public safety and civil protection in the immediate post-earthquake 

period, and on the social and economic consequences of collapse. 

(2)P     The importance classes are characterised by different importance factors γI  as described in 

2.1(3). 

(3)       The importance factor γI  = 1,0 is associated with a seismic event having  the reference return 

period indicated in 3.2.1(3). 

(4)       The definitions of the importance classes are given in Annex E, Part 1. 

(5)      For buildings which house dangerous installations or materials the importance factor should be 

established in accordance with the criteria set forth in relevant standards. 

4.3    Structural analysis 
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4.3.1    Modelling 

(1)P     The model of the building shall adequately represent the distribution of stiffness and mass in it so 

that all significant deformation shapes and inertia forces are properly accounted for under the seismic 

action considered. In the case of non-linear analysis, the model shall also adequately represent the 

distribution of strength. 

(2)      The model should also account for the contribution of joint regions to the deformability of the 

building, e.g. the end zones in beams or columns of frame type structures. Non-structural elements, 

which may influence the response of the primary seismic structure, should also be accounted for. 

(3)       In general the structure may be considered to consist of a number of vertical and lateral load 

resisting systems, connected by horizontal diaphragms. 

(4)       When the floor diaphragms of the building may be taken as being rigid in their planes, the masses 

and the moments of inertia of each floor may be lumped at the centre of gravity. 

NOTE The diaphragm is taken as being rigid, if, when it is modelled with its actual in-plane flexibility, its horizontal 

displacements nowhere exceed those resulting from the rigid diaphragm assumption by more than 10% of the corresponding 

absolute horizontal displacements in the seismic design situation. 

(5)       For buildings conforming to the criteria for regularity in plan (see 4.2.3.2) or with the conditions 

presented in 4.3.3.1(8), the analysis may be performed using two planar models, one for each main 

direction. 

(6)       In concrete buildings, in composite steel-concrete buildings and in masonry buildings the 

stiffness of the load bearing elements should, in general, be evaluated taking into account the effect of 

cracking. Such stiffness should correspond to the initiation of yielding of the reinforcement. 

 

(7)       Unless a more accurate analysis of the cracked elements is performed, the elastic flexural and 

shear stiffness properties of concrete and masonry elements may be taken to be equal to one-half of the 

corresponding stiffness of the uncracked elements. 

(8)       Infill walls which contribute significantly to the lateral stiffness and resistance of the building 

should be taken into account. See 4.3.6 for masonry infills of concrete, steel or composite frames. 

(9)P     The deformability of the foundation shall be taken into account in the model, whenever it may 

have an adverse overall influence on the structural response. 

NOTE Foundation deformability (including the soil-structure interaction) may always be taken into account, including the 

cases in which it has beneficial effects. 

(10)P   The  masses  shall  be  calculated  from  the  gravity  loads  appearing  in  the combination of 
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actions indicated in 3.2.4. The combination coefficients ψEi are given in 4.2.4(2)P. 

4.3.2    Accidental torsional effects 

(1)P     In order to account for uncertainties in the location of masses and in the spatial variation of the 

seismic motion, the calculated centre of mass at each floor i shall be considered as being displaced from 

its nominal location in each direction by an accidental eccentricity: 

eai= iL.05,0±                    (4.3) 

where: 

eai is the accidental eccentricity of storey mass i from its nominal location, applied in the same 

direction at all floors; 

Li             is the floor-dimension perpendicular to the direction of the seismic action. 

4.3.3    Methods of analysis 

4.3.3.1   General 

(1)       Within the scope of Section 4, the seismic effects and the effects of the other actions included in 

the seismic design situation may be determined on the basis of the linear-elastic behaviour of the 

structure. 

(2)P     The reference method for determining the seismic effects shall be the modal response spectrum 

analysis, using a linear-elastic model of the structure and the design spectrum given in 3.2.2.5. 

(3)       Depending on the structural characteristics of the building one of the following two types of 

linear-elastic analysis may be used: 

a) the “lateral force method of analysis” for buildings meeting the conditions given in 4.3.3.2; 

b) the “modal response spectrum analysis", which is applicable to all types of buildings (see 4.3.3.3). 

(4)       As an alternative to a linear method, a non-linear method may also be used, such as: 

c) non-linear static (pushover) analysis; 

d) non-linear time history (dynamic) analysis, 

provided that the conditions specified in (5) and (6) of this subclause and in 4.3.3.4 are satisfied. 

NOTE For base isolated buildings the conditions under which the linear methods a) and b) or the nonlinear ones c) and d), 

may be used are given in Section 10. For non-base-isolated buildings, the linear methods of 4.3.3.1(3) may always be used, as 

specified in 4.3.3.2.1.  

(5) Non-linear analyses should be properly substantiated with respect to the seismic input, the 
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constitutive model used, the method of interpreting the results of the analysis and the requirements to be 

met. 

(6)       Non-base-isolated  structures  designed  on  the  basis  of  non-linear  pushover analysis  without  

using  the  behaviour  factor  q  (see  4.3.3.4.2.1(1)d),  should  satisfy 4.4.2.2(5), as well as the rules of 

Sections 5 to 9 for dissipative structures. 

(7)       Linear-elastic analysis may be performed using two planar models, one for each main horizontal 

direction, if the criteria for regularity in plan are satisfied (see 4.2.3.2). 

(8)       Depending on the importance class of the building, linear-elastic analysis may be performed 

using two planar models, one for each main horizontal direction, even if the criteria for regularity in plan 

in 4.2.3.2 are not satisfied, provided that all of the following special regularity conditions are met: 

a) the building shall have well-distributed and relatively rigid cladding and partitions; 

b) the building height  shall not exceed 10 m; 

c) the in-plane stiffness of the floors shall be large enough in comparison with the lateral stiffness of the 

vertical structural elements, so that a rigid diaphragm behaviour may be assumed. 

d) the centres of lateral stiffness and mass shall be each approximately on a vertical line and, in the two 

horizontal directions of analysis, satisfy the conditions: rx2 > ls2 + eox2, ry2 > ls2 + eoy2 where the radius of 

gyration ls, the torsional radii rx and ry and the natural eccentricities eox and eoy are defined as in 

4.2.3.2(6). 

NOTE The value of the importance factor, γI, below which the simplification of the analysis in accordance with 4.3.3.1(8) is 

allowed in a country, may be found in Annex E, Part 1. 

 

(9)       In  buildings  satisfying  all  the  conditions  of  (8)  of  this  subclause  with  the exception of d), 

linear-elastic analysis using two planar models, one for each main horizontal direction, may also be 

performed, but in such cases all seismic action effects resulting from the analysis should be multiplied 

by 1,25. 

(10)P   Buildings not conforming to the criteria in (7) to (9) of this clause shall be analysed using a 

spatial model. 

(11)P   Whenever a spatial model is used, the design seismic action shall be applied along  all  relevant  

horizontal directions  (with  regard  to the  structural  layout  of  the building)  and  their  orthogonal  

horizontal  directions.  For  buildings  with  resisting elements in two perpendicular directions these two 

directions shall be considered as the relevant directions. 

4.3.3.2   Lateral force method of analysis 
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4.3.3.2.1  General 

(1)P   This type of analysis may be applied to buildings whose response is not significantly affected by 

contributions from modes of vibration higher than the fundamental mode in each principal direction. 

(2)       The requirement in (1)P of this subclause is deemed to be satisfied in buildings which fulfil both 

of the two following conditions. 

a) they have fundamental periods of vibration T1 in the two main directions which are smaller than the 

following values: 

 

   where TC is defined in 3.2.2.2; 

b) they meet the criteria for regularity in elevation given in 4.2.3.3. 

4.3.3.2.2 Base shear force 

(1)P The seismic base shear force Fb, for each horizontal direction in which the building is analysed, 

shall be determined using the following expression: 

Fb  = S d (T1 ). m.λ       (4.5) 

where 

Sd (T1) is the ordinate of the design spectrum (see 3.2.2.5) at period T1; 

 

T1   is the fundamental period of vibration of the building for lateral motion in the direction considered; 

m is the total mass of the building, above the foundation or above the top of a rigid basement, computed 

in accordance with 3.2.4(2); 

⎣  λ is the correction factor, the value of which is equal to:λ = 0,85 if T1  < 2 TC  and the building has 

more than two storeys, or λ = 1,0 otherwise. 

NOTE The factor λ accounts for the fact that in buildings with at least three storeys  and translational degrees of freedom in 

each horizontal direction, the effective modal mass of the 1st (fundamental) mode is smaller, on average by 15%, than the 

total building mass. 

(2)       For the determination of the fundamental period of vibration period T1  of the building,  

expressions  based  on  methods  of  structural  dynamics  (for  example  the Rayleigh method) may be 

used. 

   
(4.4) 
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(3)       For  buildings  with  heights  of  up  to  40  m  the  value  of  T1   (in  s)  may  be approximated by 

the following expression: 

T1 = Ct . H3/4
                  (4.6) 

Where: 

Ct            is 0,085 for moment resistant space steel frames, 0,075 for moment resistant space concrete 

frames and for eccentrically braced steel frames and 0,050 for all other structures; 

H         is the height of the building, in m, from the foundation or from the top of a rigid basement. 

(4) Alternatively, for structures with concrete or masonry shear walls the value Ct in expression (4.6) 

may be taken as being: 

Ct = 0,075/ cA                   (4.7) 

Where: 

Ac = Σ [ ]2))/(2,0.( HlA wii +                    (4.8) 

and 

Ac is the total effective area of the shear walls in the first storey of the building, in m2; 

Ai is the effective cross-sectional area of shear wall i in the direction considered in the first storey of 

the building, in m2; 

H is as in (3) of this subclause; 

lwi is the length of the shear wall i in the first storey in the direction parallel to the applied forces, in 

m, with the restriction that lwi/H should not exceed 0,9. 

(5) Alternatively, the estimation of T1  (in s) may be made by using the following expression: 

T1 = 2. d          (4.9) 

where 

d is the lateral elastic displacement of the top of the building, in m, due to the gravity loads applied 

in the horizontal direction. 

4.3.3.2.3  Distribution of the horizontal seismic forces 

(1)       The fundamental mode shapes in the horizontal directions of analysis of the building may be 

calculated using methods of structural dynamics or may be approximated by horizontal displacements 

increasing linearly along the height of the building. 
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(2)P     The seismic action effects shall be determined by applying, to the two planar models, horizontal 

forces Fi to all storeys. 

 

where 

Fi             is the horizontal force acting on storey i; 

Fb            is the seismic base shear in accordance with expression (4.5); 

si, sj        are the displacements of masses mi, mj in the fundamental mode shape; 

mi, mj    are the storey masses computed in accordance with 3.2.4(2). 

(3)  When the fundamental mode shape is approximated by horizontal displacements increasing linearly 

along the height, the horizontal forces Fi  should be taken as being given by: 

 

where 

zi, zj are the heights of the masses mi mj above the level of application of the seismic action (foundation or 

top of a rigid basement). 

 

(4)P     The horizontal forces Fi  determined in accordance with this clause shall be distributed to the 

lateral load resisting system assuming the floors are rigid in their plane. 

4.3.3.2.4  Torsional effects 

(1)       If the lateral stiffness and mass are symmetrically distributed in plan and unless the accidental 

eccentricity of 4.3.2(1)P is taken into account by a more exact method (e.g. that of 4.3.3.3.3(1)), the 

accidental torsional effects may be accounted for by multiplying the action effects in the individual load 

resisting elements resulting from the application of 4.3.3.2.3(4) by a factor δ given by: 

δ = 1 + 0,6 (x/Le)                               (4.12) 

where 

x          is the distance of the element under consideration from the centre of mass of the building in plan, 

measured perpendicularly to the direction of the seismic action considered; 

(4.10) 

(4.11) 
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Le            is  the  distance  between  the  two  outermost  lateral  load  resisting  elements, measured 

perpendicularly to the direction of the seismic action considered. 

(2)       If  the  analysis  is  performed  using  two  planar  models,  one  for  each  main horizontal 

direction, torsional effects may be determined by doubling the accidental eccentricity eai of expression 

(4.3) and applying (1) of this subclause with factor 0,6 in expression (4.12) increased to 1,2. 

4.3.3.3   Modal response spectrum analysis 

4.3.3.3.1  General 

(1)P     This type of analysis shall be applied to buildings which do not satisfy the conditions given in 

4.3.3.2.1(2) for applying the lateral force method of analysis. 

(2)P     The response of all modes of vibration contributing significantly to the global response shall be 

taken into account. 

(3)       The requirements specified in paragraph (2)P may be deemed to be satisfied if either of the 

following can be demonstrated: 

− the sum of the effective modal masses for the modes taken into account amounts to at least 90% of the 

total mass of the structure; 

− all modes with effective modal masses greater than 5% of the total mass are taken into account. 

NOTE The effective modal mass mk, corresponding to a mode k, is determined so that the base shear force Fbk, acting in the 

direction of application of the seismic action, may be expressed as Fbk = Sd(Tk) mk. It can be shown that the sum of the 

effective modal masses (for all modes and a given direction) is equal to the mass of the structure. 

(4)  When using a spatial model, the above conditions should be verified for each relevant direction. 

(5) If the requirements specified in (3) cannot be satisfied (e.g. in buildings with a significant 

contribution from torsional modes), the minimum number k of modes to be taken into account in a 

spatial analysis should satisfy both the two following conditions: 

K ≥ 3 n             (4.13) 

and 

Tk ≤ 0,020s                  (4.14) 

where 

k          is the number of modes taken into account; 

n          is the number of storeys above the foundation or the top of a rigid basement; 

Tk            is the period of vibration of mode k. 
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4.3.3.3.2  Combination of modal responses 

(1)       The response in two vibration modes i and j (including both translational and torsional modes) 

may be taken as independent of each other, if their periods Ti and Tj satisfy (with Tj  and Ti) the following 

condition: 

Tj ≤ 0,9. Ti         (4.15) 

(2)       Whenever all relevant modal responses (see 4.3.3.3.1(3)-(5)) may be regarded as independent of 

each other, the maximum value EE  of a seismic action effect may be taken as: 

EE = ∑ 2
EiE

                   (4.16) 

where 

EE           is the seismic action effect under consideration (force, displacement, etc.); 

EEi          is the value of this seismic action effect due to the vibration mode i. 

(3)P If (1) is not satisfied, more accurate procedures for the combination of the modal maxima, such 

as the "Complete Quadratic Combination" shall be adopted. 

4.3.3.3.3  Torsional effects 

(1)       Whenever  a  spatial  model  is  used  for  the  analysis,  the  accidental  torsional effects  referred  

to  in  4.3.2(1)P  may  be  determined  as  the  envelope  of  the  effects resulting from the application of 

static loadings, consisting of sets of torsional moments Mai about the vertical axis of each storey i: 

Mai = eai . Fi                            (4.17) 

where 

Mai is the torsional moment applied at storey i about its vertical axis; 

eai            is the accidental eccentricity of storey mass i in accordance with expression (4.3) for all relevant 

directions; 

Fi is the horizontal force acting on storey i, as derived in 4.3.3.2.3 for all relevant directions. 

(2)       The effects of the loadings in accordance with (1) should be taken into account with positive and 

negative signs (the same sign for all storeys). 

(3)       Whenever two separate planar models are used for the analysis, the torsional effects may be 

accounted for by applying the rules of 4.3.3.2.4(2) to the action effects computed in accordance with 

4.3.3.3.2. 

4.3.3.4   Non-linear methods 
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4.3.3.4.1  General 

(1)P     The mathematical model used for elastic analysis shall be extended to include the strength of 

structural elements and their post-elastic behaviour. 

(2)       As a minimum, a bilinear force–deformation relationship should be used at the element level. In 

reinforced concrete and masonry buildings, the elastic stiffness of a bilinear force-deformation relation 

should correspond to that of cracked sections (see 4.3.1(7)). In ductile elements, expected to exhibit 

post-yield excursions during the response, the elastic stiffness of a bilinear relation should be the secant 

stiffness to the yield-point.  Trilinear  force–deformation  relationships,  which  take  into  account  pre- 

crack and post-crack stiffnesses, are allowed. 

(3)       Zero post-yield stiffness may be assumed. If strength degradation is expected, e.g. for masonry 

walls or other brittle elements, it has to be included in the force– deformation relationships of those 

elements. 

(4)       Unless otherwise specified, element properties should be based on mean values of the properties 

of the materials. For new structures, mean values of material properties may be estimated from the 

corresponding characteristic values on the basis of information provided in EN 1992 to EN 1996 or in 

other current standards. 

 

(5)P     Gravity loads in accordance with 3.2.4 shall be applied to appropriate elements of the 

mathematical model. 

(6)       Axial forces due to gravity loads should be taken into account when determining force – 

deformation relations for structural elements. Bending moments in vertical structural elements due to 

gravity loads may be neglected, unless they substantially influence the global structural behaviour. 

(7)P     The seismic action shall be applied in both positive and negative directions and the maximum 

seismic effects as a result of this shall be used. 

4.3.3.4.2  Non-linear static (pushover) analysis 

4.3.3.4.2.1 General 

(1)       Pushover analysis is a non-linear static analysis carried out under conditions of constant gravity 

loads and monotonically increasing horizontal loads. It may be applied to verify the structural 

performance of newly designed and of existing buildings for the following purposes: 

- to verify or revise the overstrength ratio values αu/α1 (see 5.2.2.2, 6.3.2, 7.3.2); 

- to estimate the expected plastic mechanisms and the distribution of damage; 
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-  to  assess  the  structural  performance  of  existing  or  retrofitted  buildings  for  the purposes of 

relevant standards; 

- as an alternative to the design based on linear-elastic analysis which uses the behaviour factor q. In that 

case, the target displacement indicated in 4.3.3.4.2.6(1)P should be used as the basis of the design. 

(2)     Buildings not conforming to the regularity criteria of 4.2.3.2 or the criteria of 4.3.3.1(8)a)-e) shall 

be analysed using a spatial model. Two independent analyses with lateral loads applied in one direction 

only may be performed. 

(3)       For buildings conforming to the regularity criteria of 4.2.3.2 or the criteria of 4.3.3.1(8)a)-d) the 

analysis may be performed using two planar models, one for each main horizontal direction. 

(4) For low-rise masonry buildings, in which structural wall behaviour is dominated by shear, each 

storey may be analysed independently. 

(5) The requirements in (4) are deemed to be satisfied if the number of storeys is 3 or less and if the 

average aspect (height to width) ratio of structural walls is less than 1,0. 

4.3.3.4.2.2 Lateral loads 

(1)       At least two vertical distributions of the lateral loads should be applied: 

 

−   a “uniform” pattern, based on lateral forces that are proportional to mass regardless of elevation 

(uniform response acceleration); 

−   a “modal” pattern, proportional to lateral forces consistent with the lateral  force distribution in the 

direction under consideration determined in elastic  analysis (in accordance with 4.3.3.2 or 4.3.3.3). 

(2)P Lateral  loads  shall  be  applied  at  the  location  of  the  masses  in  the  model. Accidental 

eccentricity in accordance with 4.3.2(1)P shall be taken into account. 

4.3.3.4.2.3 Capacity curve 

(1)       The  relation  between  base  shear  force  and  the  control  displacement  (the “capacity curve”) 

should be determined by pushover analysis for values of the control displacement ranging between zero 

and the value corresponding to 150% of the target displacement, defined in 4.3.3.4.2.6. 

(2)       The control displacement may be taken at the centre of mass of the roof of the building. The top 

of a penthouse should not be considered as the roof. 

4.3.3.4.2.4 Overstrength factor 

(1)       When the overstrength ratio (αu/α1) is determined by pushover analysis,  the lower value of the 
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overstrength factor obtained for the two lateral load  distributions should be used. 

4.3.3.4.2.5 Plastic mechanism 

(1)P    The plastic mechanism shall be determined for the two lateral load distributions applied. The 

plastic mechanisms shall conform to the mechanisms on which the behaviour factor q used in the design 

is based. 

4.3.3.4.2.6 Target displacement 

(1)P     The target displacement shall be defined as the seismic demand derived from the elastic response 

spectrum of 3.2.2.2 in terms of the displacement of an equivalent single-degree-of-freedom system. 

NOTE Informative Annex B gives a procedure for the determination of the target displacement from the elastic response 

spectrum. 

4.3.3.4.2.7 Procedure for the estimation of the torsional effects 

(1)P     Pushover analysis performed with the force patterns specified in 4.3.3.4.2.2 may significantly 

underestimate deformations at the stiff/strong side of a torsionally flexible structure, i.e. a structure with 

a predominantly torsional first mode of vibration. The same applies for the stiff/strong side deformations 

in one direction of a structure with a predominately torsional second mode of vibration. For such 

structures, displacements at the stiff/strong side shall be increased, compared to those in the 

corresponding torsionally balanced structure. 

NOTE The stiff/strong side in plan is the one that develops smaller horizontal displacements than the opposite side, under 

static lateral forces parallel to it. For torsionally flexible structures, the dynamic displacements at the stiff/strong side may 

considerably increase due to the influence of the predominantly torsional mode. 

(2)       The requirement specified in (1) of this subclause is deemed to be satisfied if the amplification 

factor to be applied to the displacements of the stiff/strong side is based on the results of an elastic 

modal analysis of the spatial model. 

(3)       If two planar models are used for analysis of structures which are regular in plan, the torsional 

effects may be estimated in accordance with 4.3.3.2.4 or 4.3.3.3.3. 

4.3.3.4.3  Non-linear time-history analysis 

(1)       The time-dependent response of the structure may be obtained through direct numerical 

integration of its differential equations of motion, using the accelerograms defined in 3.2.3.1 to represent 

the ground motions. 

(2)     The structural element models should conform to 4.3.3.4.1(2)-(4) and be supplemented with rules 

describing the element behaviour under post-elastic unloading- reloading cycles. These rules should 

realistically reflect  the energy dissipation in the element over the range of displacement amplitudes 
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expected in the seismic design situation. 

(3)       If the response is obtained from at least 7 nonlinear time-history analyses with ground motions in 

accordance with 3.2.3.1, the average of the response quantities from all of these analyses should be used 

as the design value of the action effect Ed  in the relevant verifications of 4.4.2.2. Otherwise, the most 

unfavourable value of the response quantity among the analyses should be used as Ed. 

4.3.3.5   Combination of the effects of the components of the seismic action 

4.3.3.5.1  Horizontal components of the seismic action 

(1)P     In general the horizontal components of the seismic action (see 3.2.2.1(3)) shall be taken as 

acting simultaneously. 

(2)       The combination of the horizontal components of the seismic action may be accounted for as 

follows. 

a) The structural response to each component shall be evaluated separately, using the combination rules 

for modal responses given in 4.3.3.3.2. 

 

b) The maximum value of each action effect on the structure due to the two horizontal components of 

the seismic action may then be estimated by the square root of the sum of the squared values of the 

action effect due to each horizontal component. 

c) The rule b) generally gives a safe side estimate of the probable values of other action effects 

simultaneous with the maximum value obtained as in b). More accurate models may be used for the 

estimation of the probable simultaneous values of more than one action effect due to the two horizontal 

components of the seismic action. 

(3)       As an alternative to b) and c) of (2) of this subclause, the action effects due to the combination of 

the horizontal components of the seismic action may be computed using both of the two following 

combinations: 

a) EEdx "+" 0,30EEdy                                                                                                                                                     (4.18) 

b) 0,30EEdx "+" EEdy                                                                                                                                                     (4.19) 

where 

"+"       implies "to be combined with''; 

EEdx  represents the action effects due to the application of the seismic action along the chosen 

horizontal axis x of the structure; 
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EEdy represents the action effects due to the application of the same seismic action along the 

orthogonal horizontal axis y of the structure. 

(4)       If  the  structural  system  or  the  regularity  classification  of  the  building  in elevation is 

different in different horizontal directions, the value of the behaviour factor q may also be different. 

(5)P     The sign of each component in the above combinations shall be taken as being the most 

unfavourable for the particular action effect under consideration. 

(6)       When using non-linear static (pushover) analysis and applying a spatial model, the combination 

rules of (2) and (3) in this subclause should be applied, considering the forces and deformations due to 

the application of the target displacement in the x direction as EEdx  and the forces and deformations due 

to the application of the target displacement in the y direction as EEdy. The internal forces resulting from 

the combination should not exceed the corresponding capacities. 

(7)P     When using non-linear time-history analysis and employing a spatial model of the structure, 

simultaneously acting accelerograms shall be taken as acting in both horizontal directions. 

(8)       For buildings satisfying the regularity criteria in plan and in which walls or independent bracing 

systems in the two main horizontal directions are the only primary seismic elements (see 4.2.2), the 

seismic action may be assumed to act separately and without combinations (2) and (3) of this subclause, 

along the two main orthogonal horizontal axes of the structure. 

4.3.3.5.2  Vertical component of the seismic action 

(1)       If avg  is greater than 0,25 g (2,5 m/s2) the vertical component of the seismic action, as defined in 

3.2.2.3, should be taken into account in the cases listed below: 

−   for horizontal or nearly horizontal structural members spanning 20 m or more; 

−   for horizontal or nearly horizontal cantilever components longer than 5 m; 

−   for horizontal or nearly horizontal pre-stressed components; 

−   for beams supporting columns; 

−  in base-isolated structures. 

(2)       The analysis for determining the effects of the vertical component of the seismic action may be 

based on a partial model of the structure, which includes the elements on which the vertical component 

is considered to act (e.g. those listed in the previous paragraph) and takes into account the stiffness of the 

adjacent elements. 

(3)       The effects of the vertical component need be taken into account only for the elements under 

consideration (e.g. those listed in (1) of this subclause) and their directly associated supporting elements 
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or substructures. 

(4)       If the horizontal components of the seismic action are also relevant for these elements, the rules 

in 4.3.3.5.1(2) may be applied, extended to three components of the seismic action. Alternatively, all 

three of the following combinations may be used for the computation of the action effects: 

a) EEdx ''+" 0,30 EEdy "+" 0,30 EEdz                                                                                                                   (4.20)  

b) 0,30 EEdx "+" EEdy "+" 0,30 EEdz                                                                                                                  (4.21) 

c) 0,30 EEdx "+" 0,30 EEdy "+" EEdz                                                                                                                   (4.22) 

where 

"+"      implies "to be combined with''; 

EEdx and EEdy    are as in 4.3.3.5.1(3); 

EEdz represents the action effects due to the application of the vertical component of the design 

seismic action as defined in 3.2.2.5(5) and (6). 

(5) If non-linear static (pushover) analysis is performed, the vertical component of the seismic action 

may be neglected. 

4.3.4    Displacement calculation 

4.3.4.1  If linear analysis is performed the displacements induced by the design seismic action shall be 

calculated on the basis of the elastic deformations of the structural system by means of the following 

simplified expression: 

Ds = qd . dc                              (4.23) 

where: 

ds is the displacement of a point of the structural system induced by the design seismic action; 

qd is  the  displacement  behaviour  factor,  assumed  equal  to  q  unless  otherwise specified; 

de is the displacement of the same point of the structural system, as determined by a linear analysis 

based on the design response spectrum in accordance with 3.2.2.5. 

The value of ds  does not need to be larger than the value derived from the elastic spectrum. 

NOTE In general qd is larger than q if the fundamental period of the structure is less than TC (see Figure B.2 ). 

4.3.4.2  When determining the displacements de, the torsional effects of the seismic action shall be taken 

into account. 

4.3.4.3 For both static and dynamic non-linear analysis, the displacements determined are those obtained 
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directly from the analysis without further modification. 

4.3.5    Non-structural elements 

4.3.5.1   General 

(1)P     Non-structural  elements  (appendages)  of  buildings  (e.g.  parapets,  gables, antennae, 

mechanical appendages and equipment, curtain walls, partitions, railings) that might, in case of failure, 

cause risks to persons or affect the main structure of the building or services of critical facilities, shall, 

together with their supports, be verified to resist the design seismic action. 

(2)P     For non-structural elements of great importance or of a particularly dangerous nature, the seismic 

analysis shall be based on a realistic model of the relevant structures and on the use of appropriate 

response spectra derived from the response of the supporting structural elements of the main seismic 

resisting system. 

(3)       In all other cases properly justified simplifications of this procedure (e.g. as given in 4.3.5.2(2)) 

are allowed. 

4.3.5.2   Verification 

(1)P     The non-structural elements, as well as their connections and attachments or anchorages, shall be 

verified for the seismic design situation (see 3.2.4). 

NOTE The local transmission of actions to the structure by the fastening of non-structural elements and their influence on the 

structural behaviour should be taken into account. The requirements for fastenings to concrete are given in EN1992-1-1:2004, 

2.7. 

(2)       The effects of the seismic action may be determined by applying to the non- structural element a 

horizontal force Fa which is defined as follows: 

Fa = a

aaa

q
WS γ..

                          (4.24) 

where 

Fa is the horizontal seismic force, acting at the centre of mass of the non-structural element in the 

most unfavourable direction; 

Wa is the weight of the element; 

Sa is the seismic coefficient applicable to non-structural elements, (see (3) of this subclause); 

γa is the importance factor of the element, see 4.3.5.3; 

qa is the behaviour factor of the element, see Table 4.4. 
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(3) The seismic coefficient Sa may be calculated using the following expression: 

 

where 

α  is the ratio of the design ground acceleration on type A ground, ag, to the acceleration of gravity 

g; 

S is the soil factor; 

Ta is the fundamental vibration period of the non-structural element; 

T1 is the fundamental vibration period of the building in the relevant direction; 

z          is the height of the non-structural element above the level of application of the seismic action 

(foundation or top of a rigid basement); and 

H is the building height measured from the foundation or from the top of a rigid basement. 

The value of the seismic coefficient Sa may not be taken less than α. S. 

4.3.5.3 Importance factors  

(1)P For the following non-structural elements the importance factor γa shall not be less than 1,5: 

− anchorage elements of machinery and equipment required for life safety systems; 

− tanks  and  vessels  containing  toxic  or  explosive  substances  considered  to  be hazardous to the 

safety of the general public. 

(2) In all other cases the importance factor γa  of non-structural elements may  be assumed to be γa = 

1,0. 

4.3.5.4 Behaviour factors 

(1) Upper limit values of the behaviour factor qa  for non-structural elements are given in Table 4.3. 

Table 4.3: Values of qa for non-structural elements 
 
 
 

 

Type of non-structural element 
 

qa 
 

Cantilevering parapets or ornamentations 
 

Signs and billboards 
 

Chimneys, masts and tanks on legs acting as unbraced cantilevers along 
more than one half of their total height 

 
1,0 
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Exterior and interior walls 
 

Partitions and facades 
 

Chimneys, masts and tanks on legs acting as unbraced cantilevers along 
less than one half of their total height, or braced or guyed to the structure 
at or above their centre of mass 
 

Anchorage elements for permanent cabinets and book stacks supported by 
the floor 
 

Anchorage elements for false (suspended) ceilings and light fixtures 

 

2,0 

 

4.3.6    Additional measures for masonry infilled frames 

4.3.6.1   General 

(1)P      4.3.6.1 to 4.3.6.3 apply to frame or frame equivalent dual concrete systems of DCH (see Section 

5) and to steel or steel-concrete composite moment resisting frames of DCH (see Sections 6 and 7) with 

interacting non-engineered masonry infills that fulfil all of the following conditions: 

a) they are constructed after the hardening of the concrete frames or the assembly of the steel frame; 

b) they are in contact with the frame (i.e. without special separation joints), but without structural 

connection to it (through ties, belts, posts or shear connectors); 

c) they are considered in principle as non-structural elements. 

(2)       Although the scope of 4.3.6.1 to 4.3.6.3 is limited in accordance with 4.3.6.1(1)P of this 

subclause, these subclauses provide criteria for good practice, which it may be advantageous to adopt for 

DCM or DCL concrete, steel or composite structures with masonry infills. In particular for panels that 

might be vulnerable to out-of-plane failure, the provision of ties can  reduce the hazard of falling 

masonry. 

(3)P     The provisions in 1.3(2) regarding possible future modification of the structure shall apply also to 

the infills. 

(4)       For wall or wall-equivalent dual concrete systems, as well as for braced steel or steel-concrete 

composite systems, the interaction with the masonry infills may be neglected. 

(5)       If engineered masonry infills constitute part of the seismic resistant structural system, analysis 

and design should be carried out in accordance with the criteria and rules given in Clause 9 for confined 

masonry. 

(6)       The requirements and criteria given in 4.3.6.2 are deemed to be satisfied if the rules given in 

4.3.6.3 and 4.3.6.4 and the special rules in Sections 5 to 7 are followed. 

4.3.6.2   Requirements and criteria 
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(1)P     The consequences of irregularity in plan produced by the infills shall be taken into account. 

(2)P     The consequences of irregularity in elevation produced by the infills shall be taken into account. 

(3)P     Account shall be taken of the high uncertainties related to the behaviour of the infills (namely, 

the variability of their mechanical properties and of their attachment to the surrounding frame, their 

possible modification during the use of the building, as well as their non-uniform degree of damage 

suffered during the earthquake itself). 

(4)P     The possibly adverse local effects due to the frame-infill-interaction (e.g. shear failure of 

columns under shear forces induced by the diagonal strut action of infills) shall be taken into account 

(see Sections 5 to 7). 

4.3.6.3   Irregularities due to masonry infills 

4.3.6.3.1  Irregularities in plan 

(1)       Strongly irregular, unsymmetrical or non-uniform arrangements of infills in plan should be 

avoided (taking into account the extent of openings and perforations in infill panels). 

(2)       In the case of severe irregularities in plan due to the unsymmetrical arrangement of  the  infills  

(e.g.  existence  of  infills  mainly  along  two  consecutive  faces  of  the building), spatial models 

should be used for the analysis of the structure. Infills should be included in the model and a sensitivity 

analysis regarding the position and the properties of the infills should be performed (e.g. by disregarding 

one out of three or four infill panels in a planar frame, especially on the more flexible sides). Special 

attention should be paid to the verification of structural elements on the flexible sides of the plan (i.e. 

furthest away from the side where the infills are concentrated) against the effects of any torsional 

response caused by the infills. 

(3)       Infill panels with more than one significant opening or perforation (e.g. a door and a window, 

etc.) should be disregarded in models for analyses in accordance with (2) of this subclause. 

(4)       When the masonry infills are not regularly distributed, but not in such a way as to constitute a 

severe irregularity in plan, these irregularities may be taken into account by increasing by a factor of 2,0 

the effects of the accidental eccentricity calculated in accordance with 4.3.3.2.4 and 4.3.3.3.3. 

4.3.6.3.2  Irregularities in elevation 

(1)P     If there are considerable irregularities in elevation (e.g. drastic reduction of infills in one or more 

storeys compared to the others), the seismic action effects in the vertical elements of the respective 

storeys shall be increased. 

(2)       If  a  more  precise  model  is  not  used,  (1)P  is  deemed  to  be  satisfied if  the calculated 
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seismic action effects are amplified by a magnification factor � defined as follows: 

 

where: 

ΔVRw is the total reduction of the resistance of masonry walls in the storey concerned, compared to the 

more infilled storey above it; and 

ΣVEd is the sum of the seismic shear forces acting on all vertical primary seismic members of the 

storey concerned. 

(3)       If expression (4.26) leads to a magnification factor � lower than 1,1, there is no need for 

modification of action effects. 

4.3.6.4   Damage limitation of infills 

(1)       For the structural systems quoted in 4.3.6.1(1)P belonging to all ductility classes, DCL, M or H, 

except in cases of low seismicity (see 3.2.1(4)), appropriate measures should be taken to avoid brittle 

failure and premature disintegration of the infill walls (in particular of masonry panels with openings or 

of friable materials), as well as the partial or total out-of-plane collapse of slender masonry panels. 

Particular attention should be paid to masonry panels with a slenderness ratio (ratio of the smaller of 

length or height to thickness) of greater than 15. 

(2)       Examples of measures in accordance with (1) of this subclause, to improve both in-plane and out-

of-plane integrity and behaviour, include light wire meshes well anchored on one face of the wall, wall 

ties fixed to the columns and cast into the bedding planes of the masonry, and concrete posts and belts 

across the panels and through the full thickness of the wall. 

(3)       If there are large openings or perforations in any of the infill panels, their edges should be 

trimmed with belts and posts. 

4.4    Safety verifications 

4.4.1    General 

(1)P     For the safety verifications the relevant limit states (see 4.4.2 and 4.4.3 below) and specific 

measures (see 2.2.4) shall be considered. 

(2)       For  buildings  of  importance  classes  other  than  IV  (see  Table  4.3)  the verifications 

prescribed in 4.4.2 and 4.4.3 may be considered satisfied if both of the following two conditions are met. 

a) The total base shear due to the seismic design situation calculated with a behaviour factor equal to the 

value applicable to low-dissipative structures (see 2.2.2(2))is less than  that  due  to  the  other  relevant  
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action  combinations  for  which  the  building  is designed on the basis of a linear elastic analysis. This 

requirement relates to the shear force over the entire structure at the base level of the building 

(foundation or top of a rigid basement). 

b) The specific measures described in 2.2.4 are taken into account, with the exception of the provisions 

in 2.2.4.1(2)-(3). 

4.4.2    Ultimate limit state 

4.4.2.1   General 

(1)P    The no-collapse requirement (ultimate limit state) under the seismic design situation is considered 

to have been met if the following conditions regarding resistance, ductility, equilibrium, foundation 

stability and seismic joints are met. 

4.4.2.2   Resistance condition 

(1)P     The following relation shall be satisfied for all structural elements including connections and the 

relevant non-structural elements: 

Ed ≤ Rd                                                            (4.27) 

where 

Ed            is the design value of the action effect, due to the seismic design situation (see EN 1990:2002 

6.4.3.4), including, if necessary, second order effects (see (2) of this  subclause).  Redistribution  of  

bending  moments  in  accordance  with  EN 1992-1-1:2004, EN 1993-1:2004 and EN 1994-1:2004 is 

permitted; 

Rd            is the corresponding design resistance of the element, calculated in accordance with the rules 

specific to the material used and  in  accordance  with  the mechanical models which relate to the 

specific type of structural system,  as given in Sections 5 to 9 of this document and in   other relevant  

documents. 

(2) Second-order  effects  (P-Δ  effects)  need  not  be  taken  into  account  if  the following 

condition is fulfilled in all storeys: 

                 

where 

θ         is the interstorey drift sensitivity coefficient; 

Ptot          is the total gravity load at and above the storey considered in the seismic design situation; 
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dr             is the design interstorey drift, evaluated as the difference of the average lateral displacements ds  

at the top and bottom of the storey under consideration and calculated in accordance with 4.3.4; 

Vtot          is the total seismic storey shear; and 

h          is the interstorey height. 

(3)       If 0,1<θ≤0,2, the second-order effects may approximately be taken  into account by multiplying 

the relevant seismic action effects by a factor equal to 1/(1 - θ). 

(4)P     The value of the coefficient θ shall not exceed 0,3. 

(5)       If design action effects Ed  are obtained through a nonlinear method of analysis (see 4.3.3.4), (1)P 

of this subclause should be applied in terms of forces only for brittle elements. For dissipative zones, 

which are designed and detailed for ductility, the resistance condition, expression (4.27), should be 

satisfied in terms of member deformations (e.g. plastic hinge or chord rotations), with appropriate 

material partial factors applied on member deformation capacities. 

(6)       Fatigue  resistance  does  not  need  to  be  verified  under  the  seismic  design situation. 

4.4.2.3   Global and local ductility condition 

(1)P     It shall be verified that both the structural elements and the structure as a whole possess adequate 

ductility, taking into account the expected exploitation of ductility, which depends on the selected 

system and the behaviour factor. 

(2)P     Specific material related requirements, as defined in Sections 5 to 9, shall be satisfied, including, 

when indicated,  capacity design provisions in order to obtain the hierarchy of resistance of the various 

structural components necessary for ensuring the intended configuration of plastic hinges and for 

avoiding brittle failure modes. 

(3)P    In multi-storey buildings formation of a soft storey plastic mechanism shall be prevented, as such 

a mechanism might entail excessive local ductility demands in the columns of the soft storey. 

(4)       Unless otherwise specified in Sections 5 to 8, to satisfy the requirement of (3)P, in frame 

buildings, including frame-equivalent ones as defined in 5.1.2(1), with two or more storeys, the 

following condition should be satisfied at all joints of primary or secondary seismic beams with primary 

seismic columns: 

 

where: 

ΣMRc    is the sum of the design values of the moments of resistance of the  columns framing the joint. 
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The minimum value of column moments of resistance within the range of column axial forces produced 

by the seismic design situation should be used in expression (4.29); and 

ΣMRb    is the sum of the design values of the moments of resistance of the  beams framing the joint. 

When partial strength connections are used, the moments of resistance  of  these  connections  are  taken  

into  account  in  the  calculation  of ΣMRb. 

NOTE A rigorous interpretation of expression (4.29) requires calculation of the moments at the centre of the joint. These 

moments correspond to development of the design values of the moments of resistance of the columns or beams at the outside 

faces of the joint, plus a suitable allowance for moments due to shears at the joint faces. However, the loss in accuracy is 

minor and the simplification achieved is considerable if the shear allowance is neglected. This approximation is then deemed 

to be acceptable. 

(5)       Expression  (4.29)  should  be  satisfied  in  two  orthogonal  vertical  planes  of bending, which, 

in buildings with frames arranged in two orthogonal directions, are defined by these two directions. It 

should be satisfied for both directions (positive and negative) of action of the beam moments around the 

joint, with the column moments always opposing the beam moments. If the structural system is a frame 

or equivalent to a frame in only one of the two main horizontal directions of the structural system, then 

expression  (4.29)  should  be  satisfied  just  within  the  vertical  plane  through  that direction. 

(6)       The  rules of (4) and (5) of this subclause are waived at the top level of multi- storey buildings. 

(7)       Capacity design rules to avoid brittle failure modes are given in Sections 5 to 7.  

(8)       The requirements of (1)P and (2)P of this subclause are deemed to be satisfied if all of the 

following conditions are satisfied: 

a) plastic mechanisms obtained by pushover analysis are satisfactory; 

b) global, interstorey and local ductility and deformation demands from pushover analyses  (with  

different  lateral  load  patterns)  do  not  exceed  the  corresponding capacities; 

c) brittle elements remain in the elastic region. 

4.4.2.4   Equilibrium condition 

(1)P     The building structure shall be stable - including overturning or sliding - in the seismic design 

situation specified in 3.2.4 (1)P 

(2)       In special cases the equilibrium may be verified by means of energy balance methods, or by 

geometrically non-linear methods with the seismic action defined as described in 3.2.3.1. 

4.4.2.5   Resistance of horizontal diaphragms 

(1)P     Diaphragms and bracings in horizontal planes shall be able to transmit, with sufficient 
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overstrength, the effects of the design seismic action to the lateral load- resisting systems to which they 

are connected. 

(2)       The requirement in (1)P of this subclause is considered to be satisfied if for the relevant 

resistance verifications the seismic action effects in the diaphragm obtained from the analysis are 

multiplied by an overstrength factor γd greater than 1,0. 

NOTE The values to be ascribed to γd for use for brittle failure modes, such as in shear in concrete diaphragms is 1.3, and for 

ductile failure modes is 1,1. 

 

 

(3)       Design provisions for concrete diaphragms are given in 5.10. 

4.4.2.6   Resistance of foundations 

(1)P     The foundation system shall conform to Section 5, Part 2. 

(2)P     The action effects for the foundation elements shall be derived on the basis of capacity design 

considerations accounting for the development of possible overstrength, but  they  need  not  exceed  the  

action  effects  corresponding  to  the  response  of  the structure under the seismic design situation 

inherent to the assumption of an elastic behaviour (q = 1,0). 

(3)       If the action effects for the foundation have been determined using the value of the behaviour 

factor q applicable to low-dissipative structures, no capacity design considerations in accordance with 

(2)P are required. 

(4)       For foundations of individual vertical elements (walls or columns), (2)P of this subclause is 

considered to be satisfied if the design values of the action effects EFd  on the foundations are derived as 

follows: 

EFd = EF, G + γRd. Ω.EF, E                  (4.30) 

Where: 

γRd is the overstrength factor, taken as being equal to 1,0 for q ≤ 3, or as being equal to 1,2 

otherwise; 

EF,G is the action effect due to the non-seismic actions included in the combination of actions for the 

seismic design situation (see 3.2.4 (1); 

EF,E        is the action effect from the analysis of the design seismic action; and 

Ω  is the value of (Rdi/Edi) ≤ q of the dissipative zone or element i of the structure which has the 

highest influence on the effect EF under consideration; where 
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Rdi           is the design resistance of the zone or element i; and 

Edi is the design value of the action effect on the zone or element i in the seismic design situation. 

(5)       For foundations of structural walls or of columns of moment-resisting frames, Ω is the minimum 

value of the ratio MRd/MEd in the two orthogonal principal directions at the lowest cross-section where a 

plastic hinge can form in the vertical element, in the seismic design situation. 

(6)       For the foundations of columns of concentric braced frames, Ω is the minimum value of the ratio 

Npl,Rd/NEd over all tensile diagonals of the braced frame (see 6.7.4(1)). 

(7)       For the foundations of columns of eccentric braced frames, Ω is the minimum of the following 

two values: of the minimum ratio Vpl,Rd/VEd among all short seismic links, and of the minimum ratio 

Mpl,Rd/MEd among all intermediate and long links in the braced frame (see 6.8.3(1)). 

8)       For common foundations of more than one vertical element (foundation beams, strip footings, 

rafts, etc.) (2)P is deemed to be satisfied if the value of Ω used in expression (4.30) is derived from the 

vertical element with the largest horizontal shear force in the design seismic situation, or, alternatively, if 

a value Ω = 1 is used in expression (4.30) with the value of the overstrength factor γRd increased to 1,4 

(4.30). 

4.4.2.7   Seismic joint condition 

(1)P     Buildings shall be protected from earthquake-induced pounding  from adjacent structures or 

between structurally independent units of the same building. 

(2)       (1)P is deemed to be satisfied: 

(a)       for buildings, or structurally independent units, that do not belong to the same property, if the 

distance from the property line to the potential points of impact is not less than the maximum horizontal 

displacement of the building at the corresponding level, calculated in accordance with expression (4.23); 

(b)       for buildings, or structurally independent units, belonging to the same property, if the distance 

between them is not less than the square root of the sum- of the squares (SRSS) of the maximum 

horizontal displacements of the two buildings or units at the corresponding level, calculated in 

accordance with expression (4.23). 

(3)       If the floor elevations of the building or independent unit under design are the same as those of 

the adjacent building or unit, the above referred minimum distance may be reduced by a factor of 0,7. 

4.4.3    Damage limitation 

4.4.3.1   General 
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(1)       The “damage limitation requirement” is considered to have been satisfied, if, under a seismic 

action having a larger probability of occurrence than the design seismic action corresponding to the “no-

collapse requirement” in accordance with 2.1(1)P and 

3.2.1(3), the interstorey drifts are limited in accordance with 4.4.3.2. 

(2)       Additional damage  limitation  verifications  might  be  required  in  the  case  of buildings 

important for civil protection or containing sensitive equipment. 

4.4.3.2   Limitation of interstorey drift 

(1)       Unless otherwise specified in Sections 5 to 9, the following limits shall be observed: 

a) for buildings having non-structural elements of brittle materials attached to the structure: 

drν ≤ 0,005 h                                      (4.31) 

b) for buildings having ductile non-structural elements: 

drν ≤ 0,075 h                                      (4.32) 

c) for buildings having non-structural elements fixed in a way so as not to interfere with structural 

deformations, or without non-structural elements: 

drν ≤ 0,010 h                                      (4.33) 

where 

dr             is the design interstorey drift as defined in 4.4.2.2(2); 

h          is the storey height; 

ν  is the reduction factor  which takes into account the lower return period of the seismic action 

associated with the damage limitation requirement. 

(2) The value of the reduction factor ν may also depend on the importance class of the building. Implicit 

in its use is the assumption that the elastic response spectrum of the seismic action under which the 

“damage limitation requirement” should be met (see 3.2.2.1(1)P) has the same shape as the elastic 

response spectrum of the design seismic action  corresponding  to  the  “ultimate  limit  state  

requirement”  in  accordance  with 2.1(1)P and 3.2.1(3). 

NOTE The values to be ascribed to ν depends on  the seismic hazard conditions and on the protection of property objective. 

The recommended values of ν are 0,4 for importance classes I and II and ν = 0,5 for importance classes III and IV. 

5     SPECIFIC RULES FOR CONCRETE BUILDINGS 

5.1    General 

5.1.1    Scope 
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(1)P     Section  5  applies  to  the  design  of  reinforced  concrete  buildings  in  seismic regions,  

henceforth  called  concrete  buildings.  Both  monolithically  cast-in-situ  and precast buildings are 

addressed. 

(2)P Concrete buildings with flat slab frames used as primary seismic elements in accordance with 4.2.2 

are not fully covered by this section 

(3)P For the design of concrete buildings EN 1992-1-1:2004 applies. The following rules are additional 

to those given in EN 1992-1-1:2004. 

5.1.2    Terms and definitions 

(1)       The following terms are used in section 5 with the following meanings: 

critical region 

region of a primary seismic element, where the most adverse combination of action effects (M, N, V, T) 

occurs and where plastic hinges may form 

NOTE In concrete buildings critical regions are dissipative zones. The length of the critical region is defined for each type of 

primary seismic element in the relevant clause of this section. 

beam 

structural element subjected mainly to transverse loads and to a normalised design axial force νd = NEd/Ac 

fcd of not greater than 0,1 (compression positive) 

NOTE In general, beams are horizontal. 

column 

structural element, supporting gravity loads by axial compression or subjected to a normalised design 

axial force νd = NEd/Ac fcd of greater than 0,1 

NOTE In general, columns are vertical. 

wall 

structural element supporting other elements and having an elongated cross-section with a length to 

thickness ratio lw/bw of greater than 4 

NOTE In general, the plane of a wall is vertical. 

ductile wall 

wall fixed at its base so that the relative rotation of this base with respect to the rest of the structural 

system is prevented, and that is designed and detailed to dissipate energy in a flexural plastic hinge zone 

free of openings or large perforations, just above its base 
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large lightly reinforced wall 

wall with large cross-sectional dimensions, that is, a horizontal dimension lw  at least equal to 4,0 m or 

two-thirds of the height hw  of the wall, whichever is less, which is expected to develop limited cracking 

and inelastic behaviour under the seismic design situation 

 

NOTE Such a wall is expected to transform seismic energy to potential energy (through temporary uplift of structural masses) 

and to energy dissipated in the soil through rigid-body rocking, etc. Due to its dimensions, or to lack-of-fixity at the base, or 

to connectivity with large transverse walls preventing plastic hinge rotation at the base, it cannot be designed effectively for 

energy dissipation through plastic hinging at the base. 

coupled wall 

structural element composed of two or more single walls, connected in a regular pattern by adequately 

ductile beams ("coupling beams"), able to reduce by at least 25% the sum of the base bending moments 

of the individual walls if working separately 

wall system 

structural system in which both vertical and lateral loads are mainly resisted by vertical structural walls, 

either coupled or uncoupled, whose shear resistance at the building base exceeds 65% of the total shear 

resistance of the whole structural system 

NOTE 1 In this definition and in the ones to follow, the fraction of shear resistance may be substituted by the fraction of 

shear forces in the seismic design situation. 

NOTE 2 If most of the total shear resistance of the walls included in the system is provided by coupled walls, the system may 

be considered as a coupled wall system. 

frame system 

structural system in which both the vertical and lateral loads are mainly resisted by spatial frames whose 

shear resistance at the building base exceeds 65% of the total shear resistance of the whole structural 

system 

dual system 

structural system in which support for the vertical loads is mainly provided by a spatial frame and 

resistance to lateral loads is contributed to in part by the frame system and in part by structural walls, 

coupled or uncoupled 

frame-equivalent dual system 

dual system in which the shear resistance of the frame system at the building base is greater than 50% of 

the total shear resistance of the whole structural system 
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wall-equivalent dual system 

dual system in which the shear resistance of the walls at the building base is higher than 

50% of the total seismic resistance of the whole structural system 

torsionally flexible system 

dual or wall system not having a minimum torsional rigidity (see 5.2.2.1(4)P and (6)) 

NOTE 1 An example of this is a structural system consisting of flexible frames combined with walls concentrated near the 

centre of the building in plan. 

NOTE 2 This definition does not cover systems containing several extensively perforated walls around vertical services and 

facilities. For such systems the most appropriate definition of the respective overall structural configuration should be chosen 

on a case-by-case basis. 

inverted pendulum system 

system in which 50% or more of the mass is in the upper third of the height of the structure, or in which 

the dissipation of energy takes place mainly at the base of a single building element 

NOTE One-storey frames with column tops connected along both main directions of the building and with the value of the 

column normalized axial load �d nowhere exceeding 0,3, do not belong in this category. 

5.2    Design concepts 

5.2.1    Energy dissipation capacity and ductility classes 

(1)P     The design of earthquake resistant concrete buildings shall provide the structure with an adequate 

capacity to dissipate energy without substantial reduction of its overall resistance against horizontal and 

vertical loading. To this end, the requirements and criteria of Section 2 apply. In the seismic design 

situation adequate resistance of all structural elements shall be provided, and non-linear deformation 

demands in critical regions should be commensurate with the overall ductility assumed in calculations. 

(2)P     Concrete buildings may alternatively be designed for low dissipation capacity and low ductility, 

by applying only the rules of EN 1992-1-1:2004 for the seismic design situation, and neglecting the 

specific provisions given in this section, provided the requirements set forth in 5.3 are met. For buildings 

which are not base-isolated (see Section 10), design with this alternative, termed ductility class L (low), 

is recommended only in low seismicity cases (see 3.2.1(4)). 

(3)P     Earthquake resistant concrete buildings other than those to which (2)P of this subclause applies, 

shall be designed to provide energy dissipation capacity and an overall ductile behaviour. Overall ductile 

behaviour is ensured if the ductility demand involves globally a large volume of the structure spread to 

different elements and locations of all its storeys. To this end ductile modes of failure (e.g. flexure) 

should precede brittle failure modes (e.g. shear) with sufficient reliability. 
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(4)P    Concrete buildings designed in accordance with (3)P of this subclause, are classified in two 

ductility classes DCM (medium ductility) and DCH (high ductility), depending on their hysteretic 

dissipation capacity. Both classes correspond to buildings designed, dimensioned and detailed in 

accordance with specific earthquake resistant provisions, enabling the structure to develop stable 

mechanisms associated with large dissipation  of  hysteretic  energy  under  repeated  reversed  loading,  

without  suffering brittle failures. 

(5)P     To provide the appropriate amount of ductility in ductility classes M and H , specific provisions 

for all structural elements shall be satisfied in each class (see 5.4 - 5.6). In correspondence with the 

different available ductility in the two ductility classes, different values of the behaviour factor q are 

used for each class (see 5.2.2.2). 

5.2.2    Structural types and behaviour factors 

5.2.2.1   Structural types 

(1)P     Concrete buildings shall be classified into one of the following structural types (see 5.1.2) 

according to their behaviour under horizontal seismic actions: 

a) frame system; 

b) dual system (frame or wall equivalent); 

c) ductile wall system (coupled or uncoupled); 

d) system of large lightly reinforced walls; 

e) inverted pendulum system; 

f) torsionally flexible system. 

(2)       Except for those classified as torsionally flexible systems, concrete buildings may be classified to 

one type of structural system in one horizontal direction and to another in the other. 

(3)P     A wall system shall be classified as a system of large lightly reinforced walls if, in the horizontal 

direction of interest, it comprises at least two walls with a horizontal dimension of not less than 4,0 m or 

2hw/3, whichever is less, which collectively support at least 20% of the total gravity load from above in 

the seismic design situation, and has a fundamental period T1, for assumed fixity at the base against 

rotation, less than or equal to 0,5 s. It is sufficient to have only one wall meeting the above conditions in 

one of the two directions, provided that: (a) the basic value of the behaviour factor, qo, in that direction is 

divided by a factor of 1,5 over the value given in Table 5.1 and (b) that there are at least two walls 

meeting the above conditions in the orthogonal direction. 

(4)P     The first four types of systems (i.e. frame, dual and wall systems of both types) shall possess a 
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minimum torsional rigidity that satisfies expression (4.1b) in both horizontal directions. 

 

(5)       For frame or wall systems with vertical elements that are well distributed in plan, the requirement 

specified in (4)P of this subclause may be considered as being satisfied without analytical verification. 

(6)       Frame, dual or wall systems without a minimum torsional rigidity in accordance with (4)P of this 

subclause should be classified as torsionally flexible systems. 

(7)       If a structural system does not qualify as a system of large lightly reinforced walls according to 

(3)P above, then all of its walls should be designed and detailed as ductile walls. 

5.2.2.2   Behaviour factors for horizontal seismic actions 

(1)P     The upper limit value of the behaviour factor q, introduced in 3.2.2.5(3) to account for energy 

dissipation capacity, shall be derived for each design direction as follows: 

q = qo . kw ≥ 1,5                      (5.1) 

where 

qo is the basic value of the behaviour factor, dependent on the type of the structural system and on 

its regularity in elevation (see (2) of this subclause); 

kw is the factor reflecting the prevailing failure mode in structural systems with walls (see (11)P of 

this subclause). 

(2) For buildings that are regular in elevation in accordance with 4.2.3.3, the basic values of qo for 

the various structural types are given in Table 5.1. 

Table 5.1: Basic value of the behaviour factor, qo, for systems regular in elevation 
 

 

STRUCTURAL TYPE 
 

DCM 
 

DCH 
 

Frame system, dual system, coupled wall system 
 

3,0αu/α1 
 

4,5 αu/α1 
 

Uncoupled wall system 
 

3,0 
 

4,0 αu/α1 
 

Torsionally flexible system 
 

2,0 
 

3,0 
 

Inverted pendulum system 
 

1,5 
 

2,0 
 

(3) For buildings which are not regular in elevation, the value of qo  should be reduced by 20% (see 

4.2.3.1(7) and Table 4.1). 

(4)  α1 and αu are defined as follows: 

α1   is the value by which the horizontal seismic design action is multiplied  in order to first reach the 
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flexural resistance in any member in the structure,  while all other design actions remain constant; 

 

αu is the value by which the horizontal seismic design action is multiplied, in order to form plastic 

hinges in a number of sections sufficient for the development of overall structural instability, while all 

other design actions remain constant. The factor αu may be obtained from a nonlinear static (pushover) 

global analysis. 

(5) When the multiplication factor αu/α1has not been evaluated through an explicit calculation, for 

buildings which are regular in plan the following approximate values of αu/α1may be used. 

a) Frames or frame-equivalent dual systems. 

−   One-storey buildings: αu/α1=1,1; 

−   multistorey, one-bay frames: αu/α1=1,2; 

−   multistorey, multi-bay frames or frame-equivalent dual structures: αu/α1=1,3. 

b) Wall- or wall-equivalent dual systems. 

−   wall systems with only two uncoupled walls per horizontal direction: αu/α1=1,0; 

−   other uncoupled wall systems: αu/α1=1,1; 

−   wall-equivalent dual, or coupled wall systems: αu/α1=1,2. 

(6)       For buildings which are not regular in plan (see 4.2.3.2), the approximate value of αu/α1that may 

be used when calculations are not performed for its evaluation  are equal to the average of (a) 1,0 and of 

(b) the value given in (5) of this subclause. 

(7)       Values of αu/α1 higher than those given in (5) and (6) of this subclause may be used, provided 

that they are confirmed through a nonlinear static (pushover)  global analysis. 

(8)       The maximum value of αu/α1 that may be used in the design is equal to 1,5, even when the 

analysis mentioned in (7) of this subclause results in higher values. 

(9)       The value of qo given for inverted pendulum systems may be increased, if it can be shown that a 

correspondingly higher energy dissipation is ensured in the critical region of the structure. 

(10)     If  a  special  and  formal  Quality  System  Plan  is  applied  to  the  design, procurement and 

construction in addition to normal quality control schemes, increased values of qo may be allowed. The 

increased values are not allowed to exceed the values given in Table 5.1 by more than 20%. 

NOTE The values to be ascribed to qo possibly in particular projects in the country depending on the special Quality System 

Plan. 
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(11)P   The factor kw  reflecting the prevailing failure mode in structural systems with walls shall be 

taken as follows: 

 

where αo is the prevailing aspect ratio of the walls of the structural system. 

(12) If the aspect ratios hwi/lWi of all walls i of a structural system do not significantly differ, the 

prevailing aspect ratio 〈o may be determined  from the following expression: 

 

where 

hwi is the height of wall i; and 

lwi is the length of the section of wall i. 

(13) Systems of large lightly reinforced walls cannot rely on energy dissipation in plastic hinges and 

so should be designed as DCM structures 

5.2.3    Design criteria 

5.2.3.1   General 

(1)       The design concepts in 5.2.1 and in Section 2   shall be implemented into the earthquake resistant 

structural elements of concrete buildings as specified in 5.2.3.2 -5.2.3.7. 

(2)       The design criteria in 5.2.3.2 - 5.2.3.7 are deemed to be satisfied, if the rules in 5.4 - 5.7 are 

observed. 

5.2.3.2   Local resistance condition 

(1)P     All critical regions of the structure shall meet the requirements of 4.4.2.2(1). 

5.2.3.3   Capacity design rule 

(1)P     Brittle failure or other undesirable failure mechanisms (e.g. concentration of plastic hinges in 

columns of a single storey of a multistorey building, shear failure of structural elements, failure of beam-

column joints, yielding of foundations or of any element intended to remain elastic) shall be prevented, 

by deriving the design action effects of selected regions from equilibrium conditions, assuming that 

plastic hinges with their possible overstrengths have been formed in their adjacent areas. 
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(2)       The primary seismic columns of frame or frame-equivalent concrete structures should satisfy the 

capacity design requirements of 4.4.2.3(4) with the following exemptions. 

a) In plane frames with at least four columns of about the same cross-sectional size, it is not necessary to 

satisfy expression (4.29) in all columns, but just in three out of every four columns. 

b) At the bottom storey of two-storey buildings if the value of the normalised axial load νd does not 

exceed 0,3 in any column. 

(3)       Slab reinforcement parallel to the beam and within the effective flange width specified in 

5.4.3.1.1(3), should be assumed to contribute to the beam flexural capacities taken into account for the 

calculation of ΣMRb  in expression (4.29), if it is  anchored beyond the beam section at the face of the 

joint. 

5.2.3.4   Local ductility condition 

(1)P     For the required overall ductility of the structure to be achieved, the potential regions for plastic 

hinge formation, to be defined later for each type of building element, shall possess high plastic 

rotational capacities. 

(2)       Paragraph (1)P is deemed to be satisfied if the following conditions are met: 

a) a sufficient curvature ductility is provided in all critical regions of primary seismic elements, 

including column ends (depending on the potential for plastic hinge formation in columns) (see (3) of 

this subclause); 

b) local buckling of compressed steel within potential plastic hinge regions of primary seismic elements 

is prevented. Relevant application rules are given in 5.4.3 and 5.5.3; 

c)  appropriate  concrete  and  steel  qualities  are  adopted  to  ensure  local  ductility  as follows: 

−   the steel used in critical regions of primary seismic elements should have  high uniform plastic 

elongation (see 5.3.2(1)P, 5.4.1.1(3)P, 5.5.1.1(3)P); 

−   the tensile strength to yield strength ratio of the steel used in critical regions  of primary seismic 

elements should be significantly higher than unity.  Reinforcing steel   conforming to the requirements 

of 5.3.2(1)P, 5.4.1.1(3)P or  5.5.1.1(3)P, as appropriate, may be deemed to satisfy this requirement; 

−  the concrete used in primary seismic elements should possess adequate compressive strength and a 

fracture strain which exceeds the strain at the maximum compressive strength  by  an  adequate  margin.  

Concrete  conforming  to  the  requirements  of 5.4.1.1(1)P  or  5.5.1.1(1)P,  as  appropriate,  may  be  

deemed  to  satisfy  these requirements. 
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(3)       Unless more precise data are available and except when (4) of this subclause applies, (2)a) of this 

subclause is deemed to be satisfied if the curvature ductility factor μΦ  of these regions (defined as the 

ratio of the post-ultimate strength curvature at 85% of the moment of resistance, to the curvature at 

yield, provided that the limiting strains of concrete and steel εcu  and εsu,k  are not exceeded) is at least 

equal to the  following values: 

 

where qo is the corresponding basic value of the behaviour factor from Table 5.1 and T1 is the 

fundamental period of the building, both taken within the vertical plane in which bending takes place, 

and TC is the period at the upper limit of the constant acceleration region of the spectrum, according to 

3.2.2.2(2)P. 

NOTE Expressions (5.4) and (5.5) are based on  

+ the relationship between ∝⎞ and the displacement ductility factor μδ: μφ = 2 μδ -1, which is normally a 

conservative approximation for concrete members; 

+ the relationship between μδ  and q:  

μδ = q if T1 ≥ TC, 

μδ =1+(q-1)TC/T1 if T1<TC  (see also B5 in Informative Annex B).  

The value  of qo  is used instead of that of q, because q will be lower than qo in irregular buildings, recognising 

that a higher lateral resistance is needed to protect them. However, the local  ductility demands may actually be 

higher than those corresponding to the value of q, so a reduction in the curvature ductility capacity is not 

warranted. 

(4)       In critical regions of primary seismic elements with longitudinal reinforcement of steel class B in 

EN 1992-1-1:2004, Table C.1, the curvature ductility factor μφ should be at least equal to 1,5 times the 

value given by expression (5.4) or (5.5), whichever applies. 

5.2.3.5   Structural redundancy 

(1)P     A high degree of redundancy accompanied by redistribution capacity shall be sought, enabling a 

more widely spread energy dissipation and an increased total dissipated energy. Consequently structural 

systems of lower static indeterminacy shall be assigned lower behaviour factors (see Table 5.1). The 

necessary redistribution capacity  shall be achieved through the local ductility rules given in 5.4 to 5.6. 

 

5.2.3.6   Secondary seismic members and resistances 
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(1)P     A  limited  number  of  structural  members  may  be  designated  as  secondary seismic members 

in accordance with 4.2.2. 

(2)       Rules for the design and detailing of secondary seismic elements are given in 5.7. 

(3)       Resistances or stabilising effects not explicitly taken into account in calculations may enhance 

both strength and energy dissipation (e.g. membrane reactions of slabs mobilised by upward deflections 

of structural walls). 

(4)       Non-structural elements may also contribute to energy dissipation, if they are uniformly  

distributed  throughout  the  structure.  Measures  should  be  taken  against possible local adverse effects 

due to the interaction between structural and nonstructural elements (see 5.9). 

(5)       For  masonry  infilled  frames  (which  are  a  common  case  of  non-structural elements) special 

rules are given in 4.3.6 and 5.9. 

5.2.3.7   Specific additional measures 

(1)P     Due to the random nature of the seismic action and the uncertainties of the post-elastic cyclic 

behaviour of concrete structures, the overall uncertainty is substantially higher than  with non-seismic 

actions. Therefore, measures shall be taken to reduce uncertainties related to the structural configuration, 

to the analysis, to the resistance and to the ductility. 

(2)P     Important resistance uncertainties may be produced by geometric errors. To minimize this type 

of  uncertainty, the following rules shall be applied. 

a)  Certain  minimum  dimensions  of  the  structural  elements  shall  be  respected  (see 5.4.1.2 and 

5.5.1.2) to decrease the sensitivity to geometric errors. 

b) The ratio of the minimum to the maximum dimension of linear elements shall be limited, to minimize 

the risk of lateral instability of these elements (see 5.4.1.2 and 5.5.1.2.1(2)P). 

c) Storey drifts shall be limited, to limit P-  effects in the columns (see 4.4.2.2(2)-(4)). 

d) A substantial percentage of the top reinforcement of beams at their end cross-sections shall continue 

along the entire length of the beam (see 5.4.3.1.2(5)P, 5.5.3.1.3(5)P) to account for the uncertainty in the 

location of the inflection point. 

e) Account shall be taken of reversals of moments not predicted by the analysis by providing minimum 

reinforcement at the relevant side of beams (see 5.5.3.1.3). 

 

(3)P     To minimize ductility uncertainties, the following rules shall be observed. 

a) A minimum of local ductility shall be provided in all primary seismic elements, independently of the 
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ductility class adopted in the design (see 5.4 and 5.5). 

b) A minimum amount of tension reinforcement shall be provided, to avoid brittle failure upon cracking 

(see 5.4.3 and 5.5.5). 

c) An appropriate limit of the normalised design axial force shall be respected (see 5.4.3.2.1(3)P, 

5.4.3.4.1(2), 5.5.3.2.1(3)P and 5.5.3.4.1(2)) to reduce the consequences of cover spalling and to avoid 

the large uncertainties in the available ductility at high levels of applied axial force. 

5.2.4    Safety verifications 

(1)P     For ultimate limit state verifications the partial factors for material properties γc and γs shall take 

into account the possible strength degradation of the materials due to cyclic deformations. 

(2)       If more specific data are not available, the values of the partial factors γc and γs adopted for the 

persistent and transient design situations should be applied,  assuming that due to the local ductility 

provisions the ratio between the residual  strength after degradation and the initial one is roughly equal 

to the ratio between the γM values for accidental and fundamental load combinations. 

(3)       If the strength degradation is appropriately accounted for in the evaluation of the material 

properties, the γM  values adopted for the accidental design situation may  be used. 

NOTE 1 The values ascribed to the material partial factors γc  and γs  for the persistent  and transient design situations and the 

accidental design situations may be found in EN 1992-1-1:2004. 

NOTE 2 The National Annex may specify whether the γM  values to be used for  earthquake resistant design are those for the 

persistent and transient or for the accidental design situations. Intermediate values may even be chosen in the National 

Annex, depending on how the material properties under earthquake loading are evaluated. The recommended choice is that of 

(2) in this subclause, which allows the same value of the design resistance to be used for the persistent and transient design 

situations (e.g. gravity loads with wind) and for the seismic design situation. 

5.3    Design to EN 1992-1-1 

5.3.1    General 

(1)       Seismic design for low ductility (ductility class L), following EN 1992-1-1:2004 without any 

additional requirements other than those of 5.3.2, is recommended only for low seismicity cases (see 

3.2.1(4)). 

5.3.2    Materials 

 

(1)P     In primary seismic elements (see 4.2.2), reinforcing steel of class B or C in EN 1992-1-1:2004, 

Table C.1 shall be used. 
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5.3.3    Behaviour factor 

(1)       A behaviour factor q of up to 1,5 may be used in deriving the seismic actions, regardless of the 

structural system and  the regularity in elevation. 

5.4    Design for DCM 

5.4.1    Geometrical constraints and materials 

5.4.1.1   Material requirements 

(1)P     Concrete of a class lower than C 16/20 shall not be used in primary seismic elements. 

(2)P     With the exceptions of closed stirrups  and cross-ties, only ribbed bars shall be used as 

reinforcing steel in critical regions of primary seismic elements. 

(3)P     In critical regions of primary seismic elements reinforcing steel of class B or C in  EN 1992-1-

1:2004, Table C.1 shall be used. 

(4)P     Welded wire meshes may be used, if they meet the requirements in (2)P and (3)P of this 

subclause. 

5.4.1.2   Geometrical constraints 

5.4.1.2.1  Beams 

(1)P     The eccentricity of the beam axis relative to that of the column into which it frames shall be 

limited, to enable efficient transfer of cyclic moments from a primary seismic beam to a column to be 

achieved. 

(2)       To enable the requirement specified in (1)P to be met  the distance between the centroidal axes of 

the two members should be limited to less than bc/4, where bc is the largest cross-sectional dimension of 

the column normal to the longitudinal axis of the beam. 

(3)P     To take advantage of the favourable effect of column compression on the bond of horizontal bars 

passing through the joint, the width bw  of a primary seismic beam shall satisfy the following expression: 

bw  ≤ min {bc  + hw ; 2bc }                           (5.6) 

where hw is the depth of the beam and bc is as defined in (2) of this subclause. 

5.4.1.2.2  Columns 

(1)       Unless  θ≤0,1  (see (2)),  the  cross-sectional  dimensions  of  primary seismic columns should 

not be smaller than one tenth of the larger distance between the point of contraflexure and the ends of 

the column, for bending within a plane parallel to the column dimension considered. 
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5.4.1.2.3  Ductile Walls 

(1) The  thickness  of  the  web,  bwo,   (in  metres)  should  satisfy  the  following expression: 

bwo ≥ max{0,15, hs/20}                                                                                                 (5.7) 

where hs is the clear storey height in metres. 

(2) Additional requirements apply with respect to the thickness of the confined boundary elements of 

walls, as specified in 5.4.3.4.2(10) 

5.4.1.2.4  Large lightly reinforced walls 

(1)       The provision in 5.4.1.2.3(1) applies also to large lightly reinforced walls. 

5.4.1.2.5  Specific rules for beams supporting discontinued vertical elements 

(1)P     Structural walls shall not rely for their support on beams or slabs. 

(2)P    For a primary seismic beam supporting columns discontinued below the beam, the following rules 

apply: 

a) there shall be no eccentricity of the column axis relative to that of the beam; 

b) the beam shall be supported by at least two direct supports, such as walls or columns. 

5.4.2    Design action effects 

5.4.2.1   General 

(1)P    With the exception of ductile primary seismic walls, for which the special provisions of 5.4.2.4 

apply, the design values of bending moments and axial forces shall be obtained from the analysis of the 

structure for the seismic design situation in accordance with EN 1990:2001 6.4.3.4, taking into account 

second order effects in accordance with 4.4.2.2 and the capacity design requirements of 5.2.3.3(2). 

Redistribution of bending moments in accordance with EN 1992-1-1 is permitted. The design values of 

shear forces of primary seismic beams, columns, ductile walls and lightly reinforced walls, are 

determined in accordance with 5.4.2.2, 5.4.2.3, 5.4.2.4 and 5.4.2.5, respectively. 

5.4.2.2   Beams 

(1)P In  primary  seismic  beams  the  design  shear  forces  shall  be  determined  in accordance with 

the capacity design rule, on the basis of the equilibrium of the beam under: a) the transverse load acting 

on it in the seismic design situation and b) end moments Mi,d  (with i=1,2 denoting the end sections of the 

beam), corresponding to plastic hinge formation for positive and negative directions of seismic loading. 

The plastic hinges should be taken to form at the ends of the beams or (if they form there first) in the 

vertical elements connected to the joints into which the beam ends frame (see Figure 5.1). 
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(2)       Paragraph (1)P of this subclause should be implemented as follows. 

a) At end section i, two values of the acting shear force should be calculated, i.e. the maximum VEd,max,i  

and the minimum VEd,min,i  corresponding to the maximum positive and the maximum negative end 

moments Mi,d  that can develop at ends 1 and 2 of the beam. 

b) End moments Mi,d  in 5.4.2.2(1)P and in (2) a) of this subclause may be determined as follows: 

 

where 

γRd          is the factor accounting for possible overstrength due to steel strain hardening, which in the case 

of DCM beams may be taken as being equal to 1,0; 

MRb,i      is the design value of the beam moment of resistance at end i in the sense of the seismic bending 

moment under the considered sense of the seismic action; 

ΣMRc and ΣMRb are the sum of the design values of the moments of resistance of the columns and the 

sum of the design values of the moments of resistance of the beams framing into the joint, respectively 

(see 4.4.2.3(4)). The value of  ΣMRc should correspond to the column axial force(s) in the seismic design 

situation for the considered sense of the seismic action. 

c) At a beam end where the beam is supported indirectly by another beam, instead of framing into a 

vertical member, the beam end moment Mi,d there may be taken as being equal to the acting moment at 

the beam end section in the seismic design situation. 

 

5.4.2.3   Columns 

(1)P     In  primary  seismic  columns  the  design  values  of  shear  forces  shall  be determined in 
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accordance with the capacity design rule, on the basis of the equilibrium of the column under end 

moments Mi,d  (with i=1,2 denoting the end sections of the column), corresponding to plastic hinge 

formation for positive and negative directions of seismic loading. The plastic hinges should be taken to 

form at the ends of the beams connected to the joints into which the column end frames, or (if they form 

there first) at the ends of the columns (see Figure 5.2). 

 
 

(2) End  moments  Mi,d   in  (1)P  of  this  subclause  may  be  determined  from  the following 

expression: 

 

where 

γRd          is  the  factor  accounting  for  overstrength  due  to  steel  strain  hardening  and confinement of 
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the concrete of the compression zone of the section,  taken  as being equal to 1,1; 

MRc,i      is the design value of the column moment of resistance at end i in the sense of the seismic 

bending moment under the considered sense of the seismic action;  ΣMRc and ΣMRb are as defined in 

5.4.2.2(2). 

(3)  The values of MRc,i and ΣMRc should correspond to the column axial force(s) in the seismic design 

situation for the considered sense of the seismic action. 

5.4.2.4    Special provisions for ductile walls 

(1)P     Uncertainties in the analysis and post-elastic dynamic effects shall be taken into account, at least 

through an appropriate simplified method. If a more precise method is not available, the rules in the 

following clauses for the design envelopes for bending moments, as well as the magnification factors for 

shear forces, may be used. 

(2)  Redistribution of seismic action effects between primary seismic walls of up to 30% is allowed, 

provided that the total resistance demand is not reduced. Shear forces should be redistributed along with 

the bending moments, so that in the individual walls the ratio of bending moments to shear forces is not 

appreciably affected. In walls subjected to large fluctuations of axial force, as e.g. in coupled walls, 

moments and shears should be redistributed from the wall(s) which are under low compression or under 

net tension, to those which are under high axial compression. 

(3) In coupled walls redistribution of seismic action effects between coupling beams of different storeys 

of up to 20% is allowed, provided that the seismic axial force at the base of each individual wall (the 

resultant of the shear forces in the coupling beams) is not affected. 

(4)P Uncertainties  regarding  the  moment  distribution  along  the  height  of  slender primary  seismic  

walls  (with  height to  length  ratio  greater  than  2,0)  shall  be covered. 

(5)  The requirement specified in (4)P of this subclause may be satisfied by applying, irrespective of the 

type of analysis used, the following simplified procedure. 

The design bending moment diagram along the height of the wall should be given by an envelope  of  

the  bending  moment  diagram  from  the  analysis,  vertically  displaced (tension shift). The envelope 

may be assumed linear, if the structure does not exhibit significant discontinuities of mass, stiffness or 

resistance over its height (see Figure 5.3). The tension shift should be consistent with the strut 

inclination taken in the ULS verification for shear, with a possible fan-type pattern of struts near the 

base, and with the floors acting as ties. 

(6)P The possible increase in shear forces after yielding at the base of a primary seismic wall, shall 

be taken into account. 
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(7) The requirement specified in (6)P of this subclause may be satisfied if the design shear forces are 

taken as being 50% higher than the shear forces obtained from the analysis. 

(8) In dual systems containing slender walls the design envelope of shear forces in accordance with 

Figure 5.4 should be used, to account for uncertainties in higher mode effects. 
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5.4.2.5   Special provisions for large lightly reinforced walls 

(1)P To ensure that flexural yielding precedes attainment of the ULS in shear, the shear force V’Ed 

from the analysis shall be increased. 

(2)   The requirement in (1)P of this subclause is considered to be satisfied if at every storey of the wall 

the design shear force VEd is obtained from the shear force calculated from the analysis, V’Ed, in 

accordance with the following expression: 

 

(3)P  The additional dynamic axial forces developed in large walls due to uplifting from the soil, or due 

to the opening and closing of horizontal cracks, shall be taken into account in the ULS verification of the 

wall for flexure with axial force. 

(4)  Unless the results of a more precise calculation are available, the dynamic component of the wall 

axial force in (3)P of this subclause may be taken as being 50% of the axial force in the wall due to the 

gravity loads present in the seismic design situation. This force should be taken to have a plus or a minus 

sign, whichever is most unfavourable. 

Information Center for Standards, Metrology and Quality- 8 Hoang Quoc Viet Street, Cau Giay, Hanoi, Vietnam, Tel: 844 37562608. 



TCVN 9386-1:2012 
 

 103 

(5)    If the value of the behaviour factor q does not exceed 2,0, the effect of the dynamic axial force in 

(3) and (4) of this subclause may be neglected. 

5.4.3    ULS verifications and detailing 

5.4.3.1   Beams 

5.4.3.1.1  Resistance in bending and shear 

(1)       The bending and shear resistances should be computed  in accordance with EN 1992-1-1:2004. 

(2)       The top-reinforcement of the end cross-sections of primary seismic beams with a T- or L-shaped 

section should be placed mainly within the width of the web. Only part of this reinforcement may be 

placed outside the width of the web, but within the effective flange width beff. 

(3)       The effective flange width beff may be assumed to be as follows: 

a)        for primary seismic beams framing into exterior columns, the effective flange width beff is taken, 

in the absence of a transverse beam, as being equal to the width bc of the column (Figure 5.5b), or, if 

there is a transverse beam of similar depth, equal to this width increased by 2hf on each side of the beam 

(Figure 5.5a); 

b)        for primary seismic beams framing into interior columns the above widths may be increased by 

2hf on each side of the beam (Figure 5.5c and d). 
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5.4.3.1.2   Detailing for local ductility 

(1)P     The regions of a primary seismic beam up to a distance lcr =hw (where hw denotes the depth of 

the beam) from an end cross-section where the beam frames into a beam- column joint, as well as from 

both sides of any other cross-section liable to yield in the seismic design situation, shall be considered as 

being critical regions. 

(2)       In primary seismic beams supporting discontinued (cut-off) vertical elements, the regions up 

to a distance of 2hw on each side of the supported vertical element should be considered as being critical 

regions. 

(3)P     To  satisfy  the  local  ductility  requirement  in  the  critical  regions  of  primary seismic beams, 

the value of the curvature ductility factor μΦ shall be at least equal to the value given in 5.2.3.4(3). 

(4)       The requirement specified in (3)P of this subclause is deemed to be satisfied, if the following 

conditions are met at both flanges of the beam. 

a) at the compression zone reinforcement of not less than half of the reinforcement provided at the 

tension zone is placed, in addition to any compression reinforcement needed for the ULS verification of 

the beam in the seismic design situation. 

b) The reinforcement ratio of the tension zone ρ does not exceed a value ρmax equal to: 
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with the reinforcement ratios of the tension zone and compression zone, ρ and ρ', both normalised to 

bd, where b is the width of the compression flange of the beam. If the tension zone includes a slab, 

the amount of slab reinforcement parallel to the  beam within the effective flange width defined in 

5.4.3.1.1(3) is included in ρ. 

(5)P     Along the entire length of a primary seismic beam, the reinforcement ratio of the tension zone, ρ, 

shall be not less than the following minimum value ρmin: 

 

6)P Within  the  critical  regions  of  primary  seismic  beams,  hoops  satisfying  the following 

conditions shall be provided: 

a)  The diameter dbw of the hoops (in millimetres) shall be not less than 6. 

b)  The spacing, s, of hoops (in millimetres) shall not exceed: 

s = min{hw/4; 24dbw; 225; 8dbL                  (5.13) 

where 

dbL  is the minimum longitudinal bar diameter (in millimetres); and 

hw     the beam depth (in millimetres). 

c)  The first hoop shall be placed not more than 50 mm from the beam end section (see Figure 5.6). 
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5.4.3.2   Columns 

5.4.3.2.1  Resistances 

(1)P     Flexural and shear resistance shall be computed in accordance with EN 1992-1- 1:2004, using the 

value of the axial force from the analysis in the seismic design situation. 

(2)       Biaxial bending may be taken into account in a simplified way by carrying out the verification 

separately in each direction, with the uniaxial moment of resistance reduced by 30%. 

(3)P     In primary seismic columns the value of the normalised axial force νd shall not exceed 0,65. 

5.4.3.2.2  Detailing of primary seismic columns for local ductility 

(1)P     The total longitudinal reinforcement ratio ρl shall  be not less than 0,01 and not more than 0,04. 

In symmetrical cross-sections symmetrical reinforcement should  be provided (ρ = ρ'). 

(2)P     At least one intermediate bar shall be provided between corner bars along each column side, to 

ensure the integrity of the beam-column joints. 

(3)P     The regions up to a distance lcr  from both end sections of a primary seismic column shall be 

considered as being critical regions. 

(4)       In the absence of more precise information, the length of the critical region lcr (in metres) may be 

computed from the following expression: 

 

where 

hc             is the largest cross-sectional dimension of the column (in metres); and 
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lcl             is the clear length of the column (in metres). 

(5)P  If lc/hc<3, the entire height of the primary seismic column shall be considered as being a critical 

region and shall be reinforced accordingly. 

(6)P  In the critical region at the base of primary seismic columns a value of the curvature ductility  

factor,  μφ,   should  be  provided,  at  least  equal  to  that  given  in 5.2.3.4(3). 

(7)P     If for the specified value of μφ a concrete strain larger than εcu2=0,0035 is needed anywhere in the 

cross-section, compensation for the loss of resistance due to spalling of the concrete shall be achieved by 

means of adequate confinement of the concrete core, on the basis of the properties of confined concrete 

in  EN 1992-1-1:2004, 3.1.9. 

(8) The requirements specified in (6)P and (7)P of this subclause are deemed to be satisfied if: 

 

where 

ωwd is the mechanical volumetric ratio of confining hoops within the critical regions 

 

μφ   is the required value of the curvature ductility factor; 

νd    is the normalised design axial force (νd = NEd/Acfcd);  

εsy,d        is the design value of tension steel strain at yield; 

hc is the gross cross-sectional depth (parallel to the horizontal direction in which the value of μφ    used in 

(6)P of this subclause applies); 

ho             is the depth of confined core (to the centreline of the hoops); 

bc             is the gross cross-sectional width; 

bo             is the width of confined core (to the centreline of the hoops); 

α        is the confinement effectiveness factor, equal to α=αnαs, with: 

a)        For rectangular cross-sections: 
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n is the total number of longitudinal bars laterally engaged by hoops or cross ties;and 

bi is the distance between consecutive engaged bars (see Figure 5.7; also for bo, ho, s). 

b) For circular cross-sections with circular hoops and diameter of confined core Do (to the centreline 

of hoops): 

 

c) For circular cross-sections with spiral hoops: 

 
 

(9)   A minimum value of ωwd  equal to 0,08 should be provided within the  critical region at the base of 

the primary seismic columns. 

(10)P   Within the critical regions of the primary seismic columns, hoops and cross-ties, of at least 6 mm 

in diameter, shall be provided at a spacing such that a minimum ductility is ensured and local buckling 
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of longitudinal bars is prevented. The hoop pattern shall be such that the cross-section benefits from the 

triaxial stress conditions produced by the hoops. 

(11)     The minimum conditions of (10)P of this subclause are deemed to be satisfied if the following 

conditions are met. 

a) The spacing, s, of the hoops (in millimetres) does not exceed: 

s = min{bo/2; 175; 8dbL}                                                                                            (5.18) 

where 

bo (in millimetres) is the minimum dimension of the concrete core (to the centreline of the hoops);  

dbL          is the minimum diameter of the longitudinal bars (in millimetres). 

b) The distance between consecutive longitudinal bars engaged by hoops or cross-ties does not exceed 

200 mm, taking into account EN 1992-1-1:2004, 9.5.3(6). 

(12)P   The transverse reinforcement within the critical region at the base of the primary seismic 

columns may be determined as specified in EN 1992-1-1:2004, provided that the value of the normalised 

axial load in the seismic design situation is less than 0,2 and the value of the behaviour factor q used in 

the design does not exceed 2,0. 

5.4.3.3   Beam-column joints 

(1)       The horizontal confinement reinforcement in joints of primary seismic beams with columns 

should be not less than that specified in 5.4.3.2.2(8)-(11) for the critical regions of columns, with the 

exception of the case listed in the following paragraph. 

(2)       If beams frame into all four sides of the joint and their width is at least three- quarters of the 

parallel cross-sectional dimension of the column, the spacing of the horizontal confinement 

reinforcement in the joint may be increased to twice that specified in (1) of this subclause, but may not 

exceed 150 mm. 

(3)P     At least one intermediate (between column corner bars) vertical bar shall be provided at each side 

of a joint of primary seismic beams and columns. 

5.4.3.4   Ductile Walls 

5.4.3.4.1  Bending and shear resistance 

(1)P     Flexural and shear resistances shall be computed in accordance with EN 1992-1-1:2004, unless 

specified otherwise in the following paragraphs, using the value of the axial force resulting from the 

analysis in the seismic design situation. 
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(2)       In primary seismic walls the value of the normalised axial load νd  should  not exceed 0,4. 

(3)P     Vertical web reinforcement shall be taken into account in the calculation of the flexural 

resistance of wall sections. 

(4)      Composite wall sections consisting of connected or intersecting rectangular segments (L-, T-, U-, 

I- or similar sections) should be taken as integral units, consisting of a web or webs parallel or 

approximately parallel to the direction of the acting seismic shear force and a flange or flanges   normal 

or approximately normal to it. For the calculation of flexural resistance, the effective flange width on 

each side of a web should be taken to extend from the face of the web by the minimum of: 

a) the actual flange width; 

b) one-half of the distance to an adjacent web of the wall; and 

c) 25% of the total height of the wall above the level considered. 

5.4.3.4.2  Detailing for local ductility 

(1) The height of the critical region hcr above the base of the wall may be estimated as: 

 

where hs  is the clear storey height and where the base is defined as the level of the foundation or the top 

of basement storeys with rigid diaphragms and perimeter walls. 

(2)  At the critical regions of walls a value ∝⎞ of the curvature ductility factor should be provided, that is 

at least equal to that calculated from expressions (5.4),  (5.5) in 5.2.3.4(3) with the basic value of the 

behaviour factor qo in these expressions replaced by the product of qo  times the maximum value of the 

ratio MEd/MRd at the base of the wall in the seismic design situation, where MEd is the design bending 

moment from the analysis; and MRd is the design flexural resistance. 

(3)  Unless a more precise method is used, the value of ∝⎞  specified in (2) of this subclause may be 

supplied by means of confining reinforcement within edge regions of the cross-section, termed boundary 

elements, the extent of which  should be determined in accordance with (6) of this subclause. The 

amount of confining reinforcement should be determined in accordance with (4) and (5) of this 

subclause: 
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(4)     For walls of rectangular cross-section, the mechanical volumetric ratio of the required confining 

reinforcement ωwd in boundary elements should satisfy the following expression, with the -values of ∝⎞ 

as specified in (2) of this subclause: 

 

where the parameters are defined in 5.4.3.2.2(8), except ωv, which is the  mechanical ratio of vertical 

web reinforcement (ωv =ρϖ fyd,v/fcd). 

(5)   For  walls  with  barbells  or  flanges,  or  with  a  section  consisting  of  several rectangular parts 

(T-, L-, I-, U-shaped sections, etc.) the mechanical volumetric ratio of the confining reinforcement in the 

boundary elements may be determined as follows: 

a)  The axial force, NEd, and the total area of the vertical reinforcement in the web, Asv, shall be 

normalised to hcbcfcd, with the width of the barbell or flange in compression taken as the cross-sectional 

width bc (νd=NEd / hcbcfcd, ωv =(Asv/hcbc)fyd / fcd). The neutral axis depth xu  at ultimate curvature after 

spalling of the concrete outside the  confined core of the boundary elements may be estimated as: 

 

where bo is the width of the confined core in the barbell or flange. If the value of xu from expression 

(5.21) does not exceed the depth of the barbell or flange after spalling of the cover concrete, then the 

mechanical volumetric ratio of the confining reinforcement in the barbell or flange is determined as in 

(5.15) or a) of this subclause (i.e. from expression (5.20), 5.4.3.4.2(4)), with νd, ωv, bc and bo referring to 

the width of the barbell or flange. 

b)        If the value of xu exceeds the depth of the barbell or flange after spalling of the cover  concrete,  

the  general  method  may  be  followed,  which  is  based  on:   

-  the definition of the curvature ductility factor as μφ=φu /φy,  

-  the calculation of φu as εcu2,c / xu  and of φy  as εsy / (d - xy),  

- section equilibrium for the estimation of neutral axis depths xu and xy, and  

- the values of strength and ultimate strain of confined concrete, fck,c  and εcu2,c  given in EN 1992-1-

1:2004, 3.1.9 as a function of  the effective lateral confining stress.  

The required confining reinforcement, if needed, and the confined wall lengths should be calculated 

accordingly. 
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(6)       The confinement of (3)-(5) of this subclause should extend vertically over the height hcr of the 

critical region as defined in 5.4.3.4.2(1) and horizontally along a length lc  measured from the extreme 

compression fibre of the wall up to the point where unconfined concrete may spall due to large 

compressive strains. If more precise data is not available, the compressive strain at which spalling is 

expected may be taken as being equal to εcu2=0,0035. The confined boundary element may be limited to 

a distance of xu(1- εcu2/εcu2,c) from the hoop centreline near the extreme compression fibre, with the 

depth  of  the  confined  compression  zone  xu   at  ultimate  curvature  estimated  from equilibrium (cf. 

expression (5.21) for a constant width bo  of the confined compression zone) and the ultimate strain εcu2,c 

of confined concrete estimated on the basis of  EN 1992-1-1:2004, 3.1.9 as εcu2,c=0,0035+0,1αωwd 

(Figure 5.8). As a minimum, the length lc of the confined boundary element should not be taken as being 

smaller than 0,15lw  or 1,50.bw. 

 

 
 

(7)    No confined boundary element is required over wall flanges with thickness bf  ≥ hs/15  and  width  

lf  ≥  hs/5,  where  hs   denotes  the  clear  storey  height  (Figure  5.9). Nonetheless, confined boundary 

elements may be required at the ends of such flanges due to out-of-plane bending of the wall . 

(8)   The longitudinal reinforcement ratio in the boundary elements should be not less than 0,005. 

(9)   The provisions of 5.4.3.2.2(9) and (11) apply within the boundary elements of walls.  Overlapping  
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hoops  should  be  used,  so  that  every  other  longitudinal  bar  is engaged by a hoop or cross-tie. 

 

(10)     The thickness bw  of the confined parts of the wall section (boundary elements) should not be  less 

than 200 mm. Moreover, if the length of the confined part does not exceed  the  maximum  of  2bw  and  

0,2lw,  bw  should  not  be  less  than hs/15,  with hs denoting the storey height. If the length of the 

confined part exceeds the maximum of 2bw and 0,2lw bw should not be less than hs/10 (See Figure 5.10). 

 

(11)     In the height of the wall above the critical region only the relevant rules of EN 1992-1-1:2004 

regarding vertical, horizontal and transverse reinforcement apply. However, in those parts of the section 

Information Center for Standards, Metrology and Quality- 8 Hoang Quoc Viet Street, Cau Giay, Hanoi, Vietnam, Tel: 844 37562608. 



TCVN 9386-1:2012 

 114

where under the seismic design situation the compressive strain εc exceeds 0,002, a minimum vertical 

reinforcement ratio of 0,005 should be provided. 

(12)     The  transverse  reinforcement  of  the  boundary  elements  of  (4)-(10)  of  this subclause may 

be determined in accordance with EN 1992-1-1:2004 alone, if one of the following conditions is 

fulfilled: 

a) The value of the normalised design axial force ⎨d is not greater than 0,15; or, 

b) the value of νd is not greater than 0,20 and the q-factor used in the analysis is reduced by 15%. 

5.4.3.5   Large lightly reinforced walls 

5.4.3.5.1  Bending resistance 

(1)P     The ULS in bending with axial force shall be verified assuming horizontal cracking, in 

accordance with the relevant provisions of EN 1992-1-1:2004, including the plane sections assumption. 

(2)P     Normal  stresses  in  the  concrete  shall  be  limited,  to  prevent  out-of-plane instability of the 

wall. 

(3)       The requirement of (2)P of this subclause may be satisfied on the basis of the rules of EN 1992-

1-1:2004 for second-order effects, supplemented with other rules for the normal stresses in the concrete 

if necessary. 

(4)       When the dynamic axial force of 5.4.2.5(3)P and (4) is taken into account in the ULS verification 

for bending with axial force, the limiting strain ∑cu2  for  unconfined concrete may be increased to 0,005. 

A higher value may be taken into  account for confined concrete, in accordance with EN 1992-1-1:2004, 

3.1.9, provided that spalling of the unconfined concrete cover is accounted for in the verification. 

5.4.3.5.2  Shear resistance 

(1)       Due to the safety margin provided by the magnification of design shear forces in 5.4.2.5(1)P and 

(2) and because the response (including possible inclined cracking) is deformation-controlled, wherever 

the value of VEd from 5.4.2.5(2) is less than the design value of the shear resistance VRd,c  in EN 1992-1-

1:2004, 6.2.2, the minimum shear reinforcement ratio ρw,min in the web is not required. 

NOTE The value ascribed to ρw,min is recommended as the minimum value for walls in EN 1992-1-1:2004 . 

(2)       Wherever  the  condition  VEd≤VRd,c   is  not  fulfilled,  web  shear  reinforcement should be 

calculated in accordance with EN 1992-1-1:2004, on the basis of a variable inclination truss model, or a 

strut-and-tie model, whichever is most appropriate for the particular geometry of the wall. 

(3)       If a strut-and-tie model is used, the width of the strut should take into account the presence of 

openings and should not exceed 0,25lw or 4bwo, whichever is smaller. 
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(4)       The  ULS  against  sliding  shear  at  horizontal  construction  joints  should  be verified in 

accordance with EN 1992-1-1:2004, 6.2.5, with the anchorage length of clamping bars crossing the 

interface increased by 50% over that required by EN 1992-1- 1:2004. 

5.4.3.5.3  Detailing for local ductility 

(1)       Vertical bars necessary for the verification of the ULS in bending with axial force, or for the 

satisfaction of any minimum reinforcement provisions, should be engaged by a hoop or a cross-tie with a 

diameter of not less than 6 mm or one third of the vertical bar diameter, dbL. Hoops and cross-ties should 

be at a vertical spacing of not more than 100 mm or 8dbL, whichever is less. 

(2)       Vertical bars necessary for the verification of the ULS in bending with axial force and laterally 

restrained by hoops and cross-ties in accordance with (1) of this subclause should be concentrated in 

boundary elements at the ends of the cross-section. These elements should extend in the direction of the 

length lw of the wall over a length not less than bw or 3bwσcm/fcd, whichever is greater, where σcm is the 

mean value of the concrete stress in the compression zone in the ULS of bending with axial force.  The 

diameter of the vertical bars should not be less than 12 mm in the lower storey of the building, or in any 

storey where the length lw  of the wall is reduced over that of  the storey below by more than one-third of 

the storey height hs. In all other storeys the diameter of vertical bars should not be less than 10 mm. 

(3)       To avoid a change in the mode of behaviour from one controlled by flexure to another controlled 

by shear, the amount of vertical reinforcement placed in the wall section should not unnecessarily 

exceed the amount required for the verification of the ULS in flexure with axial load and for the integrity 

of concrete. 

(4)       Continuous steel ties, horizontal or vertical, should be provided: (a) along all intersections of 

walls or connections with flanges; (b) at all floor levels; and (c) around openings in the wall. As a 

minimum, these ties should satisfy EN 1992-1-1:2004, 9.10. 

5.5    Design for DCH 

5.5.1    Geometrical constraints and materials 

5.5.1.1   Material requirements 

(1)P A  concrete  class  lower  than  C20/25  shall  not  be  used  in  primary  seismic elements. 

(2)P     The requirement specified in paragraph 5.4.1.1(2)P applies to this subclause. 

(3)P     In critical regions of primary seismic elements, reinforcing steel of class C in Table C.1 of EN 

1992-1-1:2004 shall be used. Moreover, the upper characteristic (95%- fractile) value of the actual yield 

strength, fyk,0,95, shall not exceed the nominal value by more than 25%. 
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5.5.1.2   Geometrical constraints 

5.5.1.2.1  Beams 

(1)P     The width of primary seismic beams shall  be not less than 200 mm. 

(2)P The width to height ratio of the web of primary seismic beams shall satisfy expression (5.40b) of 

EN 1992-1-1:2004. 

(3)P Paragraph 5.4.1.2.1(1)P applies.  

(4) Paragraph 5.4.1.2.1(2) applies.  

(5)P Paragraph 5.4.1.2.1(3)P applies. 

5.5.1.2.2  Columns 

(1)P The minimum cross-sectional dimension of primary seismic columns shall be not less than 250 

mm. 

(2)       Paragraph 5.4.1.2.2(1) applies. 

5.5.1.2.3  Ductile Walls 

(1)P   The provisions cover single primary seismic walls, as well as individual components of coupled 

primary seismic walls, under in-plane action effects, with full embedment and anchorage at their base in 

adequate basements or foundations, so that the wall is not allowed to rock. In this respect, walls 

supported by slabs or beams are not permitted (see also 5.4.1.2.5). 

(2)   Paragraph 5.4.1.2.3(1) applies. 

(3)  Additional requirements apply with respect to the thickness of the confined boundary elements of 

primary seismic walls, as specified in 5.5.3.4.5(8) and (9). 

(4)  Random openings, not regularly arranged to form coupled walls, should be avoided in primary 

seismic walls, unless their influence is either insignificant or accounted for in analysis, dimensioning and 

detailing. 

5.5.1.2.4  Specific rules for beams supporting discontinued vertical elements 

(1)P Paragraph 5.4.1.2.5(1)P applies.  

(2)P Paragraph 5.4.1.2.5(2)P applies. 

5.5.2    Design action effects 

5.5.2.1   Beams 

(1)P Paragraph 5.4.2.1(1)P applies for the design values of bending moments and axial forces. 
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(2)P     Paragraph 5.4.2.2(1)P applies. 

(3)       Paragraph 5.4.2.2(2) applies with a value γRd = 1,2 in expression (5.8). 

5.5.2.2   Columns 

(1)       Paragraph 5.4.2.1(1)P (which refers also to the capacity design requirements in 5.2.3.3(2)) 

applies for the design values of bending moments and axial forces.  

(2)P Paragraph 5.4.2.3(1)P applies. 

(3)       Paragraph 5.4.2.3(2) applies with a value γRd = 1,3 in expression (5.9). 

(4)       Paragraph 5.4.2.3(3) applies. 

5.5.2.3   Beam-column joints 

(1)P The horizontal shear acting on the core of a joint between primary seismic beams and columns shall 

be determined taking into account the most adverse conditions under seismic actions, i.e. capacity design 

conditions for the beams framing into the joint and the lowest compatible values of shear forces in the 

other framing elements. 

(2)   Simplified expressions for the horizontal shear force acting on the concrete core of the joints may 

be used as follows: 

a) for interior beam-column joints: 

 

b) for exterior beam-column joints: 

 

where 

As1  is the area of the beam top reinforcement; 

As2 is the area of the beam bottom reinforcement; 

VC  is the shear force in the column above the joint, from the analysis in the seismic design situation; 

γRd  is a factor to account for overstrength due to steel strain-hardening and should be not less than 1,2. 

(3)       The shear forces acting on the joints shall correspond to the most adverse sense of the seismic 

action influencing the values As1, As2 and VC  to be used in expressions (5.22) and (5.23). 
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5.5.2.4 Ductile Walls 

5.5.2.4.1  Special provisions for in-plane slender walls 

(1)P Paragraph 5.4.2.4(1)P applies.  

(2) Paragraph 5.4.2.4(2) applies. 

 (3) Paragraph 5.4.2.4(3) applies. 

(4)P Paragraph 5.4.2.4(4)P applies.  

(5) Paragraph 5.4.2.4(5) applies.  

(6)P Paragraph 5.4.2.4(6)P applies. 

(7) The requirement of (6)P is deemed to be satisfied if the following simplified procedure is 

applied, incorporating the capacity design rule: 

The design shear forces VEd should be derived in accordance with the expression: 

 

where 

V’Ed  is the shear force from the analysis; 

ε  is the magnification factor, calculated from expression (5.25), but not less than 1,5: 

 

 

where 

q          is the behaviour factor used in the design; 

MEd        is the design bending moment at the base of the wall; 

MRd        is the design flexural resistance at the base of the wall; 

γRd is the factor to account for overstrength due to steel strain-hardening; in the absence of more 

precise data, γRd may be taken equal to 1,2; 

T1 is the fundamental period of vibration of the building in the direction of shear forces VEd; 

TC is the upper limit period of the constant spectral acceleration region of the spectrum (see 3.2.2); 
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Se(T) is the ordinate of the elastic response spectrum (see 3.2.2).  

(8) The provisions of 5.4.2.4(8) apply to slender walls of DCH. 

5.5.2.4.2  Special provisions for squat walls 

(1)P     In primary seismic walls with a height to length ratio, hw/lw, not greater than 2,0, there is no need 

to modify the bending moments from the analysis. Shear magnification due to dynamic effects may also 

be neglected. 

(2)       The shear force V'Ed from the analysis should be increased as follows:  

 

(see 5.5.2.4.1(7) for definitions and values of the variables). 

5.5.3 ULS verifications and detailing 

5.5.3.1 Beams 

5.5.3.1.1  Resistance in bending 

(1)P The  bending  resistance  shall  be  computed  in  accordance  with  EN  1992-1- 1:2004. 

(2) Paragraph 5.4.3.1.1(2) applies.  

(3) Paragraph 5.4.3.1.1(3) applies. 

5.5.3.1.2  Shear resistance 

(1)P   The shear resistance computations and verifications shall be carried out in accordance with EN 

1992-1-1:2004, unless specified otherwise in the following paragraphs. 

(2)P     In the critical regions of primary seismic beams, the strut inclination ⎝ in  the truss model shall be 

45o. 

(3)       With regard to the arrangement of shear reinforcement within the critical region at  an  end  of  a  

primary  seismic  beam  where  the  beam  frames  into  a  column,  the following cases should be 

distinguished, depending on the algebraic value of the ratio ζ = VEd,min/VEd,max between the minimum and 

maximum acting shear forces, as derived in accordance with 5.5.2.1(3). 

a) If ζ ≥ -0,5, the shear resistance provided by the reinforcement should be computed in accordance with 

EN 1992-1-1:2004. 

b) If ζ <-0,5, i.e. when an almost full reversal of shear forces is expected, then: 
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where fctd  is the design value of the concrete tensile strength from EN 1992-1-1:2004, the same rule as in 

a) of this paragraph applies. 

ii) if |VE|max exceeds the limit value in expression (5.27), inclined reinforcement should be provided in 

two directions, either at ±45o to the beam axis or along the two diagonals of the beam in elevation, and 

half of |VE|max  should be resisted by stirrups and half by inclined reinforcement; 

In such a case, the verification is carried out by means of the condition: 

 

where 

As is the area of the inclined reinforcement in one direction, crossing the potential sliding plane (i.e. 

the beam end section); 

α         is the angle between the inclined reinforcement and the beam axis (normally α = 45o, or tgα ≈ (d-

d’)/lb). 

5.5.3.1.3  Detailing for local ductility 

(1)P     The regions of a primary seismic beam up to a distance lcr=1.5hw    (where hw denotes the height 

of the beam) from an end cross-section where the beam frames into a beam-column joint, as well as 

from both sides of any other cross-section likely to yield in the seismic design situation, shall be 

considered critical regions. 

(2) Paragraph 5.4.3.1.2(2) applies.  

(3)P Paragraph 5.4.3.1.2(3)P applies. 

(4)       Paragraph 5.4.3.1.2(4) applies. 

(5)P To satisfy the necessary ductility conditions, the following conditions shall be satisfied along the 

entire length of a primary seismic beam: 

a) paragraph 5.4.3.1.2(5)P shall be satisfied 

b) at least two high bond bars with db = 14 mm shall be provided both at the top and the bottom of the 

beam that run along the entire length of the beam; 

c) one quarter of the maximum top reinforcement at the supports shall run along the entire beam length. 

(6)P     5.4.3.1.2(6)P applies with expression (5.13) replaced by the following: 
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s = min{hw/4; 24dbw; 175; 6dbL}.                                                                                 (5.29) 

5.5.3.2   Columns 

5.5.3.2.1  Resistances 

(1)P Paragraph 5.4.3.2.1(1)P applies.  

(2) Paragraph 5.4.3.2.1(2) applies. 

(3)P In primary seismic columns the value of the normalised axial force νd shall not exceed 0,55. 

5.5.3.2.2  Detailing for local ductility  

(1)P     Paragraph 5.4.3.2.2(1)P applies.  

(2)P     Paragraph 5.4.3.2.2(2)P applies.  

(3)P     Paragraph 5.4.3.2.2(3)P applies. 

(4)       In the absence of more precise information, the length of the critical region lcr may be computed 

as follows (in metres): 

lcr = max{1,5hc ; lcl / 6; 0,6} 

where 

hc is the largest cross-sectional dimension of the column (in metres); and 

lcl is its clear length (in metres).  

(5)P Paragraph 5.4.3.2.2(5)P applies. 

(6)P Paragraph 5.4.3.2.2(6)P applies. 

(7) The detailing of critical regions above the base of the column should be based on a minimum 

value of the curvature ductility factor μφ  (see 5.2.3.4) obtained  from 5.2.3.4(3). Wherever a column is 

protected against plastic hinging by the capacity design procedure of 4.4.2.3(4) (i.e. where expression 

(4.29) is satisfied), the value qo in expressions (5.4) and (5.5) may be substituted by 2/3 of the value of qo  

applying in a direction parallel to the cross-sectional depth hc of the column. 

(8)P     Paragraph 5.4.3.2.2(7)P applies. 

(9) The requirements of (6)P, (7) and (8)P of this subclause are deemed to be satisfied, if 5.4.3.2.2(8) is 

satisfied with the values of μφ specified in (6)P and (7) of this subclause. 

(10)      The minimum value of ωwd to be provided is 0,12 within the critical region at the base of the 

column, or 0,08 in all column critical regions above the base. 
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(11)P   Paragraph 5.4.3.2.2(10)P applies. 

(12)     The minimal conditions of (11)P of this subclause are deemed to be satisfied if all of the 

following requirements are met. 

a) The diameter dbw of the hoops is at least equal to 

 

b) The spacing s of hoops (in millimetres) does not exceed: 

 

where 

bo (in millimetres) is the minimum dimension of the concrete core (to the inside of the hoops); and 

dbL          is the minimum diameter of the longitudinal bars (in millimetres). 

c) The distance between consecutive longitudinal bars restrained by hoops or cross-ties does not exceed 

150 mm. 

(13)P   In the lower two storeys of buildings, hoops in accordance with (11)P and (12) of this subclause 

shall be provided beyond the critical regions for an additional length equal to half the length of these 

regions. 

(14)     The amount of longitudinal reinforcement provided at the base of the bottom storey column (i.e. 

where the column is connected to the foundation) should be not less than that provided at the top of the 

storey. 

5.5.3.3   Beam-column joints 

(1)P     The diagonal compression induced in the joint by the diagonal strut mechanism shall not exceed 

the compressive strength of concrete in the presence of transverse tensile strains. 

(2) In the absence of a more precise model, the requirement of (1)P of this subclause may be 

satisfied by means of the subsequent rules. 

a) At interior beam-column joints the following expression should be satisfied where: 

 

η = 0,6(1-fck/250); 
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hjc is the distance between extreme layers of column reinforcement; 

bj is as defined in expression (5.34); 

νd is the normalised axial force in the column above the joint; and 

fck is given in MPa. 

b) At exterior beam-column joints: 

Vjhd  should be less than 80% of the value given by the right-hand-side of expression (5.33) where: 

Vjhd is given by expressions (5.22) and (5.23) respectively; 

and the effective joint width bj is: 

a) if bc > bw: bj = min {bc ; (bw  + 0,5 ⊕ hc )}; (5.34a) 

 

(3)       Adequate  confinement  (both  horizontal  and  vertical)  of  the  joint  should  be provided, to 

limit the maximum diagonal tensile stress of concrete max σct to fctd. In the absence  of  a  more  precise  

model,  this  requirement  may  be  satisfied  by  providing horizontal hoops with a diameter of not less 

than 6 mm within the joint, such that: 

 

where 

Ash is the total area of the horizontal hoops; 

Vjhd is as defined in expressions (5.23) and (5.24); 

hjw is the distance between the top and the bottom reinforcement of the beam; 

hjc is the distance between extreme layers of column reinforcement; 

bj is as defined in expression (5.34); 

νd is the normalised design axial force of the column above (νd =NEd/Acfcd); 

fctd           is the design value of the tensile strength of concrete, in accordance with EN 1992-1-1:2004. 

Information Center for Standards, Metrology and Quality- 8 Hoang Quoc Viet Street, Cau Giay, Hanoi, Vietnam, Tel: 844 37562608. 



TCVN 9386-1:2012 

 124

(4)       As an alternative to the rule specified in (3) of this subclause, integrity of the joint after diagonal 

cracking may be ensured by horizontal hoop reinforcement. To this end the following total area of 

horizontal hoops should be provided in the joint. 

a) In interior joints: 

 

b) In exterior joints: 

 

where γRd is equal to 1,2 (cf 5.5.2.3(2)) and the normalised axial force νd refers to the column above the 

joint in expression (5.36a), or to the column below the joint  in expression (5.36b). 

(5)       The horizontal hoops calculated as in (3) and (4) of this subclause should be uniformly 

distributed within the depth hjw between the top and bottom bars of the beam. In exterior joints they 

should enclose the ends of beam bars bent toward the joint. 

(6)       Adequate vertical reinforcement of the column passing through the joint should be provided, so 

that: 

 

where Ash is the required total area of the horizontal hoops in accordance with (3) and (4) of this 

subclause and Asv,i denotes the total area of the intermediate bars placed in the relevant column faces 

between corner bars of the column (including bars contributing to the longitudinal reinforcement of 

columns). 

(7)       5.4.3.3(1) applies.  

(8)       5.4.3.3(2) applies.  

(9)P     5.4.3.3(3)P applies. 

5.5.3.4   Ductile Walls 

5.5.3.4.1  Bending resistance 

(1)P The bending resistance shall be evaluated and verified as for columns, under the most 

unfavourable axial force for the seismic design situation. 

(2) In primary seismic walls the value of the normalised axial force νd should not exceed 0,35. 
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5.5.3.4.2  Diagonal compression failure of the web due to shear 

(1)       The value of VRd,max may be calculated as follows: 

a) outside the critical region: 

as in EN 1992-1-1:2004, with the length of the internal lever arm, z, equal to 0,8lw and the inclination of 

the compression strut to the vertical, tgθ, equal to 1,0. 

 

b) in the critical region: 

40% of the value outside the critical region. 

5.5.3.4.3  Diagonal tension failure of the web due to shear 

(1)P     The calculation of web reinforcement for the ULS verification in shear shall take into account the 

value of the shear ratio αs = MEd/(VEd lw). The maximum value of αs  in a storey should be used for the 

ULS verification of the storey in shear. 

(2) If the ratio αs > 2,0, the provisions of in EN 1992-1-1:2004 6.2.3(1)-(7) apply, with the values of 

z and tgθ taken as in 5.5.3.4.2(1) a). 

(3)       If αs < 2,0 the following provisions apply: 

a) the horizontal web bars should satisfy the following expression (see EN 1992-1- 1:2004, 6.2.3(8)): 

VEd ≤ VRd,c + 0,75ρ h f yd,h bwo αs l w                        (5.38) 

where 

ρh is the reinforcement ratio of horizontal web bars ρh=A0/(bwo x sh)); 

fyd,h is the design value of the yield strength of the horizontal web reinforcement; 

VRd,c is  the  design  value  of  the  shear  resistance  for  members  without  shear reinforcement, in 

accordance to EN 1992-1-1:2004, 

In the critical region of the wall VRd,c  should be equal to 0 if the axial force NEd  is tensile. 

b) Vertical web bars, anchored and spliced along the height of the wall in accordance with EN 1992-1-

1:2004, should be provided to satisfy the condition: 

 

where 
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ρv is the reinforcement ratio of vertical web bars (ρv=Av/bwo.sv); 

fyd, v is the design value of the yield strength of the vertical web reinforcement; 

and where the axial force NEd is positive when compressive. 

(4) Horizontal web bars should be fully anchored at the ends of the wall section, e.g. through 90o or 

135o hooks. 

(5)       Horizontal web bars in the form of elongated closed or fully anchored stirrups may also be 

assumed to fully contribute to the confinement of the boundary elements of the wall. 

5.5.3.4.4  Sliding shear failure 

(1)P     At potential sliding shear planes (for example, at construction joints) within critical regions the 

following condition shall be satisfied: 

VEd < VRd, S 

where VRd,S is the design value of the shear resistance against sliding. 

(2) The value of VRd,S may be as follows: 

 

where 

Vd   is the dowel resistance of the vertical bars; 

Vid is the shear resistance of inclined bars (at an angle ϕ to the potential  sliding plane, e.g. construction 

joint); 

Vfd is the friction resistance; 

μf is the concrete-to-concrete friction coefficient under cyclic actions, which may be   assumed equal to 

0,6 for smooth interfaces and to 0,7 for rough ones, as defined in  EN 1992-1-1:2004, 6.2.5(2); 

z is the length of the internal lever arm; 

Information Center for Standards, Metrology and Quality- 8 Hoang Quoc Viet Street, Cau Giay, Hanoi, Vietnam, Tel: 844 37562608. 



TCVN 9386-1:2012 
 

 127 

ξ  is the normalised neutral axis depth; 

∑Asj        is the sum of the areas of the vertical bars of the web and of additional  bars arranged in the 

boundary elements specifically for resistance against sliding; 

∑Asi        is the sum of the areas of all inclined bars in both directions; large diameter bars are 

recommended for this purpose; 

η = 0,6 (1-fck/250) (5.44) 

NEd is assumed to be positive when compressive. 

 fck is calculated as MPa 

(3)       For squat walls the following should be satisfied :  

a) at the base of the wall Vid should be greater than VEd/2;  

b) at higher levels Vid should be greater than VEd/4. 

(4)       Inclined  bars  should  be  fully  anchored  on  both  sides  of  potential  sliding interfaces and 

should cross all sections of the wall within a distance of 0,5lw or 0,5hw, whichever is smaller, above the 

critical base section. 

(5)       Inclined bars lead to an increase of the bending resistance at the base of the wall, which should be 

taken into account whenever the acting shear VEd  is computed in accordance with the capacity design 

rule (see 5.5.2.4.1(6)P and (7) and 5.5.2.4.2(2)). Two alternative methods may be used. 

a) The increase of bending resistance ΔMRd, to be used in the calculation of VEd, may be estimated as: 

 

where 

li is the distance between centrelines of the two sets of inclined bars, placed at an angle of ±ϕ to 

the potential sliding plane, measured at the base section; and the other symbols are  as in expression 

(5.42). 

b) An acting shear VEd may be computed disregarding the effect of the inclined bars. In expression (5.42) 

Vid is the net shear resistance of the inclined bars (i.e. the actual shear resistance reduced by the increase 

of the acting shear). Such net shear resistance of the inclined bars against sliding may be estimated as: 
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5.5.3.4.5  Detailing for local ductility 

 

 

 

 

(1) Paragraph 5.4.3.4.2(1) applies. 
 

(2) 
 

Paragraph 5.4.3.4.2(2) applies. 
 

(3) 
 

Paragraph 5.4.3.4.2(3) applies. 
 

(4) 
 

Paragraph 5.4.3.4.2(4) applies. 
 

(5) 
 

Paragraph 5.4.3.4.2(5) applies. 
 

(6) 
 

Paragraph 5.4.3.4.2(6) applies. 
 

(7) 
 

Paragraph 5.4.3.4.2(8) applies. 
 

(8) 
 

Paragraph 5.4.3.4.2(10) applies. 

(9)       If the wall is connected to a flange with thickness bf  > hs/15 and width lf  > hs/5 (where hs denotes 

the clear storey height), and the confined boundary element needs to extend beyond the flange into the 

web for an additional length of up to 3bwo, then the thickness bw  of the boundary element in the web 

should only follow the provisions in 5.4.1.2.3(1) for bwo (Figure 5.11). 

 

 

(10)     Within   the   boundary   elements   of   walls   the   requirements   specified   in 5.5.3.2.2(12) 
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apply and there should be a minimum value of ωwd of 0,12. Overlapping hoops should be used, so that 

every other longitudinal bar is engaged  by a hoop or cross-tie. 

(11)     Above the critical region boundary elements should be provided for one more storey, with at 

least half the confining reinforcement required in the critical region. 

(12)     5.4.3.4.2(11) applies. 

(13)P Premature web shear cracking of walls shall be prevented, by providing a minimum amount of 

web reinforcement:ρh,min = ρv,min = 0,002. 

(14)     The web reinforcement should be provided in the form of two grids (curtains) of bars with the 

same bond characteristics, one at each face of the wall. The grids should be connected through cross-ties 

spaced at about 500 mm. 

(15)     Web reinforcement should have a diameter of not less than 8 mm, but not greater than one-eighth 

of the width bwo of the web. It should be spaced at not more than 250 mm or 25 times the bar diameter, 

whichever is smaller. 

(16)     To counterbalance the unfavourable effects of cracking along cold joints and the associated 

uncertainties, a minimum amount of fully anchored vertical reinforcement should be provided across 

such joints. The minimum ratio of this reinforcement, ρmin, necessary to re-establish the resistance of 

uncracked concrete against shear, is: 

 

where Aw is the total horizontal cross-sectional area of the wall and NEd shall be positive when 

compressive. 

5.5.3.5 Coupling elements of coupled walls 

(1)P Coupling of walls by means of slabs shall not be taken into account, as it is not effective. 

(2) The provisions of 5.5.3.1 may only be applied to coupling beams, if either one of the following 

conditions is fulfilled: 

a) Cracking in both diagonal directions is unlikely. An acceptable application rule is: 

VEd ≤ fctd bwd                   (5.48) 

b) A prevailing flexural mode of failure is ensured. An acceptable application rule is: l/h > 3. 
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(3)       If neither of the conditions in (2) is met, the resistance to seismic actions should be provided by 

reinforcement arranged along both diagonals of the beam, in accordance with the following (see Figure 

5.12): 

a) It should be ensured that the following expression is satisfied: 

VEd  ≤ 2  Asi   f yd  sin α                         (5.49) 

where 

VEd         is the design shear force in the coupling element (VEd = 2MEd/l); 

Asi           is the total area of steel bars in each diagonal direction; 

α        is the angle between the diagonal bars and the axis of the beam. 

b) The diagonal reinforcement should be arranged in column-like elements with side lengths at least 

equal to 0,5bw; its anchorage length  should be 50% greater than that required by EN 1992-1-1:2004. 

c) Hoops should be provided around these column-like elements to prevent buckling of the longitudinal 

bars. The provisions of 5.5.3.2.2(12) apply for the hoops.. 

d) Longitudinal and transverse reinforcement  should be provided  on both lateral faces of the beam, 

meeting the minimum requirements specified in EN 1992-1-1:2004 for deep beams. The longitudinal 

reinforcement should not be anchored in the coupled walls and should only extend into them by 150 

mm. 

 

5.6    Provisions for anchorages and splices 

5.6.1    General 

(1)P EN 1992-1-1:2004, Section 8 for the detailing of reinforcement applies, with the additional rules 

of the following sub-clauses. 

(2)P For hoops used as transverse reinforcement in beams, columns or walls, closed stirrups with 135° 
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hooks and extensions of length 10dbw shall be used. 

(3)P     In DCH structures the anchorage length of beam or column bars anchored within beam-column 

joints shall be measured from a point on the bar at a distance 5dbL inside the face of the joint, to take into 

account the yield penetration due to cyclic post-elastic deformations (for a beam example, see Figure 

5.13a). 

5.6.2    Anchorage of reinforcement 

5.6.2.1   Columns 

(1)P     When calculating the anchorage or lap length of column bars which contribute to the flexural 

strength of elements in critical regions, the ratio of the required area of reinforcement over the actual  

area of reinforcement As,req/As,prov shall be assumed to be 1. 

(2)P If, under the seismic design situation, the axial force in a column is tensile, the anchorage lengths 

shall be increased to 50% longer than those specified in EN 1992-1- 1:2004. 

5.6.2.2   Beams 

(1)P The part of beam longitudinal reinforcement bent in joints for anchorage shall always be placed 

inside the corresponding column hoops. 

(2)P To prevent bond failure the diameter of beam longitudinal bars passing through beam-column 

joints, dbL, shall be limited in accordance with the following expressions: 

a) for interior beam-column joints: 

 

b) for exterior beam-column joints 

 

where 

hc             is the width of the column parallel to the bars; 

fctm          is the mean value of the tensile strength of concrete; 

fyd            is the design value of the yield strength of steel; 

νd            is the normalised design axial force in the column, taken with its minimum value for the seismic 
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design situation (νd = NEd/fcd·Ac); 

kD            is the factor reflecting the ductility class equal to 1 for DCH and to 2/3 for DCM; 

 

ρ'        is the compression steel ratio of the beam bars passing through the joint; 

ρmax       is the maximum allowed tension steel ratio (see 5.4.3.1.2(4) and 5.5.3.1.3(4));  

γRd          is the model uncertainty factor on the design value of resistances, taken as being equal to 1,2 or 

1,0 respectively for DCH or DCM (due to overstrength owing to strain-hardening of the longitudinal 

steel in the beam). 

The limitations above (expressions (5.50)) do not apply to diagonal bars crossing joints. 

(3)       If the requirement specified in (2)P of this clause cannot be satisfied in exterior beam-column 

joints because   the depth, hc,  of the column parallel to the bars is too shallow, the following additional 

measures may be taken, to ensure anchorage of the longitudinal reinforcement of beams. 

a) The beam or slab may be extended horizontally in the form of exterior stubs (see Figure 5.13a). 

b) Headed bars or anchorage plates welded to the end of the bars may be used (see Figure 5.13b). 

c) Bends with a minimum length of 10dbL  and transverse reinforcement placed tightly inside the bend of 

the bars may be added (see Figure 5.13c). 

(4)P     Top  or  bottom  bars  passing  through  interior  joints,  shall  terminate  in  the members framing 

into the joint at a distance not less than lcr  (length of the member critical region, see 5.4.3.1.2(1)P and 

5.5.3.1.3(1)P) from the face of the joint. 
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5.6.3    Splicing of bars 

(1)P     There shall be no lap-splicing by welding within the critical regions of structural elements. 

(2)P     There may be splicing by mechanical couplers in columns and walls, if these devices are  

covered  by  appropriate  testing  under  conditions  compatible  with  the selected ductility class. 

(3)P    The transverse reinforcement to be provided within the lap length shall be calculated  in   

accordance   with   EN   1992-1-1:2004.   In   addition,   the   following requirements shall also be met. 

a)  If  the  anchored  and  the  continuing  bar  are  arranged  in  a  plane  parallel  to  the transverse 

reinforcement, the sum of the areas of all spliced bars, ∑AsL, shall be used in the calculation of the 

transverse reinforcement. 

b) If the anchored and the continuing bar are arranged within a plane normal to the transverse 

reinforcement, the area of transverse reinforcement shall be calculated on the basis of the area of the 

larger lapped longitudinal bar, AsL; 

c) The spacing, s, of the transverse reinforcement in the lap zone (in millimetres) shall not exceed: 

s= min {h/4;100}                    (5.51) 

where h is the minimum cross-sectional dimension (in millimetres). 

(4) The required area of transverse reinforcement Ast  within the lap zone of the longitudinal 

reinforcement of columns spliced at the same location (as defined in EN 1992-1-1:2004), or of the 

Information Center for Standards, Metrology and Quality- 8 Hoang Quoc Viet Street, Cau Giay, Hanoi, Vietnam, Tel: 844 37562608. 



TCVN 9386-1:2012 

 134

longitudinal reinforcement of boundary elements in walls, may be calculated from the following 

expression: 

 

where 

Ast           is the area of one leg of the transverse reinforcement; 

dbL          is the diameter of the spliced bar; 

s          is the spacing of the transverse reinforcement; 

fyld           is the design value of the yield strength of the longitudinal reinforcement; 

fywd         is the design value of the yield strength of the transverse reinforcement. 

5.7    Design and detailing of secondary seismic elements 

(1)P     Clause 5.7 applies to elements designated as secondary seismic elements, which are subjected to 

significant deformations in the seismic design situation (e.g. slab ribs are not subject to the requirements 

of 5.7). Such elements shall be designed and detailed to maintain their capacity to support the gravity 

loads present in the seismic design situation, when subjected to the maximum deformations under the 

seismic design situation. 

(2)P     Maximum deformations due to the seismic design situation shall be calculated in accordance 

with 4.3.4 and shall account for P-Δ effects in accordance with 4.4.2.2(2) and (3). They shall be 

calculated from an analysis of the structure  in the seismic design situation, in which the contribution of 

secondary seismic elements to lateral stiffness is neglected and primary seismic elements are modelled 

with their  cracked flexural and shear stiffness. 

(3)       Secondary seismic elements are deemed to satisfy the requirements of (1)P of this subclause if 

bending moments and shear forces calculated for them on the basis of: a) the deformations of (2)P of this 

subclause; and b) their cracked flexural and shear stiffness, do not exceed their design flexural and shear 

resistance MRd and VRd, respectively, as these are determined on the basis of EN 1992-1-1:2004. 

5.8    Concrete foundation elements 

5.8.1    Scope 

(1)P     The following paragraphs apply for the design of concrete foundation elements, such as footings, 

tie-beams, foundation beams, foundation slabs, foundation walls, pile caps and piles, as well as for 

connections  between such elements, or between them and vertical concrete elements. The design of 

these elements shall follow the rules of EN 1998-5:2004, 5.4. 
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(2)P     If design action effects for the design of foundation elements of dissipative structures are derived 

on the basis of capacity design considerations in accordance with 4.4.2.6(2)P, no energy dissipation is 

expected in these elements in the seismic design situation. The design of these elements may follow the 

rules of 5.3.2(1)P. 

(3)P     If design action effects for foundation elements of dissipative structures are derived on the basis 

of the analysis for the seismic design situation without the capacity design  considerations  of 

4.4.2.6(2)P,  the  design  of these elements  shall  follow  the corresponding rules for elements of the 

superstructure for the selected ductility class. For tie-beams and foundation beams the design shear 

forces need to be derived on the basis of capacity design considerations, in accordance with 5.4.2.2 in 

DCM buildings, or to 5.5.2.1(2)P, 5.5.2.1(3) in DCH buildings. 

(4)       If design action effects for foundation elements have been derived using a value of the behaviour 

factor q that is less than or equal to the upper limit of q for low dissipative behaviour (1,5 in concrete 

buildings, or between 1,5 and 2,0 in steel or composite steel-concrete buildings, in accordance with Note 

1 of Table 6.1 or Note 1 of Table 7.1, respectively), the design of these elements may follow the rules of 

5.3.2(1)P (see also 4.4.2.6(3)). 

(5) In box-type basements of dissipative structures, comprising: a) a concrete slab acting as a rigid 

diaphragm at basement roof level; b) a foundation slab or a grillage of tie-beams or foundation beams at 

foundation level, and c) peripheral and/or interior foundation walls, designed in accordance with (2)P of 

this subclause, the columns and beams (including those at the basement roof) are expected to remain 

elastic under the seismic design situation and may be designed in accordance with 5.3.2(1)P. Shear walls 

should be designed for plastic hinge development at the level of the basement roof slab. To this end, in 

walls which continue with the same cross-section above the basement roof, the critical region should be 

taken to extend below the basement roof level up to a depth of hcr  (see 5.4.3.4.2(1) and 5.5.3.4.5(1)). 

Moreover, the full free height of such walls within the basement should be dimensioned in shear 

assuming that the wall develops its flexural overstrength γRd.MRd (with γRd=1,1 for DCM and γRd=1,2 for 

DCH) at the basement roof level and zero moment at the foundation level. 

5.8.2    Tie-beams and foundation beams 

(1)P     Stub columns between the top of a footing or pile cap and the soffit of tie-beams or foundation 

slabs shall be avoided. To this end, the soffit of tie-beams or foundation slabs shall be below the top of 

the footing or the pile cap. 

(2)       Axial forces in tie-beams or tie-zones of foundation slabs in accordance with 5.4.1.2(6) and (7) of 

EN 1998-5, should be taken in the verification to act together with the action effects derived in 

accordance with 4.4.2.6(2)P or 4.4.2.6(3) for the seismic design situation, taking into account second-
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order effects. 

(3)       Tie-beams and foundation beams should have a cross-sectional width of at least bw,min and a 

cross-sectional depth of at least hw,min . 

NOTE The values ascribed to bw,min and hw,min for use in a country may be found in its National Annex to this document. The 

recommended values are: bw,min  = 0,25 m and hw,min  = 0,4 m for buildings with up to three storeys, or hw,min = 0,5 m for those 

with four storeys or more above the basement. 

(4)       Foundation slabs arranged in accordance with EN 1998-5:2004, 5.4.1.2(2) for the horizontal 

connection of individual footings or pile caps, should have a thickness of at least tmin and a reinforcement 

ratio of at least ρs,min at the top and bottom. 

NOTE The recommended values are: tmin = 0,2 m and ρs,min = 0.2%. 

(5)       Tie-beams  and  foundation  beams  should  have  along  their  full  length  a longitudinal 

reinforcement ratio of at least ρb,min at both the top and the bottom. 

NOTE The recommended value of ρb,min is 0.4%. 

5.8.3    Connections of vertical elements with foundation beams or walls 

(1)P     The common (joint) region of a foundation beam or foundation wall and a vertical element shall 

follow the rules of 5.4.3.3 or 5.5.3.3 as a beam-column joint region. 

(2)       If a foundation beam or foundation wall of a DCH structure is designed for action effects derived 

on the basis of capacity design considerations in accordance with 4.4.2.6(2)P, the horizontal shear force 

Vjhd in the joint region is derived on the basis of analysis results in accordance with 4.4.2.6(2)P, (4), (5), 

and (6). 

(3)       If the foundation beam or foundation wall of a DCH structure is not designed in accordance with 

the capacity design approach of 4.4.2.6(4), (5), (6) (see 5.8.1(3)P), the horizontal  shear  force  Vjhd   in  

the  joint  region  is  determined  in  accordance  with 5.5.2.3(2), expressions (5.22), (5.23), for beam-

column joints. 

(4)  In DCM structures the connection of foundation beams or foundation walls with vertical elements 

may follow the rules of 5.4.3.3. 

(5)   Bends or hooks at the bottom of longitudinal bars of vertical elements should be oriented so that 

they induce compression into the connection area. 

5.8.4    Cast-in-place concrete piles and pile caps 

(1)P     The top of the pile up to a distance to the underside of the pile cap of twice the pile cross-

sectional dimension, d, as well as the regions up to a distance of 2d on each side of an interface between 
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two soil layers with markedly different shear stiffness (ratio of shear moduli greater than 6), shall be 

detailed as potential plastic hinge regions. To this  end,  they  shall  be  provided  with  transverse  and  

confinement  reinforcement following the rules for column critical regions of the corresponding ductility 

class or of at least DCM. 

(2)P     When the requirement specified in 5.8.1(3)P is applied for the design of piles of dissipative 

structures, piles shall be designed and detailed for potential plastic hinging at the head. To this end, the 

length over which increased transverse and confinement reinforcement is required at the top of the pile 

in accordance with (1)P of this subclause is increased by 50%. Moreover, the ULS verification of the 

pile in shear shall use a design shear force at least equal to that computed on the basis of 4.4.2.6(4) to 

(8). 

(3)       Piles required to resist tensile forces or assumed as rotationally fixed at the top, should be 

provided with anchorage in the pile cap to enable the development of the pile design  uplift  resistance  

in  the  soil,  or  of  the  design  tensile  strength  of  the  pile reinforcement, whichever is lower. If the 

part of such piles embedded in the pile cap is cast  before  the  pile  cap,  dowels  should  be  provided  at  

the  interface  where  the connection occurs. 

5.9    Local effects due to masonry or concrete infills 

(1)       Because of the particular vulnerability of the infill walls of ground floors, a seismically induced 

irregularity is to be expected there and appropriate measures should be taken. If a more precise method 

is not used, the entire length of the columns of the ground floor should be considered as the critical 

length and confined accordingly. 

(2)       If  the  height  of  the  infills  is  smaller  than  the  clear  length  of  the  adjacent columns, the 

following measures should be taken: 

a)  the entire  length  of the  columns  is  considered  as  critical region  and  should  be reinforced with 

the amount and pattern of stirrups required for critical regions; 

b) The consequences of the decrease of the shear span ratio of those columns should be appropriately 

covered. To this end, 5.4.2.3 and 5.5.2.2 should be applied for the calculation of the acting shear force, 

depending on the ductility class. In this calculation the clear length of the column, lcl, should be taken 

equal to the length of the column not in contact with the infills and the moment Mi,d  at the column 

section at the top of the infill wall should be taken as being equal to γRd.MRc,i with γRd =1,1 for DCM and 

1,3 for DCH and MRc,i the design value of the moment of resistance of the column; 

c) the transverse reinforcement to resist this shear force should be placed along the length of the  column  

not  in  contact  with  the infills  and extend  along  a  length  hc (dimension of the column cross-section 
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in the plane of the infill) into the column part in contact with the infills; 

d) if the length of the column not in contact with the infills is less than 1,5hc, the shear force should be 

resisted by diagonal reinforcement. 

(3)      Where the infills extend to the entire clear length of the adjacent columns, and there are masonry 

walls on only one side of the column (e.g. corner columns), the entire length of the column should be 

considered as a critical region and be reinforced with the amount and pattern of stirrups required for 

critical regions. 

(4)       The length, lc,  of columns over which the diagonal strut force of the infill is applied, should be 

verified in shear for the smaller of the following two shear forces: a) the horizontal component of the 

strut force of the infill, assumed to be equal to the horizontal shear strength of the panel, as estimated on 

the basis of the shear strength of bed joints; or b) the shear force computed in accordance with 5.4.2.3 or 

5.5.2.2, depending on the ductility class, assuming that the overstrength flexural capacity of the column, 

γRd.MRc,i, develops at the two ends of the contact length, lc. The contact length should be assumed to be 

equal to the full vertical width of the diagonal strut of the infill. Unless a more accurate estimation of 

this width is made, taking into account the elastic properties  and  the  geometry  of  the  infill  and  the  

column,  the  strut  width  may  be assumed to be a fixed fraction of the length of the panel diagonal. 

5.10  Provisions for concrete diaphragms 

(1)       A solid reinforced concrete slab may be considered to serve as a diaphragm, if it has a thickness 

of not less than 70 mm and is reinforced in both horizontal directions with at least the minimum 

reinforcement specified in EN 1992-1-1:2004. 

(2)       A cast-in-place topping on a precast floor or roof system may be considered as a diaphragm, if: 

a) it meets the requirements of (1) of this subclause;  

b) it is designed to provide alone the required diaphragm stiffness and resistance; and  

c) it is cast over a clean, rough substrate, or connected to it through shear connectors. 

(3)     The seismic design shall include the ULS verification of reinforced concrete diaphragms in DCH 

structures with the following properties: 

− irregular geometries or divided shapes in plan, diaphragms with recesses and re- entrances; 

−  irregular and large openings in the diaphragm; 

− irregular distribution of masses and/or stiffnesses (as e.g. in the case of set-backs or off-sets); 

− basements with walls located only in part of the perimeter or only in part of the ground floor area; 
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(4)       Action-effects   in   reinforced   concrete   diaphragms   may   be   estimated   by modelling the 

diaphragm as a deep beam or a plane truss or strut-and-tie model, on elastic supports. 

(5)       The design values of the action effects should be derived taking into account 4.4.2.5. 

(6)       The design resistances should be derived in accordance with EN 1992-1-1:2004. 

(7)       In cases of core or wall structural systems of DCH, it should be verified that the transfer of the 

horizontal forces from the diaphragms to the cores or walls  has occurred. In this respect the following 

provisions apply: 

a) the design shear stress at the interface of the diaphragm and a core or wall should be limited to 1,5fctd, 

to control cracking; 

b)  an  adequate  strength  to  guard  against  shear  sliding  failure  should  be  ensured, assuming that 

the strut inclination is 45o. Additional bars should be provided, contributing to the shear strength of the 

interface between diaphragms and cores or walls; anchorage of these bars should follow the provisions 

of 5.6. 

5.11  Precast concrete structures 

5.11.1  General 

5.11.1.1 Scope and structural types 

(1)P     Clause 5.11 applies to the seismic design of concrete structures constructed partly or entirely of 

precast elements. 

(2)P Unless otherwise specified (see 5.11.1.3.2(4)), all provisions of Section 5 of this standard and of 

EN 1992-1-1:2004, Section 10, apply. 

(3) The following structural types, as defined in 5.1.2 and 5.2.2.1, are covered by 5.11: 

− frame systems; 

− wall systems; 

− dual systems (mixed precast frames and precast or monolithic walls). 

(4) In addition  the following systems are also covered: 

− wall panel structures (cross wall structures); 

− cell structures (precast monolithic room cell systems). 

5.11.1.2 Evaluation of precast structures 

(1) In modelling of precast structures, the following evaluations should be made. 
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a) Identification of the different roles of the structural elements as one of the following: 

−   those resisting only gravity loads, e.g. hinged columns around a reinforced concrete core; 

−  those resisting both gravity and seismic loads, e.g. frames or walls; 

−   those providing adequate connection between structural elements, e.g. floor or roof diaphragms. 

b) Ability to fulfil the seismic resistance provisions of 5.1 to 5.10 as follows: 

− precast system able to satisfy all those provisions; 

−  precast systems which are combined with cast-in-situ columns or walls in order to satisfy all those 

provisions; 

−  precast systems which deviate from those provisions and, by way of consequence, need additional 

design criteria and should be assigned lower behaviour factors. 

c) Identification of non-structural elements, which may be: 

− completely uncoupled from the structure; or 

− partially resisting the deformation of structural elements. 

d) Identification of the effect of the connections on the energy dissipation capacity of the structure: 

−   connections  located  well  outside  critical  regions  (as  defined  in  5.1.2(1)),  not affecting the 

energy dissipation capacity of the structure (see 5.11.2.1.1 and  e.g. Figure 5.14.a); 

   connections  located  within  critical  regions  but  adequately  over-designed  with respect to the rest 

of the structure, so that in the seismic design situation they remain elastic while inelastic response occurs 

in other critical regions (see 5.11.2.1.2 and e.g. Figure 5.14b); 

  connections located within critical regions with substantial ductility (see 5.11.2.1.3 and e.g. Figure 

5.14.c). 
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5.11.1.3 Design criteria 

5.11.1.3.1 Local resistance 

(1)       In   precast   elements   and   their   connections,   the   possibility   of   response degradation  due  

to  cyclic  post-yield  deformations  should  be  taken  into  account. Normally such response degradation 

is covered by the material partial factors on steel and concrete (see 5.2.4(1)P and 5.2.4(2)). If it is not, 

the design resistance of precast connections under monotonic loading should be appropriately reduced 

for the verifications in the seismic design situation. 

5.11.1.3.2 Energy dissipation 

(1) In  precast  concrete  structures  the  prevailing  energy  dissipation  mechanism should be through 

plastic rotations within critical regions. 

(2)  Besides energy dissipation through plastic rotations in critical regions, precast structures can also 

dissipate energy through plastic shear mechanisms along joints, provided that both of the following 

conditions are satisfied: 

a) the restoring force should not degrade substantially during the seismic action; and b) the possible 

instabilities should be appropriately avoided. 

(3)   The three ductility classes provided in Section 5 for cast-in-place structures apply for precast 

systems as well. Only 5.2.1(2) and 5.3 apply from Section 5, for the design of precast buildings of 

Ductility Class. 

NOTE Ductility class L is recommended only for the low-seismicity case. For wall panel systems the recommended ductility 

class is M. 

(4)       The capacity of energy dissipation in shear may be taken into account, especially in precast wall 

systems, by taking into account the values of the local slip-ductility factors, ∝s, in the choice of the 
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overall behaviour factor q. 

5.11.1.3.3 Specific additional measures 

(1)       Only regular precast structures are covered by 5.11 (see 4.2.3). Nonetheless, the verification of 

precast elements of irregular structures may be based on the provisions of this subsection. 

(2)       All  vertical  structural  elements  should  be  extended  to  the  foundation  level without a break. 

(3) Uncertainties related to resistances are  as in 5.2.3.7(2)P.  

(4) Uncertainties related to ductility are as in 5.2.3.7(3)P. 

5.11.1.4 Behaviour factors 

(1)       For  precast-structures  observing  the  provisions  of  5.11,  the  value  of  the behaviour factor qp  

may be calculated from the following expression, unless special studies allow for deviations: 

qp = kp. q                                                                                                                    (5.53) 

where: 

q          is the behaviour factor in accordance with expression (5.1); 

kp is  the  reduction  factor  depending  on  the  energy  dissipation  capacity  of  the precast 

structure (see (2) of this subclause). 

NOTE The recommended values are: 

kp = 1,0 for structures with connection according to 5.11.2.1.1, 5.11.2.1.2, or 5.11.2.1.3 

kp = 0,5 for structures with other types of connections. 

(2)       For precast structures not observing the design provisions in 5.11, the behaviour factor qp should 

be assumed to be up to 1,5. 

5.11.1.5 Analysis of transient situation 

(1)       During the erection of the structure, during which temporary bracing should be provided, seismic 

actions do not have to be taken into account as a design situation. However, whenever the occurrence of 

an earthquake might produce collapse of parts of the structure with serious risk to human life, temporary 

bracings should be explicitly designed for an appropriately reduced seismic action. 

(2)       If not otherwise specified by special studies, this action may be  assumed to be equal to a fraction 

Ap of the design action as defined in Section 3. 

NOTE The recommended value of Ap is 30%. 

5.11.2  Connections of precast elements 

5.11.2.1 General provisions 
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5.11.2.1.1 Connections located away from critical regions 

(1)       Connections of precast elements considered to be away from critical regions should be located at 

a distance from the end face of the closest critical region, at least equal to the largest of the cross-section 

dimensions of the element where this critical region lies. 

(2)       Connections of this type should be dimensioned for: a) a shear force determined from the 

capacity design rule of 5.4.2.2 and 5.4.2.3 with a factor to account for overstrength due to strain-

hardening of steel, γRd, equal to 1,1 for DCM or to 1,2 for DCH; and b) a bending moment at least equal 

to the acting moment from the analysis and to 50% of the moment of resistance, MRd, at the end face of 

the  nearest  critical region, multiplied by the factor γRd. 

5.11.2.1.2 Overdesigned connections 

(1)       The design action-effects of overdesigned connections should be derived on the basis of the 

capacity design rules of 5.4.2.2 and 5.4.2.3, on the basis of overstrength flexural resistances at the end 

sections of critical regions equal to γRd.MRd, with  the factor γRd taken as being equal to 1,20 for DCM 

and to 1,35 for DCH. 

(2)       Terminating reinforcing bars of the overdesigned connection should be fully anchored before the 

end section(s) of the critical region. 

(3)       The reinforcement of the critical region should be fully anchored outside the overdesigned 

connection. 

5.11.2.1.3 Energy dissipating connections 

(1)       Such connections should conform to the local ductility criteria in 5.2.3.4 and in the relevant 

paragraphs of 5.4.3 and 5.5.3. 

(2)       Alternatively it should be demonstrated by cyclic inelastic tests of an appropriate number of 

specimens representative of the connection, that the connection possesses stable cyclic deformation and 

energy dissipation capacity at least equal to that of a monolithic  connection  which  has  the  same  

resistance  and    conforms  to  the  local ductility provisions of 5.4.3 or 5.5.3. 

(3)       Tests on representative specimens should be performed following an appropriate cyclic history of 

displacements, including at least three full cycles at an amplitude corresponding to qp in accordance with 

5.2.3.4(3). 

5.11.2.2 Evaluation of the resistance of connections 

(1)       The design resistance of the connections between precast concrete elements should be calculated 

in accordance with the provisions of EN 1992-1-1:2004, 6.2.5 and of EN 1992-1-1:2004, Section 10, 
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using the material partial factors of 5.2.4(2) and (3). If those provisions do not adequately cover the 

connection under consideration, its resistance should be evaluated by means of appropriate experimental 

studies. 

(2)       In  evaluating  the  resistance  of  a  connection  against  sliding  shear,  friction resistance due to 

external compressive stresses (as opposed to the internal stresses due to the clamping effect of bars 

crossing the connection) should be neglected. 

(3)       Welding of steel bars in energy dissipating connections may be structurally taken into account 

when all of the following conditions are met: 

a) only weldable steels are used; 

b) welding materials, techniques and personnel ensure a loss of local ductility less than 10% of the 

ductility factor achieved if the connection were implemented without welding. 

(4)       Steel elements (sections or bars) fastened on concrete members and intended to contribute to the 

seismic resistance should be analytically and experimentally demonstrated to resist a cyclic loading 

history of imposed deformation at the target ductility level, as specified in 5.11.2.1.3(2). 

5.11.3  Elements 

5.11.3.1 Beams 

(1)P     The relevant provisions of EN 1992-1-1:2004, Section 10 and of 5.4.2.1, 5.4.3.1, 5.5.2.1, 5.5.3.1 

of this Eurocode apply, in addition to the rules set forth in 5.11. 

(2)P     Simply supported precast beams shall be structurally connected to columns or walls. The 

connection shall ensure the transmission of horizontal forces in the design seismic situation without 

reliance on friction. 

(3)       In addition to the relevant provisions of EN 1992-1-1:2004, Section 10, the tolerance and spalling 

allowances of the bearings should also be sufficient for the expected displacement of the supporting 

member (see 4.3.4). 

5.11.3.2 Columns 

(1)       The relevant provisions of 5.4.3.2 and 5.5.3.2 apply, in addition to the rules set forth in 5.11. 

(2)       Column-to-column  connections  within  critical  regions  are  allowed  only  in DCM. 

(3)       For  precast  frame  systems  with  hinged  column-to-beam  connections,  the columns should be 

fixed at the base with full supports in pocket foundations designed in accordance with 5.11.2.1.2. 

5.11.3.3 Beam-column joints 
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(1)       Monolithic beam-column joints (see figure 5.14a) should follow the relevant provisions of 

5.4.3.3 and 5.5.3.3. 

(2)      Connections of beam-ends to columns (see figure 5.14b) and c) should be specifically checked for 

their resistance and ductility, as specified in 5.11.2.2.1. 

5.11.3.4 Precast large-panel walls 

(1)       EN 1992-1-1, Section 10 applies with the following modifications: 

a) The total minimum vertical reinforcement ratio refers to the actual cross-sectional area of concrete 

and should include the vertical bars of the web and the boundary elements; 

b) Mesh reinforcement in a single curtain is not allowed; 

c) A minimum confinement should be provided to the concrete near the edge of all precast panels, as 

specified in 5.4.3.4.2 or 5.5.3.4.5 for columns, over a square section of side length bw, where bw denotes 

the thickness of the panel. 

(2)       The part of the wall panel between a vertical joint and an opening arranged closer than 2,5bw  to 

the joint, should be dimensioned and detailed in accordance with 

5.4.3.4.2 or 5.5.3.4.5, depending on the ductility class. 

(3)       Force-response  degradation  of  the  resistance  of  the  connections  should  be avoided. 

(4)       To this end, all vertical joints should be rough or provided with shear keys and verified in shear. 

(5)       Horizontal joints under compression over their entire length may be formed without shear keys. 

If they are partly in compression and partly in tension, they should be provided with shear keys along the 

full length. 

(6)       The   following   additional   rules   apply   for   the   verification   of   horizontal connections of 

walls consisting of precast large panels: 

a) the total tensile force produced by axial (with respect to the wall) action-effects should be taken by 

vertical reinforcement arranged along the tensile area of the panel and fully anchored in the body of the 

upper and lower panels. The continuity of this reinforcement should be secured by ductile welding 

within the horizontal joint or, preferably, within special keys provided for this purpose (Figure 5.15). 
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b) in horizontal connections which are partly in compression and partly in tension (under  the  seismic  

design  situation)  the  shear  resistance  verification  (see  5.11.2.2) should be made only along the part 

under compression. In such a case, the value of the axial force NEd should be replaced by the value of the 

total compressive force Fc acting on the compression area. 

(7)       The following additional design rules should be observed, to enhance local ductility along the 

vertical connections of large panels: 

a) minimum reinforcement should be provided across the connections equal to 0,10% in connections 

which are fully compressed, and equal to 0,25% in connections which are partly in compression and 

partly in tension; 

b) the amount of reinforcement across the connections should be limited, to avoid abrupt post-peak force 

response softening. In the absence of more specific evidence, the reinforcement ratio should not exceed 

2%; 

c) such reinforcement should be distributed across the entire length of the connection. In DCM this 

reinforcement may be concentrated in three bands (top, middle and bottom); 

d) provision should be made to ensure continuity of reinforcement across panel-to-panel connections. To 

this end, in vertical connections steel bars should be anchored either in the form of loops or (in the case 

of joints with at least one face free) by welding across the connection (see Figure 5.16); 

e) to secure continuity along the connection after cracking, longitudinal reinforcement at a minimum 

ratio of ρc,min should be provided within the grout filling the space of the connection (see Figure 5.16). 
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NOTE The recommended value is: ρc,min = 1%. 

 

(8)       As a result of the energy dissipation capacity along the vertical (and in part along the horizontal) 

connections of large-panels, walls made of such precast panels are exempt from the requirements in 

5.4.3.4.2 and 5.5.3.4.5 regarding the confinement of boundary elements. 

5.11.3.5 Diaphragms 

(1)       In addition to the provisions of  EN 1992-1-1:2004, Section 10 relevant to slabs and to the 

provisions of 5.10, the following design rules also apply in the case of floor diaphragms made of precast 

elements. 

(2)       When the rigid diaphragm condition in accordance with 4.3.1(4) is not satisfied, the in-plane 

flexibility of the floor as well as of the connections to the vertical elements should be taken into account 

in the model. 

(3)       The rigid diaphragm behaviour is enhanced if the joints in the diaphragm are located only over its 

supports. An appropriate topping of in-situ reinforced concrete can drastically improve the rigidity of the 

diaphragm. The thickness of this topping layer should be not less than 40 mm if the span between 

supports is less than 8 m, or not less than 50 mm for longer spans; its mesh reinforcement should be 

connected to the vertical resisting elements above and below. 

(4)       Tensile forces should be resisted by steel ties accommodated at least along the perimeter of the 

diaphragm, as well as along some joints of the precast slab elements. If a cast in-situ topping is used, this 
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additional reinforcement should be located in this topping. 

(5)       In all cases, these ties should form a continuous system of reinforcement along and across the 

entire diaphragm and should be appropriately connected to each lateral force resisting element. 

(6)       In-plane  acting  shear  forces  along  slab-to-slab  or  slab-to-beam  connections should be 

computed with an overdesign factor equal to 1,30. The design resistance should be computed as in 

5.11.2.2. 

(7)      Primary seismic elements, both above and below the diaphragm, should be adequately connected 

to the diaphragm. To this end, any horizontal joints should always be properly reinforced. Friction forces 

due to external compressive forces should not be relied upon. 

6 SPECIFIC RULES FOR STEEL BUILDINGS 

6.1 General 

6.1.1 Scope 

(1)P For the design of steel buildings, EN 1993 applies. The following rules are additional to those 

given in EN 1993. 

(2)P For buildings with composite steel-concrete structures, Section 7 applies. 

6.1.2 Design concepts 

(1)P Earthquake resistant steel buildings shall be designed in accordance with one of the following 

concepts (see Table 6.1): 

− Concept a) Low-dissipative structural behaviour; 

− Concept b) Dissipative structural behaviour. 

(2)P     In concept a) the action effects may be calculated on the basis of an elastic global analysis 

without taking into account a significant non-linear material behaviour. When using the design spectrum 

defined in 3.2.2.5, the upper limit of the reference value of the behaviour factor q may be taken 1,5 (see 

Table 6.1). In the case of irregularity in elevation the behaviour factor q should be corrected as indicated 

in 4.2.3.1(7) but it need not be taken as being smaller than 1,5. 
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Table 6.1: Design concepts, structural ductility classes and upper limit reference values of the 

behaviour factors 
 
 

Design concept 

 
Structural ductility 

class 

Range of the 
reference values of 

the behaviour factor 
q 

 

Concept a) 
 

Low dissipative structural 
behaviour 

 
 
DCL (Low) 

 
 

≤ 1,5 - 2 

 
 
DCM (Medium) 

 

≤ 4 
 

also limited by the 
values of Table 10 

 
Concept b)  
Dissipative structural 
behaviour 

 

 
DCH (High) 

 
 
only limited by the 
values of Table 10 

 

(3)       In concept a), if the upper limit of the reference value of q is taken as being larger than 1,5, the 

primary seismic members of the structure should be of cross- sectional classes 1, 2 or 3. 

(4)       In concept a), the resistance of the members and of the connections should be evaluated in 

accordance with EN 1993 without any additional requirements. For buildings which are not seismically 

isolated (see Section 10), design in accordance with concept a) is recommended only for low seismicity 

cases (see 3.2.1(4)). 

(5)P     In concept b) the capability of parts of the structure (dissipative zones) to resist earthquake 

actions through inelastic behaviour is taken into account. When using the design spectrum defined in 

3.2.2.5, the reference value of behaviour factor q may be taken as being greater than the upper limit 

value established in Table 6.1 and in Note 1 to (1) of this subclause for low dissipative structural 

behaviour. The upper limit value of q depends on the Ductility Class and the structural type (see 6.3). 

When adopting this concept b), the requirements given in 6.2 to 6.11 shall be fulfilled. 

(6)P     Structures designed in accordance with concept b) shall belong to structural ductility classes 

DCM or DCH. These classes correspond to increased ability of the structure to dissipate energy in 

plastic mechanisms. Depending on the ductility class, specific requirements in one or more of the 

following aspects shall be met: class of steel sections and rotational capacity of connections. 

6.1.3    Safety verifications 

(1)P     For ultimate limit state verifications the partial factor for steel γs = γM shall take into account the 

possible strength degradation due to cyclic deformations. 
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NOTE  due to the local ductility provisions, the ratio between the residual strength after degradation and the initial one is 

roughly equal to the ratio between the γM  values for accidental and for fundamental load combinations, it is recommended 

that the partial factor γs adopted for the persistent and transient design situations be applied. 

(2)       In the capacity design checks specified in 6.5 to 6.8, the possibility that the actual yield strength 

of steel is higher than the nominal yield strength should be taken into account by a material overstrength 

factor γov (see 6.2(3)). 

6.2    Materials 

(1)P     Structural steel shall conform to standards referred to in EN 1993. 

(2)P     The distribution of material properties, such as yield strength and toughness, in the structure shall 

be such that dissipative zones form where they are intended to in the design. 

NOTE Dissipative zones are expected to yield before other zones leave the elastic range during the earthquake. 

(3)       The  requirement  (2)P  may  be  satisfied  if  the  yield  strength  of  the  steel  of dissipative 

zones and the design of the structure conform to one of the following conditions:  

a) the actual maximum yield strength fy,max of the steel of dissipative zones satisfies the following 

expression: 

 fy,max ≤ 1,1γov fy 

where 

γ ov          is the overstrength factor used in design; and 

fy              is the nominal yield strength specified for the steel grade. 

NOTE For steels of grade S235 and with γov = 1,25 this method gives a maximum of fy,max  = 323 N/mm2. 

b) the design of the structure is made on the basis of a single grade and nominal yield strength fy  for the 

steels both in dissipative and non dissipative zones; an upper value fy,max  is specified for the steel of 

dissipative zones; the nominal value fy  of the steels specified for non dissipative zones and connections 

exceeds the upper value of the yield strength fy ,max of dissipative zones. 

NOTE This condition normally leads to the use of steels of grade S355 for non-dissipative members and non 

dissipative connections (designed on the basis of the fy of S235 steels) and to the use of steels of grade S235 for 

dissipative members or connections where the upper yield strengths of steels of grade S235 is limited to fy,max = 

355 N/mm2. 

c) the actual yield strength fy,act of the steel of each dissipative zone is determined from measurements 

and the overstrength factor is computed for each dissipative zone as γov,act = fy,act/fy , fy being the nominal 

yield strength of the steel of dissipative zones. 
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NOTE This condition is applicable when known steels are taken from stock or to the assessment of  existing buildings or 

where  safe  side  assumptions  of  yield  strength  made  in  design  are confirmed by measurements before fabrication. 

(4)       If the conditions in (3)b of this subclause are satisfied, the overstrength factor, γov, may be taken 

as being 1,00 in the design checks for structural elements defined in 6.5 to 6.8. In the verification of 

expression (6.1) for connections, the value to be used for the overstrength factor γov is the same as in 

(3)a). 

(5)       If the conditions in (3)c) of this subclause are satisfied, the overstrength factor γov   should  be  

taken  as  the  maximum  among  the  γov,act   values  computed  in  the verifications specified in 6.5 to 

6.8. 

(6)P     For dissipative zones, the value of the yield strength fy,max taken into account in observing the 

conditions in (3) of this subclause should be specified and noted on the drawings. 

(7)       The toughness of the steels and the welds should satisfy the requirements for the seismic action at 

the quasi-permanent value of the service temperature (see EN 1993-1- 10:2004). 

(8)       The required toughness of steel and welds and the lowest service temperature adopted in 

combination with the seismic action should be defined in the project specification. 

(9)       In bolted connections of primary seismic members of a building, high strength bolts of bolt grade 

8.8 or 10.9 should be used. 

(10)P   The control of material properties shall be made in accordance with 6.11. 

6.3    Structural types and behaviour factors 

6.3.1    Structural types 

(1)P     Steel  buildings  shall  be  assigned  to  one  of  the  following  structural  types according to the 

behaviour of their primary resisting structure under seismic actions (see Figures 6.1 to 6.8). 

a) Moment resisting frames, are those in which the horizontal forces are mainly resisted by members 

acting in an essentially flexural manner. 

b) Frames with concentric bracings, are those in which the horizontal forces are mainly resisted by 

members subjected to axial forces. 

c) Frames with eccentric bracings, are those in which the horizontal forces are mainly resisted by axially 

loaded members, but where the eccentricity of the layout is such that energy can be dissipated in seismic 

links by means of either cyclic bending or cyclic shear. 

d) Inverted pendulum structures, are defined in 5.1.2, and are structures in which dissipative zones are 

located at the bases of columns. 
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e) Structures with concrete cores or concrete walls, are those in which horizontal forces are mainly 

resisted by these cores or walls. 

f) Moment resisting frames combined with concentric bracings.  

g) Moment resisting frames combined with infills. 

(2)       In moment resisting frames, the dissipative zones should be mainly located in plastic hinges in 

the beams or the beam-column joints so that energy is dissipated by means of cyclic bending. The 

dissipative zones may also be located in columns: 

−   at the base of the frame; 

−   at the top of the columns in the upper storey of multi-storey buildings; 

−    at the top and bottom of columns in single storey buildings in which NEd in columns conform to the 

inequality: NEd / Npl,Rd < 0,3. 

(3)       In  frames  with  concentric  bracings,  the  dissipative  zones  should  be  mainly located in the 

tensile diagonals. 

The bracings may belong to one of the following categories: 

− active tension diagonal bracings, in which the horizontal forces can be resisted by the tension 

diagonals only, neglecting the compression diagonals; 

−  V bracings, in which the horizontal forces can be resisted by taking into  account both tension and 

compression diagonals. The intersection point of these diagonals lies on a horizontal member which  

shall be continuous. 

K bracings, in which the intersection of the diagonals lies on a column (see Figure 6.9) may not be used. 

(4)       For frames with eccentric bracings configurations should be used that ensure that all links will be 

active, as shown in Figure 6.4. 

(5)       Inverted pendulum structures may be considered as moment resisting frames provided that the 

earthquake resistant structures possess more than one column in each resisting plane and that the 

following inequality of the limitation of axial force: NEd< 0,3 Npl, Rd is satisfied in each column. 
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6.3.2    Behaviour factors 

(1)       The behaviour factor q, introduced in 3.2.2.5, accounts for the energy dissipation capacity of the 

structure. For regular structural systems, the behaviour factor q should be  taken  with  upper  limits  to  

the  reference  values  which  are  given  in  Table  6.2, provided that the rules in 6.5 to 6.11 are met. 

(2) If the building is non-regular in elevation (see 4.2.3.3) the upper limit values of q listed in Table 

6.2 should be reduced by 20 % (see 4.2.3.1(7) and Table 4.1). 

(3)       For buildings that are regular in plan, if calculations to evaluate αu/α1, are not performed, the 

approximate default values of the ratio αu/α1 presented in Figures 6.1 to 6.8 may be used. The parameters 

α1 and αu are defined as follows: 

α1           is the value by which the horizontal seismic design action is multiplied in order to first reach the 

plastic resistance in any member in the structure, while all other design actions remain constant; 

αu           is the value by which  the horizontal seismic design action is multiplied, in order to form plastic 

hinges in a number of sections sufficient for the development of overall structural instability, while all 

other design actions remain constant. The factor 〈u may be obtained from a nonlinear static (pushover) 

global analysis. 

(4)       For buildings which are not regular in plan (see 4.2.3.2), the approximate value of αu/α1 that may 

be used when calculations are not performed for its evaluation  are equal to the average of (a) 1,0 and of 

(b) the value given in Figures 6.1 to 6.8. 
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(5)       Values of αu/α1 higher than those specified in (3) and (4) of this subclause are allowed, provided 

that they are confirmed by calculation of αu/α1 with a nonlinear static (pushover) global analysis. 

(6)       The maximum value of αu/α1 that may be used in a design is equal to 1,6, even if the analysis 

mentioned in (5) of this subclause indicates higher potential values. 

6.4    Structural analysis 

(1)       The design of floor diaphragms should conform to 4.4.2.5. 

(2)       Except  where  otherwise  stated  in  this  section  (e.g.  frames  with  concentric bracings, see 

6.7.2(1) and (2)), the analysis of the structure may be made  assuming that all members of the seismic 

resisting structure are active. 

6.5 Design  criteria  and  detailing  rules  for  dissipative  structural  behaviour common to all 

structural types 

6.5.1    General 

(1)       The design criteria given in 6.5.2 should be applied to the earthquake-resistant parts of structures 

designed in accordance with the concept of dissipative structural behaviour. 

(2)       The design criteria given in 6.5.2 are deemed to be satisfied if the detailing rules given in 6.5.3 to 

6.5.5 are followed. 

 

6.5.2    Design criteria for dissipative structures 
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(1)P     Structures with dissipative zones shall be designed such that yielding or local buckling or other 

phenomena due to hysteretic behaviour do not affect the overall stability of the structure. 

NOTE   The q factors given in Table 6.2 are deemed to conform to this requirement (see 2.2.2(2)). 

(2)P     Dissipative zones shall have adequate ductility and resistance. The resistance shall be verified in 

accordance with EN 1993. 

(3)       Dissipative  zones  may  be  located  in  the  structural  members  or  in  the connections. 

(4)P     If dissipative zones are located in the structural members, the non-dissipative parts and the 

connections of the dissipative parts to the rest of the structure shall have sufficient overstrength to allow 

the development of cyclic yielding in the dissipative parts. 

(5)P     When dissipative zones are located in the connections, the connected members shall have 

sufficient overstrength to allow the development of cyclic yielding in the connections. 

6.5.3    Design rules for dissipative elements in compression or bending 

(1)P     Sufficient local ductility of members which dissipate energy in compression or bending shall be 

ensured by restricting the width-thickness ratio b/t according to the cross-sectional classes specified in 

EN 1993-1-1:2004, 5.5. 

(2)    Depending on the ductility class and the behaviour factor q used in the design, the requirements 

regarding the cross-sectional classes of the steel elements which dissipate energy are indicated in Table 

6.3 

Table 6.3: Requirements on cross-sectional class of dissipative elements depending on Ductility 

Class and reference behaviour factor 

 

 
Ductility class 

 

Reference value of 
behaviour factor q 

 

Required cross- 
sectional class 

 

1,5 < q ≤ 2 
 

class 1, 2 or 3 
 
 

DCM  

2 < q ≤ 4 
 

class 1 or 2 
 

DCH 
 

q > 4 
 

class 1 

 

 

 

 

6.5.4 Design rules for parts or elements in tension 
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(1) For tension members or parts of members in tension, the ductility requirement of EN 1993-1-

1:2004, 6.2.3(3) should be met. 

6.5.5 Design rules for connections in dissipative zones 

(1)P The design of connections shall be such as to limit localization of plastic strains, high residual 

stresses and prevent fabrication defects. 

(2) Non dissipative connections of dissipative members made by means of full penetration butt 

welds may be deemed to satisfy the overstrength criterion. 

(3) For fillet weld or bolted non dissipative connections, the following expression should be 

satisfied: 

Rd ≥ 1,1 γov Rfy                                                                                                                                                                     (6.1) 

where 

Rd            is the resistance of the connection in accordance with EN 1993; 

Rfy is the plastic resistance of the connected dissipative member based on the design yield stress of 

the material as defined in EN 1993. 

γov           is the overstrength factor (see 6.1.3(2) and 6.2). 

(4)       Categories B and C of bolted joints in shear in accordance with EN 1993-1- 8:2004, 3.4.1 and 

category E of bolted joints in tension in accordance with EN 1993-1-8:2004, 3.4.2 should be used. Shear 

joints with fitted bolts are also allowed. Friction surfaces should belong to class A or B as defined in EN 

1090-1. 

(5) For bolted shear connections, the design shear resistance of the bolts should be higher than 1,2 

times the design bearing resistance. 

(6)       The adequacy of design should be supported by experimental evidence whereby strength and 

ductility of members and their connections under cyclic loading should be supported by experimental 

evidence, in order to  conform to the specific requirements defined in 6.6 to 6.9 for each structural type 

and structural ductility class. This applies to partial and full strength connections in or adjacent to 

dissipative zones. 

(7) Experimental evidence may be based on existing data. Otherwise, tests should be performed. 

6.6    Design and detailing rules for moment resisting frames 

6.6.1    Design criteria 

(1)P     Moment resisting frames shall be designed so that plastic hinges form in the beams or in the 
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connections of the beams to the columns, but not in the columns, in accordance with 4.4.2.3. This 

requirement is waived at the base of the frame, at the top level of multi-storey buildings and for single 

storey buildings. 

(2)P     Depending on the location of the dissipative zones, either 6.5.2(4)P or 6.5.2(5)P applies. 

(3)       The  required  hinge  formation  pattern  should  be  achieved  by  conforming  to 4.4.2.3, 6.6.2, 

6.6.3 and 6.6.4. 

6.6.2    Beams 

(1) Beams should be verified as having sufficient resistance against lateral and lateral torsional 

buckling in accordance with EN 1993, assuming the formation of a plastic hinge at one end of the beam. 

The beam end that should be considered is the most stressed end in the seismic design situation. 

(2)       For plastic hinges in the beams it should be verified that the full plastic moment of resistance and 

rotation capacity are not decreased by compression and shear forces. To this end, for sections belonging 

to cross-sectional classes 1 and 2, the following inequalities should be verified at the location where the 

formation of hinges is expected: 

 

NEd         is the design axial force; 

MEd        is the design bending moment; 

VEd         is the design shear; 

Npl, Rd , Mpl, Rd , Vpl, Rd are design resistances in accordance with EN 1993; 

VEd,G     is the design value of the shear force due to the non seismic actions; 

VEd,M     is  the design  value  of  the  shear  force  due  to  the  application  of  the  plastic moments 

Mpl,Rd,A and Mpl,Rd,B  with opposite signs at the end sections A and B of the beam. 

NOTE VEd,M = (Mpl,Rd,A+Mpl,Rd,B)/L is the most unfavourable condition, corresponding to a beam with span L and dissipative 
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zones at both ends. 

(3)       For  sections  belonging  to  cross-sectional  class  3,  expressions  (6.2)  to  (6.5) should be 

checked replacing Npl, Rd, Mpl, Rd, Vpl, Rd with Nel, Rd, Mel, Rd, Vel, Rd. 

(4)       If the condition in expression (6.3) is not verified, the requirement specified in (2) of this 

subclause is deemed to be satisfied if the provisions of EN 1993-1-1:2004, 6.2.9.1 are satisfied. 

6.6.3    Columns 

(1)P     The columns shall be verified in compression considering the most unfavourable combination of 

the axial force and bending moments. In the checks, NEd, MEd, VEd should be computed as: 

 

where 

NEd,G (MEd,G, VEd,G)     are the compression force (respectively the bending moment and shear force) in 

the column due to the non-seismic actions included in the combination of actions for the seismic design 

situation; 

NEd,E (MEd,E, VEd,E)      are the compression force (respectively the bending moment and shear force) in 

the column due to the design seismic action; 

γov is the overstrength factor (see 6.1.3(2) and 6.2(3)) 

Ω        is the minimum value of Ωi  = Mpl,Rd,i/MEd,i  of all beams in which  dissipative zones are located; 

MEd,i is the design value of the bending moment in beam i in the seismic design situation and Mpl,Rd,i.is 

the corresponding plastic moment. 

(2) In columns where plastic hinges form as stated in 6.6.1(1)P, the verification should take into 

account that in these plastic hinges the acting moment is equal to Mpl,Rd. 

(3) The resistance verification of the columns should be made in accordance with EN 1993-1-

1:2004, Section 6. 

(4) The column shear force VEd resulting from the structural analysis should satisfy the following 

expression : 
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(5) The transfer of the forces from the beams to the columns should  conform to the design rules 

given in EN 1993-1-1:2004, Section 6. 

(6) The shear resistance of framed web panels of beam/column connections (see Figure 6.10) should 

satisfy the following expression: 

 

where 

Vwp,Ed   is the design shear force in the web panel due to the action effects, taking into account the plastic 

resistance of the adjacent dissipative zones in beams or connections; 

Vwp,Rd   is the shear resistance of the web panel in accordance with EN 1993- 1-8:2004, 6.2.4.1. It is not 

required to take into account the effect of the stresses of the axial force and bending moment on the 

plastic resistance in shear. 

 

(7) The shear buckling resistance of the web panels should also be checked to ensure that it 

conforms to EN 1993-1-5:2004, Section 5: 

Vwp,Ed < Vwb,Rd                                                                                                                                                                      (6.9) 

where 

Vwb,Rd   is the shear buckling resistance of the web panel. 

6.6.4    Beam to column connections 

(1)       If the structure is designed to dissipate energy in the beams, the connections of the beams to the 

columns should be designed for the required degree of overstrength (see 6.5.5) taking into account the 

moment of resistance Mpl,Rd and the shear force (VEd,G + VEd,M) evaluated in 6.6.2. 
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(2) Dissipative   semi-rigid   and/or   partial   strength   connections   are   permitted, provided that 

all of the following requirements are verified: 

a) the connections have a rotation capacity consistent with the global deformations; 

b) members framing into the connections are demonstrated to be stable at the ultimate limit state (ULS); 

c) the effect of connection deformation on global drift is taken into account using non- linear static 

(pushover) global analysis or non-linear time history analysis. 

(3)       The connection design should be such that the rotation capacity of the plastic hinge region θp is 

not less than 35 mrad for structures of ductility class DCH and 25 mrad for structures of ductility class 

DCM with q > 2. The rotation θp is defined as 

θp = δ / 0,5L                                                                                                                (6.10) 

where (see Figure 6.11): 

δ         is the beam deflection at midspan ; 

L         is the beam span 

The rotation capacity of the plastic hinge region θp  should be ensured under  cyclic loading  without  

degradation  of  strength  and  stiffness  greater  than  20%.    

 

(4)       In experiments made to assess θp the column web panel shear resistance should conform to 

expression (6.8) and the column web panel shear deformation  should not contribute for more than 30% 

of the plastic rotation capability θp. 

(5)       The column elastic deformation should not be included in the evaluation of θp. 

(6)       When partial strength connections are used, the column capacity design should be derived from 
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the plastic capacity of the connections. 

6.7    Design and detailing rules for frames with concentric bracings 

6.7.1    Design criteria 

(1)P     Concentric braced frames shall be designed so that yielding of the diagonals in tension will take 

place before failure of the connections and before yielding or buckling of the beams or columns. 

(2)P     The  diagonal  elements  of  bracings  shall  be  placed  in  such  a  way  that  the structure 

exhibits similar load deflection characteristics at each storey in opposite senses of the same braced 

direction under load reversals. 

(3)       To this end, the following rule should be met at every storey: 

 

where A+ and A- are the areas of the horizontal projections of the cross-sections of the tension diagonals, 

when the horizontal seismic actions have a positive or negative direction respectively (see Figure 6.12). 

 

 

6.7.2    Analysis 

(1)P     Under gravity load conditions, only beams and columns shall be considered to resist such loads, 
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without taking into account the bracing members. 

(2)P     The diagonals shall be taken into account as follows in an elastic analysis of the structure for the 

seismic action: 

− in frames with diagonal bracings, only the tension diagonals shall be taken into account; 

− in frames with V bracings, both the tension and compression diagonals shall be taken into 

account. 

(3)       Taking into account of both tension and compression diagonals in the analysis of any type of 

concentric bracing is allowed provided that all of the following conditions are satisfied: 

a) a non-linear static (pushover) global analysis or non-linear time history analysis is used; 

b)  both  pre-buckling  and  post-buckling  situations  are  taken  into  account  in  the modelling of the 

behaviour of diagonals and; 

c) background information justifying the model used to represent the behaviour of diagonals is provided. 

6.7.3    Diagonal members 

(1)       In  frames  with  X  diagonal  bracings,  the  non-dimensional  slenderness as defined in EN 

1993-1-1:2004 should be limited to: 1,3 < ≤ 2,0. 

NOTE The 1,3 limit is defined to avoid overloading columns in the prebuckling stage (when both compression and tension 

diagonals are active) beyond the action effects obtained from an analysis at the ultimate stage where only the tension diagonal 

is taken as active. 

(2)       In frames with diagonal bracings in which the diagonals are not positioned as X diagonal 

bracings (see for instance Figure 6.12), the non-dimensional slenderness  should be less than or equal 

to 2,0. 

(3)       In frames with V bracings, the non-dimensional slenderness should be  less than or equal to 

2,0. 

4)       In structures of up to two storeys, no limitation applies to  

(5)       The yield resistance Npl,Rd   of the gross cross-section of the diagonals should be such that Npl,Rd ≥ 

NEd. 

(6)       In frames with V bracings, the compression diagonals should be designed for the compression 

resistance in accordance with EN 1993. 

(7)       The connections of the diagonals to any member should satisfy the design rules of 6.5.5. 
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(8)       In order to satisfy a homogeneous dissipative behaviour of the diagonals, it should be checked 

that the maximum overstrength Ωi defined in 6.7.4(1) does not differ from the minimum value Ω by 

more than 25%. 

(9)       Dissipative   semi-rigid   and/or   partial   strength   connections   are   permitted, provided that all 

of the following conditions are satisfied: 

a) the connections have an elongation capacity consistent with global deformations; 

b) the effect of connections deformation on global drift is taken into account using non- linear static 

(pushover) global analysis or non-linear time history analysis. 

6.7.4    Beams and columns 

(1)      Beams and columns with axial forces should meet the following minimum resistance requirement: 

 

where 

Npl,Rd(MEd) is  the  design  buckling  resistance  of  the  beam  or  the  column  in accordance with EN 

1993, taking into account the interaction of the buckling resistance with the bending moment MEd, 

defined as its design value in the seismic design situation; 

NEd,G is the axial force in the beam or in the column due to the non-seismic actions included in the 

combination of actions for the seismic design situation; 

NEd,E      is the axial force in the beam or in the column due to the design seismic action; 

γov           is the overstrength factor (see 6.1.3(2) and 6.2(3)) 

Ω  is the minimum value of Ωi = Npl,Rd,i/NEd,i over all the diagonals of the braced frame system; 

where 

Npl,Rd,i   is the design resistance of diagonal i; 

NEd,i is the design value of the axial force in the same diagonal i in the seismic design situation. 

(2)       In frames with V bracings, the beams should be designed to resist: 

−   all non-seismic actions without considering the intermediate support given by  the diagonals; 

−   the unbalanced vertical seismic action effect applied to the beam by the braces after buckling of the 

compression diagonal. This action effect is calculated using Npl,Rd for the brace in tension and γpb Npl,Rd 

for the brace in compression. 
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NOTE  The factor γpb is used for the estimation of the post buckling resistance of diagonals in compression. The 

recommended value is 0,3. 

(3)P     In  frames  with  diagonal  bracings  in  which  the  tension  and  compression diagonals are not 

intersecting (e.g. diagonals of Figure 6.12), the design should take into account the tensile and 

compression forces which develop in the columns adjacent to the diagonals in compression and 

correspond to compression forces in these diagonals equal to their design buckling resistance. 

6.8    Design and detailing rules for frames with eccentric bracings 

6.8.1    Design criteria 

(1)P     Frames with eccentric bracings shall be designed so that specific elements or parts of elements 

called seismic links are able to dissipate energy by the formation of plastic bending and/or plastic shear 

mechanisms. 

(2)P    The structural system shall be designed so that a homogeneous dissipative behaviour of the whole 

set of seismic links is realised. 

NOTE The rules given hereafter are intended to ensure that yielding, including strain hardening effects in the plastic hinges 

or shear panels, will take place in the links prior to any yielding or failure elsewhere. 

(3)       Seismic links may be horizontal or vertical components (see Figure 6.4). 

6.8.2    Seismic links 

(1) The  web  of  a  link  should  be  of  single  thickness  without  doubler  plate reinforcement and 

without a hole or penetration. 

(2) Seismic links are classified into 3 categories according to the type of plastic mechanism 

developed: 

−   short links, which dissipate energy by yielding essentially in shear; 

−   long links, which dissipate energy by yielding essentially in bending; 

−  intermediate links, in which the plastic mechanism involves bending and shear. 

(3) For I sections, the following parameters are used to define the design resistances and limits of 

categories: 
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(4) If NEd/Npl,Rd ≤ 0,15, the design resistance of the link should satisfy both of the following 

relationships at both ends of the link: 

 

where 

NEd, MEd, VEd   are the design action effects, respectively the design axial force, design bending moment 

and design shear, at both ends of the link. 

(5) If  NEd/NRd   >  0,15,  expressions  (6.15),  (6.16)  should  be  satisfied  with  the following 

reduced values Vp,link,r and Mp,link,r used instead of Vp,link and Mp,link : 

 

(6)       If NEd/NRd ≥ 0,15, the link length e should not exceed: 

e ≤ 1,6 Mp,link/Vp,link     (6.19) 

when R = NEd.tw.(d –2tf) / (VEd.A)< 0,3,                                                                            
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in which A is the gross area of the link. 

Or  e ≤ (1,15 – 0,5 R) 1,6 Mp,link/Vp,link     when R ≥ 0,3                                                     (6.20) 

(7)       To achieve a global dissipative behaviour of the structure, it should be checked that the 

individual values of the ratios &i defined in 6.8.3(1) do not exceed the minimum value & resulting from 

6.8.3(1) by more than 25% of this minimum value. 

(8)       In designs where equal moments would form simultaneously at both ends of the link (see Figure 

6.14.a), links may be classified according to the length e. For I sections, the categories are: 
 

− short links e < es = 1,6 Mp,link/Vp,link (6.21)

− long links e > eL = 3,0 Mp,link/Vp,link (6.22)

− intermediate links es < e < eL (6.23)

 

(9)       In designs where only one plastic hinge would form at one end of the link (see Figure 6.14.b), the 

value of the length e defines the categories of the links. For I sections the categories are: 
 

−short links e < es = 0,8 (1+α) Mp,link/Vp,link (6.24) 

−long links e > eL = 1,5 (1+ α) Mp,link/Vp,link (6.25) 

−intermediate links es < e < eL. (6.26) 
 

where α is the ratio of the smaller bending moments MEd,A at one end of the link in the seismic design 

situation, to the greater bending moments MEd,B  at the end where  the plastic hinge would form, both 

moments being taken as absolute values. 

 

(10)     The link rotation angle θp between the link and the element outside of the link as defined in 

6.6.4(3) should be consistent with global deformations. It should not exceed the following values: 
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− short links θp = θ = 0,08 radians (6.27) 

− long links θp = θpR= 0,02 radians (6.28) 

-          intermediate links  θp = θpR = the value determined by linear  interpolation between the above 

values.(6.29) 

(11)     Full-depth web stiffeners should be provided on both sides of the link web at the diagonal brace 

ends of the link. These stiffeners should have a combined width of not less than (bf – 2tw) and a thickness 

not less than 0,75tw nor 10 mm, whichever is larger. 

(12)     Links should be provided with intermediate web stiffeners as follows: 

a) short links should be provided with intermediate web stiffeners spaced at intervals not exceeding 

(30tw – d/5) for a link rotation angle θp of 0,08 radians or (52tw – d/5) for link rotation angles θp of 0,02 

radians or less. Linear interpolation should be used for values of θp between 0,08 and 0,02 radians; 

b)  long  links  should  be  provided  with  one  intermediate  web  stiffener  placed  at  a distance of 1,5 

times b from each end of the link where a plastic hinge would form; 

c) intermediate links should be provided with intermediate web stiffeners meeting the requirements of a) 

and b) above; 

d) intermediate web stiffeners are not required in links of length e greater than 5 Mp/Vp; 

e) intermediate web stiffeners should be full depth. For links that are less than 600 mm in depth d, 

stiffeners are required on only one side of the link web. The thickness of one-sided stiffeners should be 

not less than tw  or 10 mm, whichever is larger, and the width should be not less than (b/2) – tw. For links 

that are 600 mm in depth or greater, similar intermediate stiffeners should be provided on both sides of 

the web. 

(13)     Fillet welds connecting a link stiffener to the link web should have a design strength adequate to 

resist a force of γov fyAst, where Ast is the area of the stiffener. The design strength of fillet welds 

fastening the stiffener to the flanges should be adequate to resist a force of γov Astfy/4. 

(14)     Lateral supports should be provided at both the top and bottom link flanges at the ends of the 

link. End lateral supports of links should have a design axial resistance sufficient to provide lateral 

support for forces of 6% of the expected nominal axial strength of the link flange computed as fy b tf. 

(15)     In beams where a seismic link is present, the shear buckling resistance of the web panels outside 

of the link should be checked to conform to EN 1993-1-5:2004, Section 5. 

6.8.3    Members not containing seismic links 
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(1)       The  members  not  containing  seismic  links,  like  the  columns  and  diagonal members, if 

horizontal links in beams are used, and also the beam members, if vertical links are used, should be 

verified in compression considering the most unfavourable combination of the axial force and bending 

moments: 

N Rd (M Ed ,VEd ) ≥ N Ed,G  + 1,1γ ov ΩN Ed,E          (6.30) 

where 

NRd (MEd,VEd) is  the  axial  design  resistance  of  the  column  or  diagonal  member  in accordance with 

EN 1993, taking into account the interaction with the bending moment  MEd   and  the  shear  VEd   taken  

at  their  design  value  in  the  seismic situation; 

NEd,G     is the compression force in the column or diagonal member due to the non- seismic actions 

included in the combination of actions for the seismic design situation; 

NEd,E      is the compression force in the column or diagonal member due to the design seismic action; 

γov is the overstrength factor (see 6.1.3(2) and 6.2(3)) 

Ω  is a multiplicative factor which is the minimum of the following values: 

the minimum value of Ωi = 1,5 Vp,link,i /VEd,i among all short links; 

the minimum value of Ωi = 1,5 Mp,link,i/MEd,i among all intermediate and long links; 

where 

VEd,i, MEd,i           are the design values of the shear force and of the bending moment in link i in the seismic 

design situation; 

Vp,link,i, Mp,link,i are  the  shear and  bending  plastic  design  resistances  of  link  i  as  in 6.8.2(3). 

6.8.4    Connections of the seismic links 

(1)       If  the  structure  is  designed  to  dissipate  energy  in  the  seismic  links,  the connections of the 

links or of the element containing the links should be designed for action effects Ed computed as follows: 

Ed ≥ Ed,G + 1,1γov Ωl Ed,E                   (6.31) 

where 

Ed,G is the action effect in the connection due to the non-seismic actions included in the combination of 

actions for the seismic design situation; 

Ed,E        is the action effect in the connection due to the design seismic action; 

γov           is the overstrength factor (see 6.1.3(2) and 6.2(3)) 
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Ωi            is the overstrength factor computed in accordance with 6.8.3(1) for the link. 

(2)       In  the  case  of  semi-rigid  and/or  partial  strength  connections,  the  energy dissipation may be 

assumed to originate from the connections only. This is allowable, provided that all of the following 

conditions are satisfied: 

a) the connections have rotation capacity sufficient for the corresponding deformation demands; 

b) members framing into the connections are demonstrated to be stable at the ULS; 

c) the effect of connection deformations on global drift is taken into account. 

(3)       When partial strength connections are used for the seismic links, the capacity design of the other 

elements in the structure should be derived from the plastic capacity of the links connections. 

 

6.9    Design rules for inverted pendulum structures 

(1)       In inverted pendulum structures (defined in 6.3.1(d)), the columns should be verified in 

compression considering the most unfavourable combination of the axial force and bending moments. 

(2)       In the checks, NEd, MEd, VEd should be computed as in 6.6.3. 

(3)       The non-dimensional slenderness of the columns should be limited to  

(4)       The interstorey drift sensitivity coefficient θ as defined in 4.4.2.2 should  be limited to θ ≤ 0,20. 

6.10  Design rules for steel structures with concrete cores or concrete walls and for moment 

resisting frames combined with concentric bracings or infills 

6.10.1  Structures with concrete cores or concrete walls 

(1)P     The steel elements shall be verified in accordance with this Section   and EN 1993, while the 

concrete elements shall be designed in accordance with Section 5. 

(2)P     The elements in which an interaction between steel and concrete exists shall be verified in 

accordance with Section 7. 

6.10.2  Moment resisting frames combined with concentric bracings 

(1)       Dual structures with both moment resisting frames and braced frames acting in the same 

direction should be designed using a single q factor. The horizontal forces should be distributed between 

the different frames according to their elastic stiffness. 

(2)       The moment resisting frames and the braced frames should conform to 6.6, 6.7 and 6.8. 
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6.10.3  Moment resisting frames combined with infills 

(1)P    Moment resisting frames in which reinforced concrete infills are positively connected to the steel 

structure shall be designed in accordance with Section 7. 

(2)P     The moment resisting frames in which the infills are structurally disconnected from the steel 

frame on the lateral and top sides shall be designed as steel structures. 

(3)       The moment resisting frames in which the infills are in contact with the steel frame, but are not 

positively connected to that frame, should satisfy the following rules: 

a) the infills should be uniformly distributed in elevation in order not to increase locally the ductility 

demand on the frame elements. If this is not verified, the building should be considered as non-regular in 

elevation; 

b) the frame-infill interaction should be taken into account. The internal forces in the beams and 

columns due to the diagonal strut action in the infills should be taken into account. The rules in 5.9 may 

be used to this end; 

c) the steel frames should be verified in accordance with the rules in this clause, while the reinforced 

concrete or masonry infills should be designed in accordance with this standard and in accordance with 

Sections 5 or 9. 

6.11  Control of design and construction 

(1)P   The control of design and construction shall ensure that the real structure corresponds to the 

designed structure. 

(2)       To  this  end,  in  addition  to  the  provisions  of  EN  1993,  the  following requirements should 

be met: 

a) the drawings made for fabrication and erection should indicate the details of connections, sizes and 

qualities of bolts and welds as well as the steel grades of the members, noting the maximum permissible 

yield stress fy,max of the steel to be used by the fabricator in the dissipative zones; 

b) the compliance of the materials with 6.2 should be checked; 

c) the control of the tightening of the bolts and of the quality of the welds should follow the rules in EN 

1090; 

d) during construction it should be ensured that the yield stress of the actual steel used does not exceed 

fymax noted on the drawings for dissipative zones by more than 10%. 

(3)P     Whenever  one  of  the  above  conditions  is  not  satisfied,  corrections  or justifications shall be 

provided in order to meet the requirements of this standard and assure the safety of the structure. 
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7 SPECIFIC RULES FOR COMPOSITE STEEL – CONCRETE BUILDINGS 

7.1 General 

7.1.1 Scope 

(1)P For  the  design  of  composite  steel  -  concrete  buildings,  EN  1994-1-1:2004 applies. The 

following rules are additional to those given in EN 1994-1-1:2004. 

(2) Except where modified by the provisions of this Section, the provisions of Sections 5 and 6 

apply. 

7.1.2 Design concepts 

(1)P Earthquake resistant composite buildings shall be designed in accordance with one of the 

following design concepts (see Table 7.1): 
 

− Concept a) Low-dissipative structural behaviour. 

− Concept b) Dissipative structural behaviour with composite dissipative zones; 

− Concept c) Dissipative structural behaviour with steel dissipative zones. 
 

Table 7.1: Design concepts, structural ductility classes and upper limit of reference values of the 

behaviour factors 

 
Design concept 

 
Structural ductility class

Range of the reference
values of the behaviour 

factor q 
Concept a) 
Low-dissipative  structural 
behaviour 

 
DCL (Low) 

 
≤ 1,5 - 2 

 
DCM (Medium) 

≤ 4 
also limited by the values 

of Table 13 

 
 
Concepts b) or c) 
Dissipative structural 
behaviour 

 

DCH (High) only limited by the 
values of Table 13 

 

(2)P     In concept a), the action effects may be calculated on the basis of an elastic analysis without 

taking into account non-linear material behaviour but considering the reduction in the moment of inertia 

due to the cracking of concrete in part of the beam spans, in accordance with the general structural 

analysis rules defined in 7.4 and to the specific rules defined in 7.7 to 7.11 related to each structural 

type. When using the design  spectrum  defined  in  3.2.2.5,  the  upper  limit  to  the  reference  value  of  

the behaviour factor q is taken between 1,5 and 2 (see Note 1 to (1) of this subclause). In case of 

irregularity in elevation the upper limit value of the behaviour factor q should be corrected as indicated 

in 4.2.3.1(7) but it need not be taken as being smaller than 1,5. 
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(3)       In concept a) the resistance of the members and of the connections should be evaluated in 

accordance with EN 1993 and EN 1994 without any additional requirements. For buildings which are 

not base-isolated (see Section 10), design to concept a) is recommended only for low seismicity cases 

(see 3.2.1(4)). 

(4)       In concepts b) and c), the capability of parts of the structure (dissipative zones) to resist 

earthquake actions through inelastic behaviour is taken into account. When using the design response 

spectrum defined in 3.2.2.5, the upper limit to the reference value of the behaviour factor q is taken as 

being greater than the upper value established in Table 7.1 and in Note 1 to (1) of this subclause for low 

dissipative structural behaviour. The upper limit value of q depends on the ductility class and the 

structural type (see 7.3). When adopting concepts b) or c) the requirements given in 7.2 to 7.12 should 

be fulfilled. 

(5)P     In concept c), structures are not meant to take advantage of composite behaviour in dissipative 

zones; the application of concept c) is conditioned by a strict compliance to measures that prevent 

involvement of the concrete in the resistance of dissipative zones. In concept c) the composite structure 

is designed in accordance with EN 1994-1-1:2004 under non seismic loads and in accordance with 

Section 6 to resist earthquake action. The measures preventing involvement of the concrete are  given in 

7.7.5. 

(6)P     The design rules for dissipative composite structures (concept b), aim at the development of 

reliable local plastic mechanisms (dissipative zones) in the structure and of a reliable global plastic 

mechanism dissipating as much energy as possible under the design earthquake action. For each 

structural element or each structural type considered in this Section, rules allowing this general design 

objective to be achieved are given in 7.5 to 7.11 with reference to what are called the specific criteria. 

These criteria aim at the development of a global mechanical behaviour for which design provisions can 

be given. 

(7)P     Structures designed in accordance with concept b) shall belong to structural ductility classes 

DCM or DCH. These classes correspond to increased ability of the structure to dissipate energy in 

plastic mechanisms. A structure belonging to a given ductility class shall meet specific requirements in 

one or more of the following aspects: class of steel sections, rotational capacity of connections and 

detailing. 

7.1.3    Safety verifications 

(1)P 5.2.4(1)P and 6.1.3(1)P and its Notes apply.  

(2) 5.2.4(2) applies. 

(3)       5.2.4(3) applies. 
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(4)       In the capacity design checks relevant for structural steel parts, 6.1.3(2) apply. 

7.2    Materials 

7.2.1    Concrete 

(1)       In dissipative zones, the prescribed concrete class should not be lower than C20/25. If the 

concrete class is higher than C40/50, the design is not within the scope of this standard. 

7.2.2    Reinforcing steel 

(1)P     For ductility class DCM the reinforcing steel taken into account in the plastic resistance of 

dissipative zones shall be of class B or C in accordance with EN 1992-1- 1:2004 Table C.1. For ductility 

class DCH the reinforcing steel taken into account in the plastic resistance of dissipative zones shall be 

of class C according to the same Table. 

(2)P     Steel of class B or C ( EN 1992-1-1:2004, Table C.1) shall be used in highly stressed regions of 

non dissipative structures. This requirement applies to both bars and welded meshes. 

(3)P     Except  for  closed  stirrups  or  cross  ties,  only  ribbed  bars  are  allowed  as reinforcing steel in 

regions with high stresses. 

(4)       Welded meshes not conforming to the ductility requirements of (1)P of this subclause should not 

be used in dissipative zones. If such meshes are used, ductile reinforcement duplicating the mesh should 

be placed and their resistance capacity accounted for in the capacity analysis. 

7.2.3    Structural steel 

(1)P     The requirements are those specified in 6.2. 

7.3    Structural types and behaviour factors 

7.3.1    Structural types 

(1)P     Composite steel-concrete structures shall be assigned to one of the following structural types 

according to the behaviour of their primary resisting structure under seismic actions: 

a)  Composite  moment  resisting  frames  are  those  with  the  same  definition  and limitations as in 

6.3.1(1)a, but in which beams and columns may be either structural steel or composite steel-concrete 

(see Figure 6.1); 

b)  Composite  concentrically  braced frames are those  with the  same  definition  and limitations as in 

6.3.1(1)b and Figures 6.2 and 6.3. Columns and beams may be either structural steel or composite steel-

concrete. Braces shall be structural steel; 

c) Composite eccentrically braced frames are those with the same definition and configurations as in 
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6.3.1(1)c and Figure 6.4. The members which do not contain the links may be either structural steel or 

composite steel-concrete. Other than for the slab, the links shall be structural steel. Energy dissipation 

shall occur only through yielding in bending or shear of these links; 

d) Inverted pendulum structures, have the same definition and limitations as in 6.3.1(1)d (see Figure 

6.5); 

e) Composite structural systems are those which behave essentially as reinforced concrete walls. The 

composite systems may belong to one of the following types: 

− Type 1 corresponds to a steel or composite frame working together with concrete infill panels 

connected to the steel structure (see Figure 7.1a); 

− Type 2 is a reinforced concrete wall in which encased steel sections connected to the concrete 

structure are used as vertical edge reinforcement (see Figure 7.1b); 

− Type  3,  steel  or  composite  beams  are  used  to  couple  two  or  more  reinforced concrete or 

composite walls (see Figure 7.2); 

f) Composite steel plate shear walls are those consisting of a vertical steel plate continuous over the 

height of the building with reinforced concrete encasement on one or both faces of the plate and of the 

structural steel or composite boundary members. 
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(2)       In all types of composite structural systems the energy dissipation takes place in the vertical steel 

sections and in the vertical reinforcements of the walls. In type 3 composite structural systems, energy 

dissipation may also take place in the coupling beams; 

(3)       If, in composite structural systems the wall elements are not connected to the steel structure, 

Sections 5 and 6 apply. 

7.3.2    Behaviour factors 

(1)       The behaviour factor q, introduced in 3.2.2.5, accounts for the energy dissipation capacity of the 

structure. For regular structural systems, the behaviour factor q should be taken with upper limits to the 

reference value which are given in Table 6.2 or in Table 7.2, provided that the rules in 7.5 to 7.11 are 

met. 

           Table 7.2: Upper limit value of response coefficient for structure system with regular 
property in elevation 

Structural plastic grade 
Type of structure 

DCM DCH 

 a), b), c) and d ) See Table 6.2 

 

3αu/α1 

 

4αu/α1 

 e) Combination wall 

      -  Combination wall (type 1 and type 2) 

      -  Combination wall or concrete wall linked by 
steel beams or combination beams (type 3) 3αu/α1 4.5αu/α1 

 f) Combination hard wall with type of steel sheet 
covered concrete 

3αu/α1 4αu/α1 

(2)       If the building is non-regular in elevation (see 4.2.3.3) the values of q listed in Table 6.2 and 

Table 7.2 should be reduced by 20 % (see 4.2.3.1(7) and Table 4.1). 

(3)       For buildings that are regular in plan, if calculations to evaluate αu/α1 (see 6.3.2(3)), are not 

performed, the approximate default values of the ratio αu/α1presented in Figures 6.1 to 6.8 may be used. 

For composite structural systems the default value may be taken as being αu/α1= 1,1. For composite steel 

plate shear walls the  default value may be taken as being αu/α1= 1,2. 

(4)       For buildings which are not regular in plan (see 4.2.3.2), the approximate value of αu/α1that may 

be used when calculations are not performed for its evaluation  are equal to the average of (a) 1,0 and of 

(b) the value given in (3) of this subclause. 

(5)       Values of αu/α1 higher than those given in (3) and (4) of this subclause  are allowed, provided that 

they are confirmed by calculating αu/α1with a nonlinear static (pushover) global analysis. 
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(6)       The maximum value of αu/α1that may be used in the design is equal to 1,6, even if the analysis 

mentioned in (5) of this subclause indicates higher potential values. 

7.4    Structural analysis 

7.4.1    Scope 

(1)       The following rules apply to the analysis of the structure under earthquake action with the lateral 

force analysis method and with the modal response spectrum analysis method. 

7.4.2    Stiffness of sections 

(1)       The stiffness of composite sections in which the concrete is in compression should be computed 

using a modular ratio n 

n = Ea / Ecm = 7                                                                                                             (7.1) 

(2)       For composite beams with slab in compression, the second moment of area of the section, 

referred to as I1, should be computed taking into account the effective width of slab defined in 7.6.3. 

(3)       The stiffness of composite sections in which the concrete is in tension should be computed 

assuming that the concrete is cracked and that only the steel parts of the section are active. 

(4)       For composite beams with slab in tension, the second moment of area of the section, referred to 

as I2, should be computed taking into account the effective width of slab defined in 7.6.3. 

(5)       The structure should be analysed taking into account the presence of concrete in compression in 

some zones and concrete in tension in other zones; the distribution of the zones is given in 7.7 to 7.11 for 

the various structural types. 

7.5 Design  criteria  and  detailing  rules  for  dissipative  structural  behaviour common to all 

structural types 

7.5.1    General 

(1)       The design criteria given in 7.5.2 should be applied to the earthquake-resistant parts of structures 

designed in accordance with the concept of dissipative structural behaviour. 

(2)       The design criteria given in 7.5.2 are deemed to be satisfied, if the rules given in 7.5.3 and 7.5.4 

and in 7.6 to 7.11 are observed. 

7.5.2    Design criteria for dissipative structures 

(1)P     Structures with dissipative zones shall be designed such that yielding or local buckling or other 

phenomena due to hysteretic behaviour in those zones do not affect the overall stability of the structure. 

NOTE The q factors given in Table 7.2 are deemed to conform to this requirement (see 2.2.2(2)). 
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(2)P     Dissipative zones shall have adequate ductility and resistance. The resistance shall be determined 

in accordance with EN 1993 and Section 6 for concept c) (see 7.1.2) and to EN 1994-1-1:2004 and 

Section 7 for concept b) (see 7.1.2). Ductility is achieved by compliance to detailing rules. 

(3)       Dissipative  zones  may  be  located  in  the  structural  members  or  in  the connections. 

(4)P     If dissipative zones are located in the structural members, the non-dissipative parts and the 

connections of the dissipative parts to the rest of the structure shall have sufficient overstrength to allow 

the development of cyclic yielding in the dissipative parts. 

(5)P     When dissipative zones are located in the connections, the connected members shall have 

sufficient overstrength to allow the development of cyclic yielding in the connections. 

7.5.3    Plastic resistance of dissipative zones 

(1)P     Two plastic resistances of dissipative zones are used in the design of composite steel - concrete 

structures: a lower bound plastic resistance (index: pl, Rd) and an upper bound plastic resistance (index: 

U, Rd). 

(2)P     The lower bound plastic resistance of dissipative zones is the one taken into account in design 

checks concerning sections of dissipative elements; e.g. MEd < Mpl,Rd. The lower bound plastic resistance 

of dissipative zones is computed taking into account the concrete component of the section and only the 

steel components of the section which are classified as ductile. 

(3)P     The upper bound plastic resistance of dissipative zones is the one used in the capacity design of 

elements adjacent to the dissipative zone: for instance in the capacity design verification of 4.4.2.3(4), 

the design values of the moments of resistance of beams are the upper bound plastic resistances, MU,Rd,b, 

whereas those of the columns are the lower bound ones, Mpl,Rd,c. 

(4)P     The upper bound plastic resistance is computed taking into account the concrete component of 

the section and all the steel components present in the section, including those that are not classified as 

ductile. 

(5)P     Action effects, which are directly related to the resistance of dissipative zones, shall be 

determined on the basis of the upper bound resistance of composite dissipative sections; e.g. the design 

shear force at the end of a dissipative composite beam shall be determined on the basis of the upper 

bound plastic moment of the composite section. 

7.5.4    Detailing rules for composite connections in dissipative zones 

(1)P     The design shall limit localization of plastic strains and high residual stresses and prevent 

fabrication defects. 
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(2)P     The integrity of the concrete in compression shall be maintained during the seismic event and 

yielding shall be limited to the steel sections. 

(3)       Yielding of the reinforcing bars in a slab should be allowed only if beams are designed to 

conform to 7.6.2(8). 

(4)       For the design of welds and bolts, 6.5 applies. 

(5)       The local design of the reinforcing bars needed in the concrete of the joint region should be 

justified by models that satisfy equilibrium (e.g. Annex C for slabs). 

(6)       6.5.5(6), 6.5.5(7) and Note 1 to 6.5.5 apply. 

(7)       In fully encased framed web panels of beam/column connections, the panel zone resistance may 

be computed as the sum of contributions from the concrete and steel shear panel, if all the following 

conditions are satisfied: 

a) the aspect ratio hb/hc of the panel zone is: 

0,6 < hb/hc < 1,4                                                                                                       (7.2)  

b) Vwp,Ed < 0,8 Vwp,Rd                                                                                                                                                (7.3)  

where 

Vwp,Ed   is the design shear force in the web panel due to the action effects, taking into account the plastic 

resistance of the adjacent composite dissipative zones in beams or connections; 

Vwp,Rd   is the shear resistance of the composite steel - concrete web panel in accordance with EN 1994-1-

1:2004; 

hb, hc     are as defined in Figure 7.3a). 

(8)       In partially encased stiffened web panels, an assessment similar to that in (7) of this subclause is 

permitted if, in addition to the requirements of (9), one of the following conditions is fulfilled: 

a) straight links of the type defined in 7.6.5(4) and complying with 7.6.5(5) and (6) are provided at a 

maximum spacing s1  = c in the partially encased stiffened web panel; these links are oriented 

perpendicularly to the longest side of the column web panel and no other reinforcement of the web panel 

is required; or 

b) no reinforcement is present, provided that hb/bb < 1,2 and hc/bc < 1,2  

where hb, bb, bc and hc are as defined in Figure 7.3a). 

(9)       When a dissipative steel or composite beam is framing into a reinforced concrete column as 

shown in Figure 7.3b), vertical column reinforcement with design axial strength at least equal to the 
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shear strength of the coupling beam should be placed close to the stiffener or face bearing plate adjacent 

to the dissipative zone. It is permitted to use vertical reinforcement placed for other purposes as part of 

the required vertical reinforcement. The presence of face bearing plates is required; they should be full 

depth stiffeners of a combined width not less than (bb – 2 t); their thickness should be not less than 0,75 t 

or 8 mm; bb and t are respectively the beam flange width and the panel web thickness (see Figure 7.3). 

(10)     When a dissipative steel or composite beam is framing into a fully encased composite column as 

shown at Figure 7.3c), the beam column connection may be designed either as a beam/steel column 

connection or a beam/composite column connection. In the latter case, vertical column reinforcements 

may be calculated either as in (9) of this subclause or by distributing the shear strength of the beam 

between the column steel section and the column reinforcement. In both instances, the presence of face 

bearing plates as described in (9) is required. 

(11)     The vertical column reinforcement specified in (9) and (10) of this subclause should  be  confined  

by  transverse  reinforcement  that  meets  the  requirements  for members defined in 7.6. 

7.6    Rules for members 

7.6.1    General 

(1)P     Composite members, which are primary seismic members, shall conform to EN 1994-1-1:2004 

and to additional rules defined in this Section. 

(2)P     The earthquake resistant structure is designed with reference to a global plastic mechanism 

involving local dissipative zones; this global mechanism identifies the members in which dissipative 

zones are located and indirectly the members without dissipative zones. 

(3)       For tension members or parts of members in tension, the ductility requirement of EN 1993-1-

1:2004, 6.2.3(3) should be met. 

(4)       Sufficient local ductility of members which dissipate energy under compression and/or bending 

should be ensured by restricting the width-to-thickness ratios of their walls. Steel dissipative zones and 

the not encased steel parts of composite members should meet the requirements of 6.5.3(1) and Table 

6.3. Dissipative zones of encased composite members should meet the requirements of Table 7.3. The 

limits given for flange outstands of partially or fully encased members may be relaxed if special details 

are provided as described in 7.6.4(9) and 7.6.5(4). 

(5)       More specific detailing rules for dissipative composite members are given in 7.6.2, 7.6.4, 7.6.5 

and 7.6.6. 

(6)       In the design of all types of composite columns, the resistance of the steel section alone or the 

combined resistances of the steel section and the concrete encasement or infill may be taken into 
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account. 

(7)       The design of columns in which the member resistance is taken to be provided only by the steel 

section may be carried out in accordance with the provisions of Section 6. In the case of dissipative 

columns, the capacity design rules in 7.5.2(4) and (5) and 7.5.3(3) should be satisfied. 

Table 7.3: Relation between behaviour factor and limits of wall slenderness 

 

 

Ductility Class of Structure
 

DCM
 

DCH 
 

Reference value of behaviour 
factor (q) 

 
q ≤ 1,5 - 2 

 
1,5 -2 < q < 4 

 
q > 4 

 

Partially Encased H or I Section 
 

Fully Encased H or I Section 
 
flange outstand limits c/tf:

 
 
 

20 ε 

 
 
 

14 ε 

 
 
 

9 ε 

 

Filled Rectangular Section 
 
h/t limits: 

 
 

52 ε 

 
 

38 ε 

 
 

24 ε 
 

Filled Circular Section 
 
d/t limits: 

 
 

90 ε2 

 
 

85 ε2 

 
 

80 ε2 

 

where 

ε = (fy/235)0,5 

c/tf is as defined in Figure 7.8 

d/t and h/t are the ratio between the maximum external dimension and the wall thickness 

(8)       For  fully  encased  columns  with  composite  behaviour,  the  minimum  cross- sectional 

dimensions b, h or d should be not less than 250 mm. 

(9)       The resistance, including shear resistance, of non-dissipative composite columns should be 

determined in accordance with the rules of EN 1994-1-1:2004. 

(10)     In columns, when the concrete encasement or infill are assumed to contribute to the axial and/or 

flexural resistance of the member, the design rules in 7.6.4 to 7.6.6 apply. These rules ensure full shear 

transfer between the concrete and the steel parts in a section and protect the dissipative zones against 

premature inelastic failure. 

(11)     For earthquake-resistant design, the design shear strength given in EN 1994-1-1:2004, Table 6.6, 

should be multiplied by a reduction factor of 0,5. 
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(12)     When, for capacity design purposes, the full composite resistance of a column is employed,  

complete  shear  transfer  between  the  steel  and  reinforced  concrete  parts should be ensured. If 

insufficient shear transfer is achieved through bond and friction, shear connectors should be provided to 

ensure full composite action. 

(13)     Wherever  a  composite  column  is  subjected  to  predominately  axial  forces, sufficient shear 

transfer should be provided to ensure that the steel and concrete parts share the loads applied to the 

column at connections to beams and bracing members. 
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(14)     Except at their base in some structural types, columns are generally not designed to be 
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dissipative. However, because of uncertainties in the behaviour, confining reinforcement is required in 

regions called “critical regions” as specified in 7.6.4. 

(15)     Subclauses 5.6.2.1 and 5.6.3 concerning anchorage and splices in the design of reinforced 

concrete columns apply also to the reinforcements of composite columns. 

7.6.2    Steel beams composite with slab 

(1)P     The design objective of this subclause is to maintain the integrity of the concrete slab during the 

seismic event, while yielding takes place in the bottom part of the steel section and/or in the rebars of the 

slab. 

(2)P     If it is not intended to take advantage of the composite character of the beam section for energy 

dissipation, 7.7.5 shall be applied. 

(3)       Beams intended to behave as composite elements in dissipative zones of the earthquake resistant 

structure may be designed for full or partial shear connection in accordance with EN 1994-1-1:2004. The 

minimum degree of connection ⎜ as defined in EN 1994-1-1:2004 6.6.1.2 should be not less than 0,8 and 

the total resistance of  the shear connectors within any hogging moment region not less than the plastic 

resistance of the reinforcement. 

(4)       The design resistance of connectors in dissipative zones is obtained from the design resistance 

provided in EN 1994-1-1:2004 multiplied by a reduction factor of 0,75. 

(5)       Full shear connection is required when non-ductile connectors are used. 

(6)       When a profiled steel sheeting with ribs transverse to the supporting beams is used, the reduction 

factor kt  of the design shear resistance of connectors given by EN 1994-1-1 should be further reduced by 

multiplying it by the rib shape efficiency factor kr given in Figure 7.4. 

 

(7)   To achieve ductility in plastic hinges, the ratio x/d of the distance x between the top concrete 

compression fibre and the plastic neutral axis, to the depth d of the composite section, should conform to 

the following expression: 

x/d < εcu2/ (εcu2+ εa)                                                                                                        (7.4) 
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where 

εcu2         is the ultimate compressive strain of concrete (see EN 1992-1-1:2004); 

εa              is the total strain in steel at Ultimate Limit State. 

(8)       The rule in (7) of this subclause is deemed to be satisfied when x/d of a section is less than the 

limits given in Table 7.4. 

Table 7.4: Limit values of x/d for ductility of beams with slab 

 

 
Ductility class

 
q

 
fy (N/mm2) 

 
x/d upper limit

 
1,5 < q ≤ 4 

 
355 

 
0,27 

 

 
 
DCM  

1,5 < q ≤ 4 
 

235 
 

0,36 
 

q > 4
 

355
 

0,20 
 
 
DCH  

q > 4
 

235
 

0,27 
(9)       In dissipative zones of beams, specific ductile steel reinforcement of the slab called “seismic 

rebars” (see Figure 7.5), should be present in the connection zone of the beam and the column. Its design 

and the symbols used in Figure 7.5 are specified in Annex C. 

 

(2)       The actual width b of each portion should be taken as half the distance from the web to the 

adjacent web, except that at a free edge the actual width is the distance from the web to the free edge. 
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(3)       The partial effective width be of the slab to be used in the determination of the elastic and plastic 

properties of the composite T sections made of a steel section connected to a slab are defined in Table 

7.5 and Figure 7.7. These values are valid for beams positioned as beams C in Figure 7.5 and if the 

design of the slab reinforcement and of the connection of the slab to the steel beams and columns are in 

accordance with Annex C. In Table 7.5 those moments which induce compression in the slab are 

considered as positive and those which induce tension in the slab are considered as negative. Symbols bb 

, hc , be , beff and l used in Tables 7.5 I and 7.5 II are defined in Figures 7.5, 7.6 and 7.7. bb  is the bearing 

width of the concrete of the slab on the column in the horizontal direction perpendicular to the beam for 

which the effective width is computed; this bearing width possibly includes additional plates or devices 

aiming at increased bearing capacity. 

7.6.4    Fully encased composite columns 

(1)       In dissipative structures, critical regions are present at both ends of all column clear lengths in 

moment frames and in the portion of columns adjacent to links in eccentrically braced frames. The 

lengths lcr  of these critical regions (in metres) are specified as follows:  

lcr = max (hc,lcl/6, 450mm) for DCM 

lcr = max (1,5hc,lcl/6, 600mm) for DCH 

where: 

hc is depth of the composite sections; 

lcl is the clearance height of the columns.  

(2)       To satisfy plastic rotation demands and to compensate for loss of resistance due to spalling of 

cover concrete, the following expression should be satisfied within the critical regions defined above: 

in which the variables are as defined in 5.4.3.2.2(8) and the normalised design axial force is defined as: 

 

in which the variables are as defined in 5.4.3.2.2(8) and the normalised design axial force νd is defined 

as: 

 

(3)       The spacing, s (in millimetres) of confining hoops in critical regions should not exceed: 

s = min(bo/2, 260, 9 dbL) in ductility class DCM;                                                        (7.7)  
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s = min(bo/2, 175, 8 dbL) in ductility class DCH                                                          (7.8)  

or at the lower part of the lower storey, in ductility class DCH 

s = min(bo/2, 150, 6dbL)                                                                                               (7.9) 

where 

bo is the minimum dimension of the concrete core (to the centreline of the hoops, in millimetres); 

d          is the diameter of the longitudinal rebars (in millimetres). 

dbL is the minimum diameter of the longitudinal rebars (in millimetres).  
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Table 7.5 I: Partial effective width be of slab for elastic analysis of the structure 

 

be Transverse element be for I (ELASTIC) 

At interior column Present or not present 

At exterior column Present 

For negative M- : 0,05 l 
 

For positive M+ : 0,0375 l 
 
At exterior column 

Not present, 
 

or re-bars not anchored 
For negative M- : 0 

 

For positive M+ : 0,025 l 
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Table 7.5 II: Partial effective width be of slab for evaluation of plastic 
moment resistance 

 

Sign of bending 
moment M 

Location Transverse element be for MRd 

(PLASTIC)
Negative M Interior 

column 
Seismic re-bars 0,1 l 

Negative M Exterior 
column 

All layouts with re-bars anchored to façade 
beam or to concrete cantilever edge strip 

0,1 l 

Negative M Exterior 
column 

All layouts with re-bars not anchored to 
façade beam or to concrete cantilever edge 
strip 

0,0 

Positive M Interior 
column 

Seismic re-bars 0,075 l 

Positive M Exterior 
column 

Steel transverse beam with connectors. 
Concrete slab up to exterior face of column 
of H section with strong axis oriented as in 
Fig. 7.5 or beyond (concrete edge strip). 
Seismic re-bars 

0,075 l 

Positive M Exterior 
column 

No steel transverse beam or steel transverse 
beam without connectors. 
Concrete slab up to exterior face of column 
of H section with strong axis oriented as in 
Fig. 7.5, or beyond (edge strip). 
Seismic re-bars 

bb/2 to 0,7 hc/2

Positive M Exterior 
column 

All other layouts. Seismic re-bars bb/2 ≤ be,max 

be,max =0,05l 
 

(4) The diameter of the hoops, dbw, (in millimetres) should be at least: 

dbw = 6 in ductility class DCM                                                                                   (7.10) 

dbw = max( 0,35 dbL,max[fydL/fydw]0,5, 6mm) in ductility class DCH                                  (7.11) 

where 

dbL,max  is the maximum diameter of the longitudinal rebars (in millimetres). 

(5)       In critical regions, the distance between consecutive longitudinal bars restrained by hoop bends 

or cross-ties should not exceed 250 mm in ductility class DCM or 200 mm in ductility class DCH. 

(6)       In the lower two storeys of a building, hoops in accordance with (3), (4) and (5) should be 

provided beyond the critical regions for an additional length equal to half the length of the critical 

regions. 

(7)       In dissipative composite columns, the shear resistance should be determined on the basis of the 

structural steel section alone. 

(8)       The relationship between the ductility class of the structure and the allowable slenderness (c/tf) of 

the flange outstand in dissipative zones is given in Table 7.3. 
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(9)       Confining hoops can delay local buckling in the dissipative zones. The limits given in Table 7.3 

for flange slenderness may be increased if the hoops are provided at a longitudinal spacing, s which is 

less than the flange outstand: s/c < 1,0. For s/c < 0,5 the limits given in Table 7.3 may be increased by 

up to 50%. For values of 0,5 < s/c < 1,0 linear interpolation may be used. 

(10) The diameter dbw of confining hoops used to prevent flange buckling should be not less than in  

 

which b and tf are the width and thickness of the flange respectively and fydf and fydw are the design yield 

strengths of the flange and reinforcement respectively. 

7.6.5    Partially-encased members 

(1)       In  dissipative  zones  where  energy  is  dissipated  by  plastic  bending  of  a composite section, 

the longitudinal spacing of the transverse reinforcement, s, should satisfy the requirements of 7.6.4(3) 

over a length greater or equal to lcr  for dissipative zones at the end of a member and 2lcr for dissipative 

zones in the member. 

(2)       In dissipative members, the shear resistance should be determined on the basis of the structural 

steel section alone, unless special details are provided to mobilise the shear resistance of the concrete 

encasement. 

(3)       The relationship between the ductility class of the structure and the allowable slenderness (c/t) of 

the flange outstand in dissipative zones is given in Table 7.3. 

(4)       Straight  links  welded  to  the  inside of  the  flanges, can delay local buckling in the dissipative 

zones. In this case, the limits given in Table 7.3 for flange slenderness may be increased if these bars are 

provided at a longitudinal spacing, s1. which is less than the flange outstand: s1/c < 1,0. For s1/c < 0,5 the 

limits given in Table 7.3 may be increased by up to 50%. For values of 0,5 < s1/c < 1,0 linear 

interpolation may be used. The additional straight links should also conform to the rules in (5) and (6) of 

this subclause. 
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(5)       The  diameter,  dbw,  of  the  additional  straight  links  referred  to  in (4) of this subclause should 

be at least 6 mm. When transverse links are employed to delay local flange buckling as described in (4), 

dbw  should be not less than the value given by expression (7.12). 

(6)       The additional straight links referred to in (4) should be welded to the flanges at both ends and 

the capacity of the welds should be not less than the tensile yield strength of the straight links. A clear 

concrete cover of at least 20 mm, but not exceeding 40 mm, should be provided to these links. 

(7)       The design of partially-encased composite members may take into account the resistance of the 

steel section alone, or the composite resistance of the steel section and of concrete encasement. 

(8)       The design of partially-encased members in which only the steel section is assumed to contribute 

to member resistance may be carried out in accordance with the provisions of Section 6, but the capacity 

design provisions of 7.5.2 and 7.5.3 should be applied. 

7.6.6    Filled Composite Columns 

(1)       The relationship between the ductility class of the structure and the allowable slenderness d/t or 

h/t is given in Table 7.3. 

(2)       The shear resistance of dissipative columns should be determined on the basis of the structural 

steel section or on the basis of the reinforced concrete section with the steel hollow section taken only as 

shear reinforcement. 

(3)      In non-dissipative members, the shear resistance of the column should be determined in 

accordance with EN 1994-1-1. 

7.7    Design and detailing rules for moment frames 

7.7.1    Specific criteria 
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(1)P     6.6.1(1)P applies. 

(2)P     The composite beams shall be designed for ductility and so that the integrity of the concrete is 

maintained. 

(3)       Depending on the location of the dissipative zones, either 7.5.2(4) or 7.5.2(5) applies. 

(4)       The required hinge formation pattern should be achieved by observing the rules given in 4.4.2.3, 

7.7.3, 7.7.4 and 7.7.5. 

7.7.2    Analysis 

(1)P The analysis of the structure shall be performed on the basis of the section properties defined in 

7.4. 

(2)       In beams, two different flexural stiffnesses should be taken into account: EI1 for the part of the 

spans submitted to positive bending (uncracked section) and EI2 for the part of the span submitted to 

negative (hogging) bending (cracked section). 

(3) The analysis may alternatively be performed taking into account for the entire beam an 

equivalent second moment of area Ieq constant for the entire span: 

Ieq = 0,6 I1 + 0,4 I2 (7.13) 

(4) For composite columns, the flexural stiffness is given by: 

(EI)c = 0,9( EIa + r Ecm Ic + E Is )                                                                               (7.14) 

where 

E and Ecm            are the modulus of elasticity for steel and concrete respectively; 

r          is the reduction factor depending on the type of column cross-section; 

Ia, Ic and Is denote the second moment of area of the steel section, of the concrete and of the rebars 

respectively. 

7.7.3    Rules for beams and columns 

(1)P Composite T beam design shall conform to 7.6.2. Partially encased beams shall conform to 7.6.5. 

(2)P     Beams shall be verified for lateral and lateral torsional buckling in accordance with EN 1994-1-1, 

assuming the formation of a negative plastic moment at one end of the beam. 

 

(3)       6.6.2(2) applies. 

(4) Composite trusses should not be used as dissipative beams.  

Information Center for Standards, Metrology and Quality- 8 Hoang Quoc Viet Street, Cau Giay, Hanoi, Vietnam, Tel: 844 37562608. 



TCVN 9386-1:2012 

 194

(5)P  6.6.3(1)P applies. 

(6) In columns where plastic hinges form as stated in 7.7.1(1), the verification should assume that 

Mpl,Rd is realised in these plastic hinges. 

(7)       The following expression should apply for all composite columns: 

NEd/Npl,Rd < 0,30 (7.15)  

(8) The resistance verifications of the columns should be made in accordance with EN 1994-1-

1:2004, 4.8. 

(9) The column shear force VEd (from the analysis) should be limited in accordance with expression 

(6.4). 

7.7.4    Beam to column connections 

(1)       The provisions given in 6.6.4 apply. 

7.7.5    Condition for disregarding the composite character of beams with slab. 

(1)P     The plastic resistance of a beam section composite with slab (lower or upper bound plastic 

resistance of dissipative zones) may be computed taking into account only the steel section (design in 

accordance with concept c) as defined in 7.1.2) if the slab is totally disconnected from the steel frame in 

a circular zone around a column of diameter 2beff, with beff  being the larger of the effective widths of the 

beams connected to that column. 

(2)       For the purposes of (1)P, "totally disconnected" means that there is no contact between slab and 

any vertical side of any steel element (e.g. columns, shear connectors, connecting plates, corrugated 

flange, steel deck nailed to flange of steel section). 

(3) In partially encased beams, the contribution of concrete between the flanges of the steel section 

should be taken into account. 

7.8    Design and detailing rules for composite concentrically braced frames 

7.8.1    Specific criteria 

(1)P     6.7.1(1)P applies. 

(2)P Columns and beams shall be either structural steel or composite. 

(3)P Braces shall be structural steel. 

(4)       6.7.1(2)P applies 

7.8.2    Analysis 

(1)       The provisions given in 6.7.2 apply. 
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7.8.3    Diagonal members 

(1)       The provisions given in 6.7.3 apply. 

7.8.4    Beams and columns 

(1)       The provisions given in 6.7.4 apply. 

7.9    Design and detailing rules for composite eccentrically braced frames 

7.9.1    Specific criteria 

(1)P Composite  frames  with  eccentric  bracings  shall  be  designed  so  that  the dissipative action 

will occur essentially through yielding in bending or shear of the links.  All  other  members  shall  

remain  elastic  and  failure  of  connections  shall  be prevented. 

(2)P     Columns, beams and braces shall be either structural steel or composite. 

(3)P     The braces, columns and beam segments outside the link segments shall be designed to remain 

elastic under the maximum forces that can be generated by the fully yielded and cyclically strain-

hardened beam link. 

(4)P     6.8.1(2)P applies. 

7.9.2    Analysis 

(1)P The analysis of the structure is based on the section properties defined in 7.4.2.  

(2) In beams, two different flexural stiffnesses are taken into account: EI1  for the part of the spans 

submitted to positive (sagging) bending (uncracked section) and EI2 for the part of the span submitted to 

negative (hogging) bending (cracked section). 

7.9.3    Links 

(1)P Links shall be made of steel sections, possibly composite with slabs. They may not be encased. 

(2) The rules on seismic links and their stiffeners given in 6.8.2 apply. Links should be of short or 

intermediate length with a maximum length e: 

−   In structures where two plastic hinges would form at link ends 

e = 2Mp, link/ Vp, link.                                                                                                                                                        (7.16) 

−   In structures where one plastic hinge would form at one end of a link 

e < Mp, link/ Vp, link (7.17)  

The definitions of Mp,link  and Vp,link  are given in 6.8.2(3). For Mp,link, only the steel components of the 

link section, disregarding the concrete slab, are taken into account in the evaluation. 
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(3)       When the seismic link frames into a reinforced concrete column or an encased column, face 

bearing plates should be provided on both sides of the link at the face of the column and in the end 

section of the link. These bearing plates should conform to 7.5.4. 

(4) The design of beam/column connections adjacent to dissipative links should conform to 7.5.4. 

(5) Connections should meet the requirements of the connections of eccentrically braced steel frames 

as in 6.8.4. 

7.9.4    Members not containing seismic links 

(1)       The members not containing seismic links should  conform to the rules in 6.8.3, taking into 

account the combined resistance of steel and concrete in the case of composite elements and the relevant 

rules for members in 7.6 and in EN 1994-1-1:2004. 

(2)      Where a link is adjacent to a fully encased composite column, transverse reinforcement meeting 

the requirements of 7.6.4 should be provided above and below the link connection. 

(3)       In  case  of  a  composite  brace  under  tension,  only  the  cross-section  of  the structural steel 

section should be taken into account in the evaluation of the resistance of the brace. 

7.10  Design and detailing rules for structural systems made of reinforced concrete shear walls 

composite with structural steel elements 

7.10.1  Specific criteria 

(1)P     The provisions in this subclause apply to composite structural systems belonging in one of the 

three types defined in 7.3.1e. 

(2)P     Structural system types 1 and 2 shall be designed to behave as shear walls and dissipate energy in 

the vertical steel sections and in the vertical reinforcement. The infills shall be tied to the boundary 

elements to prevent separation. 

(3)P     In structural system type 1, the storey shear forces shall be carried by horizontal shear in the wall 

and in the interface between the wall and beams. 
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(4)P     Structural system type 3 shall be designed to dissipate energy in the shear walls and in the 

coupling beams (see Figure 7.2). 

7.10.2  Analysis 

(1)P     The analysis of the structure shall be based on the section properties defined in Section 5 for 

concrete walls and in 7.4.2 for composite beams. 

(2)P     In structural systems of type 1 or type 2, when vertical fully encased or partially encased 

structural steel sections act as boundary members of reinforced concrete infill panels, the analysis shall 

be made assuming that the seismic action effects in these vertical boundary elements are axial forces 

only. 

(3)       These axial forces should be determined assuming that the shear forces are carried by the 

reinforced concrete wall and that the entire gravity and overturning forces are carried by the shear wall 

acting composedly with the vertical boundary members. 

(4)       In structural system of type 3, if composite coupling beams are used, 7.7.2(2) and (3) apply. 

7.10.3  Detailing rules for composite walls of ductility class DCM 

(1)P     The reinforced concrete infill panels in Type 1 and the reinforced concrete walls in Types 2 and 3 

shall meet the requirements of Section 5 for ductile walls of DCM. 

(2)P     Partially  encased  steel  sections  used  as  boundary  members  of  reinforced concrete panels 
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shall belong to a class of cross-section related to the behaviour factor of the structure as indicated in 

Table 7.3. 

(3)P     Fully encased structural steel sections used as boundary members in reinforced concrete panels 

shall be designed in accordance with 7.6.4. 

(4)P     Partially  encased  structural  steel  sections  used  as  boundary  members  of reinforced concrete 

panels shall be designed in accordance with 7.6.5. 

(5)       Headed shear studs or tie reinforcement (welded to, anchored through holes in the steel members 

or anchored around the steel member) should be provided to transfer vertical  and  horizontal  shear  

forces  between  the  structural  steel  of  the  boundary elements and the reinforced concrete. 

7.10.4  Detailing rules for coupling beams of ductility class DCM 

(1)P     Coupling beams shall have an embedment length into the reinforced concrete wall sufficient to 

resist the most adverse combination of moment and shear generated by the bending and shear strength of 

the coupling beam. The embedment length le shall be taken to begin inside the first layer of the confining 

reinforcement in the wall boundary member (see Figure 7.10). The embedment length le shall be not less 

than 1,5 times the height of the coupling beam. 

(2)P     The design of beam/wall connections shall conform to 7.5.4. 

(3)       The vertical wall reinforcements, defined in 7.5.4(9) and (10) with design axial strength equal to 

the shear strength of the coupling beam, should be placed over the embedment length of the beam with 

two-thirds of the steel located over the first half of the embedment length. This wall reinforcement 

should extend a distance of at least one anchorage length above and below the flanges of the coupling 

beam. It is permitted to use vertical reinforcement placed for other purposes, such as for vertical 

boundary members,  as  part  of  the  required  vertical  reinforcement.  Transverse  reinforcement should 

conform to 7.6. 

7.10.5  Additional detailing rules for ductility class DCH. 

(1)P     Transverse reinforcement for confinement of the composite boundary members, either partially 

or fully encased, shall be used. Reinforcement shall extend to a distance of 2h into the concrete walls 

where h is the depth of the boundary element in the plane of the wall (see Figure 7.9a) and b)). 

(2)P     The requirements for the links in frames with eccentric bracings apply to the coupling beams. 

7.11  Design and detailing rules for composite steel plate shear walls 

7.11.1  Specific criteria 

(1)P     Composite steel plate shear walls shall be designed to yield through shear of the steel plate. 
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(2)       The steel plate should be stiffened by one or two sided concrete encasement and attachment to 

the reinforced concrete encasement in order to prevent buckling of steel. 

7.11.2  Analysis 

(1) The  analysis  of  the  structure  should  be  based  on  the  materials  and  section properties 

defined in 7.4.2 and 7.6. 

7.11.3  Detailing rules 

(1)P It shall be checked that 

VEd < VRd                  (7.18) 

with the shear resistance given by: 

 

where 

fyd            is the design yield strength of the plate; and 

Apl           is the horizontal area of the plate. 

(2)P     The connections between the plate and the boundary members (columns and beams), as well as 

the connections between the plate and the concrete encasement, shall be designed such that full yield 

strength of the plate can be developed. 

(3)P     The steel plate shall be continuously connected on all edges to structural steel framing and 

boundary members with welds and/or bolts to develop the yield strength of the plate in shear. 

(4)P     The boundary members shall be designed to meet the requirements of 7.10. 

(5) The concrete thickness should be not less than 200 mm when it is provided on one side and 100 mm 

on each side when provided on both sides. 

(6)       The  minimum  reinforcement  ratio  in  both  directions  shall  be  not  less  than 0,25%. 

(7)       Openings in the steel plate shall be stiffened as required by analysis. 

7.12  Control of design and construction 

(1)       For the control of design and construction, 6.11 applies. 

8     SPECIFIC RULES FOR TIMBER BUILDINGS 

8.1    General 

8.1.1    Scope 
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(1)P For the design of timber buildings EN 1995 applies. The following rules are additional to those 

given in EN 1995. 

8.1.2    Definitions 

(1)P     The following terms are used in this section with the following meanings: 

static ductility 

ratio  between  the  ultimate  deformation  and  the  deformation  at  the  end  of  elastic behaviour 

evaluated in quasi-static cyclic tests (see 8.3(3)P); 

semi-rigid joints 

joints with significant flexibility, the influence of which has to be taken into account in structural 

analysis in accordance with EN 1995 (e.g. dowel-type joints); 

rigid joints 

joints with negligible flexibility in accordance with EN 1995 (e.g. glued solid timber joints); 

Dowel-type joints 

joints with dowel-type mechanical fasteners (nails, staples, screws, dowels, bolts etc.) 

loaded perpendicular to their axis; 

Carpenter joints 

joints, where loads are transferred by means of pressure areas and without mechanical fasteners (e.g. 

skew notch, tenon, half joint). 

8.1.3    Design concepts 

(1)P Earthquake-resistant timber buildings shall be designed in accordance with one of the following 

concepts: 

a) dissipative structural behaviour; 

b) low-dissipative structural behaviour. 

(2)       In concept a) the capability of parts of the structure (dissipative zones) to resist earthquake 

actions out of their elastic range is taken into account. When using the design spectrum defined in 

3.2.2.5, the behaviour factor q may be taken as being greater than 1,5. The value of q depends on the 

ductility class (see 8.3). 

(3)P     Structures designed in accordance with concept a) shall belong to structural ductility classes M or 

H. A structure belonging to a given ductility class shall meet specific requirements in one or more of the 
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following aspects: structural type, type and rotational ductility capacity of connections. 

(4)P     Dissipative zones shall be located in joints and connections, whereas the timber members 

themselves shall be regarded as behaving elastically. 

(5)       The properties of dissipative zones should be determined by tests either on single joints, on 

whole structures or on parts thereof in accordance with the Draft of EN 12512. 

(6)       In concept b) the action effects are calculated on the basis of an elastic global analysis without 

taking into account non-linear material behaviour. When using the design spectrum defined in 3.2.2.5, 

the behaviour factor q should not be taken greater than 1,5. The resistance of the members and 

connections should be calculated in accordance with EN 1995-1:2004 without any additional 

requirements. This concept is termed ductility class L (low) and is appropriate only for certain structural 

types (see Table 8.1). 

8.2    Materials and properties of dissipative zones 

(1)P     The relevant provisions of EN 1995 apply. With respect to the properties of steel elements, EN 

1993 applies. 

(2)P   When using the concept of dissipative structural behaviour, the following provisions apply: 

a) only materials and mechanical fasteners providing appropriate low cycle fatigue behaviour may be 

used in joints regarded as dissipative zones; 

b) glued joints shall be considered as non-dissipative zones; 

c) carpenter joints may only be used when they can provide sufficient energy dissipation capacity, 

without presenting risks of brittle failure in shear or tension perpendicular to the grain. The decision on 

their use shall be based on appropriate test results. 

(3)       (2)P a) of this subclause is deemed to be satisfied if 8.3(3)P is fulfilled. 

(4)       For sheathing-material in shear walls and diaphragms, (2)P a) is deemed to be satisfied, if the 

following conditions are met: 

a) particleboard-panels have a density of at least 650 kg/m3; 

b) plywood-sheathing is at least 9 mm thick; 

c) particleboard - and fibreboard-sheathing are at least 13 mm thick. 

(5)P     Steel material for connections shall conform to the following conditions: 

a) all connection elements made of steel shall fulfil the relevant requirements in EN 1993; 

b) The ductility properties of the connections in trusses and between the sheathing material and the 
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timber framing in Ductility Class M or H structures (see (8.3)) shall be tested for compliance with 

8.3(3)P by cyclic tests on the relevant combination of the connected parts and fastener. 

8.3    Ductility classes and behaviour factors 

(1)P     Depending on their ductile behaviour and energy dissipation capacity under seismic actions, 

timber buildings shall be assigned to one of the three ductility classes L, M or H as given in Table 8.1, 

where the corresponding upper limit values of the behaviour factors are also given. 

NOTE Geographical limitations on the use of ductility classes M and H may be found in the relevant National Annex. 
 
Table 8.1: Design concept, Structural types and upper limit values of the behaviour factors 

for the three ductility classes. 
 

 

Design concept and 
ductility class 

 

q 
 

Examples of structures 

 

Low capacity to dissipate 
energy - DCL 

 

1,5 
 

Cantilevers; Beams; Arches with two or three 
pinned joints; Trusses joined with connectors. 

 

2 
 

Glued wall panels with glued diaphragms, 
connected with nails and bolts; Trusses with 
doweled and bolted joints; Mixed structures 
consisting of timber framing (resisting the 
horizontal forces) and non-load bearing infill. 

 

Medium capacity to 
dissipate energy - DCM 

 

2,5 
 

Hyperstatic portal frames with doweled and 
bolted joints (see 8.1.3(3)P). 

 

3 
 

Nailed wall panels with glued diaphragms, 
connected with nails and bolts; Trusses with 
nailed joints. 

 

4 
 

Hyperstatic portal frames with doweled and 
bolted joints (see 8.1.3(3)P). 

 

High capacity to dissipate 
energy - DCH 

 

5 
 

Nailed wall panels with nailed diaphragms, 
connected with nails and bolts. 

 

(2)       If the building is non-regular in elevation (see 4.2.3.3) the q-values listed in Table 8.1 

should be reduced by 20%, but need not be taken less than q = 1,5 (see 4.2.3.1(7) and Table 4.1). 

(3)P     In order to ensure that the given values of the behaviour factor may be used, the dissipative 

zones shall be able to deform plastically for at least three fully reversed cycles at a static ductility 

ratio of 4 for ductility class M structures and at a static ductility ratio of 6 for ductility class H 

structures, without more than a 20% reduction of their resistance. 

(4)       The provisions of (3)P of this subclause and of 8.2(2) a) and 8.2(5) b) may be regarded as 

satisfied in the dissipative zones of all structural types if the following provisions are met: 

a)  in  doweled,  bolted  and  nailed  timber-to-timber  and  steel-to-timber  joints,  the minimum 

Information Center for Standards, Metrology and Quality- 8 Hoang Quoc Viet Street, Cau Giay, Hanoi, Vietnam, Tel: 844 37562608. 



TCVN 9386-1:2012 

 204

thickness of the connected members is 10d and the fastener-diameter d does not exceed 12 mm; 

b)  In  shear  walls  and  diaphragms,  the  sheathing  material  is  wood-based  with  a minimum 

thickness of 4d, where the nail diameter d does not exceed 3,1 mm. 

If the above requirements are not met, but the minimum member thickness of 8d and 3d for case a) and 

case b), respectively, is assured, reduced upper limit values for the behaviour factor q, as given in Table 

8.2, should be used. 
 

Table 8.2: Structural types and reduced upper limits of behaviour factors 
 

 

Structural types 
 

Behaviour factor q 
 

Hyperstatic portal frames with doweled and bolted joints 
 

2,5 
 

Nailed wall panels with nailed diaphragms 
 

4,0 
 
(5)       For structures having different and independent properties in the two horizontal directions, the q 

factors to be used for the calculation of the seismic action effects in each main direction should 

correspond to the properties of the structural system in that direction and can be different. 

 

8.4    Structural analysis 

(1)P     In the analysis the slip in the joints of the structure shall be taken into account.  

(2)P     An E0-modulus-value for instantaneous loading (10% higher than the short term one) shall be 

used. 

(3)       Floor diaphragms may be considered as rigid in the structural model without further 

verification, if both of the following conditions are met: 

a) the detailing rules for horizontal diaphragms given in 8.5.3 are applied; and 

b) their openings do not significantly affect the overall in-plane rigidity of the floors. 

8.5    Detailing rules 

8.5.1    General 

(1)P     The detailing rules given in 8.5.2 and 8.5.3 apply for earthquake-resistant parts of structures 

designed in accordance with the concept of dissipative structural behaviour (Ductility classes M and H). 

(2)P     Structures  with  dissipative  zones  shall  be  designed  so  that  these  zones  are located mainly 

in those parts of the structure where yielding or local buckling or other phenomena  due  to  hysteretic  

behaviour  do  not  affect  the  overall  stability  of  the structure. 

8.5.2    Detailing rules for connections 

(1)P     Compression members and their connections (e.g. carpenter joints), which may fail due to 

deformations caused by load reversals, shall be designed in such a way that they are prevented from 

separating and remain in their original position. 
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(2)P     Bolts and dowels shall be tightened and tight fitted in the holes. Large bolts and dowels (d > 16 

mm) shall not be used in timber-to-timber and steel-to-timber connections, except in combination with 

timber connectors. 

(3)       Dowels,  smooth  nails  and  staples  should  not  be  used  without  additional provision against 

withdrawal. 

(4)       In the case of tension perpendicular to the grain, additional provisions should be met to avoid 

splitting (e.g. nailed metal or plywood plates). 

8.5.3    Detailing rules for horizontal diaphragms 

(1)P     For horizontal diaphragms under seismic actions EN 1995-1-1:2004 applies with the following 

modifications: 

a) the increasing factor 1,2 for resistance of fasteners at sheet edges shall not be used; 

b) when the sheets are staggered, the increasing factor of 1,5 for the nail spacing along the discontinuous 

panel edges shall not be used; 

c) the distribution of the shear forces in the diaphragms shall be evaluated by taking into account the in-

plan position of the lateral load resisting vertical elements. 

(2)P     All sheathing edges not meeting on framing members shall be supported on and connected to 

transverse blocking placed between the wooden beams. Blocking shall also be provided in the 

horizontal diaphragms above the lateral load resisting vertical elements (e.g. walls). 

(3)P     The continuity of beams shall be ensured, including the trimmer joists in areas where the 

diaphragm is disturbed by holes. 

(4)P     Without intermediate transverse blocking over the full height of the beams, the height-to-width 

ratio (h/b) of the timber beams should be less than 4. 

(5)P     If ag.S  > 0,2g the spacing of fasteners in areas of discontinuity shall be reduced by 25%, but not 

to less than the minimum spacing given in EN 1995-1:2004. 

(6)P     When floors are considered as rigid in plan for structural analysis, there shall be no change of 

span-direction of the beams over supports, where horizontal forces are transferred to vertical elements 

(e.g. shear-walls). 

8.6    Safety verifications 

(1)P     The  strength  values  of  the  timber  material  shall  be  determined  taking  into account  the  

kmod-values  for  instantaneous  loading  in  accordance  with  EN  1995-1-1:2004. 

(2)P     For ultimate limit state verifications of structures designed in accordance with the concept of 

low-dissipative structural behaviour (Ductility class L), the partial factors for material properties γM for 

fundamental load combinations from EN 1995 apply. 

(3)P     For ultimate limit state verifications of structures designed in accordance with the concept of 
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dissipative structural behaviour (Ductility classes M or H), the partial factors for material properties γM 

for accidental load combinations from EN 1995 apply. 

(4)P     In order to ensure the development of cyclic yielding in the dissipative zones, all other structural 

members and connections shall be designed with sufficient overstrength. This overstrength requirement 

applies especially to: 
 

−   anchor-ties and any connections to massive sub-elements; 

−  connections  between  horizontal  diaphragms  and  lateral  load  resisting  vertical elements. 

(5)       Carpenter joints do not present risks of brittle failure if the verification of the shear stress in 

accordance with EN 1995 is made with an additional partial factor of 1,3. 

8.7    Control of design and construction 

(1)P     The provisions given in EN 1995 apply. 

(2)P     The following structural elements shall be identified on the design drawings and specifications 

for their special control during construction shall be provided: 

−   anchor-ties and any connections to foundation elements; 

−   diagonal tension steel trusses used for bracing; 

− connections  between  horizontal  diaphragms  and  lateral  load  resisting  vertical elements; 

− connections between sheathing panels and timber framing in horizontal and vertical diaphragms. 

(3)P     The special construction control shall refer to the material properties and the accuracy of 

execution. 
 

9     SPECIFIC RULES FOR MASONRY BUILDINGS 

9.1    Scope 

(1)P This section applies to the design of buildings of unreinforced, confined and reinforced 

masonry in seismic regions. 

(2)P For the design of masonry buildings EN 1996 applies. The following rules are additional to those 

given in EN 1996. 

9.2    Materials and bonding patterns 

9.2.1    Types of masonry units 

(1) Masonry units should have sufficient robustness in order to avoid local brittle failure. 
NOTE The National Annex may select the type of masonry units from EN 1996-1:2004, Table 3.1 that satisfy (1). 

9.2.2    Minimum strength of masonry units 

(1)       Except  in  cases  of  low  seismicity,  the  normalised  compressive  strength  of masonry units, 

derived in accordance with EN 772-1, should   be not less than the minimum values as follows: 
 

-  normal to the bed face: fb,min= = 5 N/mm2; 
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− parallel to the bed face in the plane of the wall:   fbh,min= 2 N/mm2 
 

9.2.3    Mortar 

(1) A minimum strength is required for mortar, fm,min, which generally exceeds the minimum specified 

in EN 1996. 
 

NOTE  The  recommended  value  is  fm,min   =  5  N/mm2   for  unreinforced  or  confined masonry and fm,min = 10 N/mm2 for 

reinforced masonry. 
 

9.2.4    Masonry bond 

(1)       There are three alternative classes of perpend joints: 

a) joints fully grouted with mortar; 

b) ungrouted joints; 

c) ungrouted joints with mechanical interlocking between masonry units. 

9.3    Types of construction and behaviour factors 

(1)       Depending on the masonry type used for the seismic resistant elements, masonry buildings 

should be assigned to one of the following types of construction: 

a) unreinforced masonry construction; 

b) confined masonry construction; 

c) reinforced masonry construction; 
 

NOTE  1  Construction  with  masonry  systems  which  provide  an  enhanced  ductility  of  the structure is also included (see 

Note 2 to Table 9.1). 

NOTE 2 Frames with infill masonry are not covered in this section. 

 

 

 

 

 
Table 9.1: Types of construction and upper limit of the behaviour factor 

 
 

Type of construction 
 

Behaviour factor q 
 

Unreinforced masonry in accordance with EN 
1996 alone (recommended only for low seismicity 
cases). 

 

1,5 

 

Unreinforced masonry in accordance with EN 
1998-1 

 

1,5 - 2,5 

 

Confined masonry 
 

2,0 – 3,0 
 

Reinforced masonry 
 

2,5 - 3,0 
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NOTE 1 The recommended values are the lower limits of the ranges in Table 9.1. 

NOTE 2 For buildings constructed with masonry systems which provide an enhanced ductility of the structure, specific 

values of the behaviour factor q may be used, provided that the system and the related values for q are verified 

experimentally.  

(2) Due to its low tensile strength and low ductility, unreinforced masonry that follows the provisions of 

EN 1996 alone is considered to offer low-dissipation capacity (DCL) and its use should be limited, 

provided that the effective thickness of walls, tef, is not less than a minimum value, tef,min. 

NOTE 1 The conditions under which unreinforced masonry that follows the provisions of EN 

1996 alone may be used in a country, may be found in its National Annex to this document. Such use is recommended only in 

low seismicity cases (see 3.2.1(4)) 

NOTE 2 The recommended values of tef,min are those in the 2nd column, 2nd and 3rd rows of Table 9.2. 

(3)       For the reasons noted in (2) of this subclause, unreinforced masonry satisfying the provisions of 

the present Eurocode may not be used if the value of ag.S, exceeds a certain limit, ag,urm. 

NOTE The value ascribed to ag,urm should be consistent with the values adopted for the minimum strength of masonry units, 

fb,min, fbh,min  and of mortar, fm,min. For the values recommended in the Notes to 9.2.2 and 9.2.3, the recommended value of ag,urm 

is 0,20 g. 

(4)       For types a) to c) the ranges of permissible values of the upper limit value of the behaviour factor 

q are given in Table 9.1. 

9.4    Structural analysis 

(1)P     The structural model for the analysis of the building shall represent the stiffness properties of the 

entire system. 

(2)P     The stiffness of the structural elements shall be evaluated taking into account both their flexural 

and shear flexibility and, if relevant, their axial flexibility. Uncracked elastic stiffness may be used for 

analysis or, preferably and more realistically, cracked stiffness in order to account for the influence of 

cracking on deformations and to better approximate the slope of the first branch of a bilinear force-

deformation model for the structural element. 

(3)       In the absence of an accurate evaluation of the stiffness properties, substantiated by rational 

analysis, the cracked bending and shear stiffness may be taken as one half of the gross section uncracked 

elastic stiffness. 

(4)       In the structural model masonry spandrels may be taken into account as coupling beams between 

two wall elements if they are regularly bonded to the adjoining walls and connected both to the floor tie 

beam and to the lintel below. 

(5)       If the structural model takes into account the coupling beams, a frame analysis may be used for 
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the determination of the action effects in the vertical and horizontal structural elements. 

(6)       The base shear in the various walls, as obtained by the linear analysis described in Section 4, may 

be redistributed among the walls, provided that: 

a) the global equilibrium is satisfied (i.e. the same total base shear and position of the force resultant is 

achieved); 

b) the shear in any wall is neither reduced more than 25 %, nor increased by more than 33%; and 

c) the consequences of the redistribution for the diaphragm(s) are taken into account. 

9.5 Design criteria and construction rules 

9.5.1 General 

(1)P Masonry buildings shall be composed of floors and walls, which are connected in two orthogonal 

horizontal directions and in the vertical direction. 

(2)P The connection between the floors and walls shall be provided by steel ties or reinforced 

concrete ring beams. 

(3) Any type of floors may be used, provided that the general requirements of continuity and 

effective diaphragm action are satisfied. 

(4)P Shear walls shall be provided in at least  two orthogonal directions. 

(5) Shear walls should  conform to certain geometric requirements, namely: 

a) the effective thickness of shear walls, tef, may not be less than a minimum value, tef,min; 

b) the ratio hef /tef of the  effective wall height (see EN 1996-1-1:2004) to its effective thickness may not 

exceed a maximum value, (hef /tef)max; and 

c) the ratio of the length of the wall, l, to the greater clear height, h, of the openings adjacent to the wall, 

may not be less than a minimum value, (l/h)min. The recommended values of tef,min, (hef /tef)max and (l/h)min are listed 

in Table 9.2. 
 

Table 9.2: Recommended geometric requirements for shear walls 
 

 

Masonry type 
 

tef,min (mm) 
 

(hef /tef)max 
 

(l/h)min 
 

Unreinforced, with natural stone units 
 

350 
 

9 
 

0,5 
 

Unreinforced, with any other type of units 
 

240 
 

12 
 

0,4 
 

Unreinforced, with any other type of units, 
in cases of low seismicity 

 
170 

 
15 

 
0,35 

 

Confined masonry 
 

240 
 

15 
 

0,3 
 

Reinforced masonry 
 

240 
 

15 
 

No restriction 
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Symbols used have the following meaning: 
 

tef thickness of the wall (see EN 1996-1-1:2004); 
 

hef    effective height of the wall (see EN 1996-1-1:2004); 
 

h greater clear height of the openings adjacent to the wall; 
 

l length of the wall. 
 

(6)       Shear walls not conforming to the minimum geometric requirements of (5) of this subclause may 

be considered as secondary seismic elements. They should conform to 9.5.2(1) and (2). 

9.5.2    Additional requirements for unreinforced masonry satisfying EN 1998-1 

(1)       Horizontal concrete beams or,  alternatively, steel ties should be placed in the plane of the wall at 

every floor level and in any case with a vertical spacing not more than 4 m. These beams or ties should 

form continuous bounding elements physically connected to each other . 

NOTE Beams or ties continuous over the entire periphery are essential. 

(2)       The horizontal concrete beams should have longitudinal reinforcement with a cross-sectional area 

of not less than 200 mm2. 

9.5.3    Additional requirements for confined masonry 

(1)P     The horizontal and vertical confining elements shall be bonded together and anchored to the 

elements of the main structural system. 

(2)P     In order to obtain an effective bond between the confining elements and the masonry, the 

concrete of the confining elements shall be cast after the masonry has been built. 

(3)       The  cross-sectional  dimensions  of  both  horizontal  and  vertical  confining elements may not 

be less than 150 mm. In double-leaf walls the thickness of confining elements should assure the 

connection of the two leaves and their effective confinement. 

(4)       Vertical confining elements should be placed: 

−   at the free edges of each structural wall element; 

−   at both sides of any wall opening with an area of more than 1,5 m2; 

−    within the wall if necessary in order not to exceed a spacing of 5 m between the confining elements; 

−  at the intersections of structural walls, wherever the confining elements imposed by the above rules 

are at a distance larger than 1,5 m. 

(5) Horizontal confining elements shall be placed in the plane of the wall at every floor level and in 

any case with a vertical spacing of not more than 4 m. 

(6)       The longitudinal reinforcement of confining elements may not have a cross- sectional  area  less  
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than  300  mm2,  nor  than  1%  of  the  cross-sectional  area  of  the confining element. 

(7) Stirrups not less than 5 mm in diameter and spaced not more than 150 mm should be provided 

around the longitudinal reinforcement. 

(8)       Reinforcing steel should be of Class B or C in accordance with   EN 1992-1- 1:2004, Table C.1. 

(9)       Lap splices may not be less than 60 bar diameters in length. 

9.5.4    Additional requirements for reinforced masonry 

(1) Horizontal  reinforcement  should  be  placed  in  the  bed  joints  or  in  suitable grooves in the 

units, with a vertical spacing not exceeding 600 mm. 

(2) Masonry units with recesses should accommodate the reinforcement needed in lintels and 

parapets. 

(3) Reinforcing steel bars of not less than 4 mm diameter, bent around the vertical bars at the edges 

of the wall, should be used. 

(4) The minimum percentage of horizontal reinforcement in the wall, normalised with respect to the 

gross area of the section, should not be less than 0,05 %. 

(5)P High percentages of horizontal reinforcement leading to compressive failure of the units prior to 

the yielding of the steel, shall be avoided. 

(6) The vertical reinforcement spread in the wall, as a percentage of the gross area of the horizontal 

section of the wall, should not be less than 0,08%. 

(7) Vertical reinforcement should be located in pockets, cavities or holes in the units. 

(8)       Vertical reinforcements with a cross-sectional area of not less than 200 mm2 

should be arranged: 

−   at both free edges of every wall element; 

−   at every wall intersection; 

−   within  the  wall,  in  order  not  to  exceed  a  spacing  of  5  m  between  such reinforcements. 

(9)       9.5.3(7), (8) and (9) apply. 

(10)P   The  parapets  and  lintels  shall  be  regularly  bonded  to  the  masonry  of  the adjoining walls 

and linked to them by horizontal reinforcement. 

9.6    Safety verification 

(1)P    The verification of the building’s safety against collapse shall be explicitly provided, except for 
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buildings satisfying the rules for "simple masonry buildings” given in 9.7.2. 

(2)P     For the verification of safety against collapse, the design resistance of each structural element 

shall be evaluated in accordance with EN 1996-1-1:2004. 

(3)       In  ultimate  limit  state  verifications  for  the  seismic  design  situation,  partial factors γm for 

masonry properties and γs for reinforcing steel should be used. 

NOTE   The recommended value for γm is 2/3 of the value specified in the National Annex to EN 1996-1-1:2004, but not less 

than 1,5. The recommended value for γs is 1,0. 

9.7    Rules for “simple masonry buildings” 

9.7.1    General 

(1)       Buildings belonging to importance classes I or II and   conforming to 9.2, 9.5 and 9.7.2 may be 

classified as “simple masonry buildings”. 

(2)       For such buildings an explicit safety verification in accordance with 9.6 is not mandatory. 

9.7.2    Rules 

(1)       Depending on the product agS at the site and the type of construction,  the allowable number of 

storeys above ground, n, should be limited and walls in  two orthogonal directions with a minimum total 

cross-sectional area Amin, in each direction, should be provided. The minimum cross-sectional area is 

expressed as a  minimum percentage, pA,min, of the total floor area per storey. 

NOTE These values, which depend also on a corrective factor k, are based on a minimum unit strength of 12 N/mm² for 

unreinforced masonry and 5 N/mm² for confined and reinforced masonry, respectively. 

For buildings where at least 70% of the shear walls under consideration are longer than 2m, the factor k is given by k = 1+ (lav 

– 2)/4 ≤ 2 where lav is the average length, expressed in m, of the shear walls considered. For other cases k = 1. 

Independently of the value of k, the limitation of use of unreinforced masonry presented in 9.3(3) should be respected. 

Table 9.3: Recommended allowable number of storeys above ground and minimum area of shear walls for "simple 

masonry buildings" 
 

 

Acceleration at site ag.S 
 

< 0,07 k.g 
 

< 0,10 k.g 
 

< 0,15 k.g 
 

< 0,20 k.g 
 

Type of 
construction 

 

Number of 
storeys (n)** 

 

Minimum sum of cross-sections areas of horizontal shear walls in 
each direction, as percentage of the total floor area per storey (pA,min), 
% 

 
 
Unreinforced 
masonry 

 

1 
2 
3 
4 

 

2,0% 
2,0% 
3,0% 
5,0 % 

 

2,0% 
2,5% 
5,0% 
n/a* 

 

3,5% 
5,0% 
 n/a  
n/a 

 

n/a 
n/a 
n/a 
n/a 
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Confined 
masonry 

 

2 
3 
4 
5 

 

2,0% 
2,0% 
4,0% 
6,0% 

 

2,5% 
3,0% 
5,0% 
n/a 

 

3,0% 
4,0% 
 n/a  
n/a 

 

3,5% 
n/a 
n/a 
n/a 

 
Reinforced 
masonry 

 

2 
3 
4 
5 

 

2,0% 
2,0% 
3,0% 
4,0% 

 

2,0% 
2,0% 
4,0% 
5,0% 

 

2,0% 
3,0% 
5,0% 
n/a 

 

3,5% 
5,0% 
n/a 
n/a 

* n/a means “not acceptable”. 
 

** Roof space above full storeys is not included in the number of storeys. 
 

 

 
(2)       The plan configuration of the building should fulfil all the following conditions: 

a) The plan should be approximately rectangular; 

b) The ratio between the length of the small side and the length of the long side in plan should be not 

less than a minimum value, λmin; 

NOTE The recommended value of λmin is 0,25. 

c) The area of projections of recesses from the rectangular shape should be  not greater than a percentage 

pmax of the total floor area above the level considered. 

NOTE The recommended value is 15%. 

(3)       The shear walls of the building should fulfil all of the following conditions: 

a) the building should be stiffened by shear walls, arranged almost symmetrically in plan in two 

orthogonal directions; 

b) a minimum of two parallel walls should be placed in two orthogonal directions, the length of each 

wall being greater than 30 % of the length of the building in the direction of the wall under 

consideration; 

c) at least for the walls in one direction, the distance between these walls  should be greater than 75 % of 

the length of the building in the other direction; 

d) at least 75 % of the vertical loads should be supported by the shear walls; 

e) shear walls should be continuous from the top to the bottom of the building. 

 

(4)       In cases of low seismicity (see 3.2.1(4)) the wall length required in (3)b of this subclause may be 

provided by the cumulative length of the shear walls (see 9.5.1(5)) in one axis, separated by openings. In 

this case, at least one shear wall in each direction should have a length, l, not less than that 

corresponding to twice the minimum value of l/h defined in 9.5.1(5)c. 
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(5)       In  both  orthogonal  horizontal  directions  the  difference  in  mass  and  in  the horizontal shear 

wall cross-sectional area between adjacent storeys should be limited to a maximum value of Δm,max and 

ΔA,max. 

NOTE The recommended values are Δm,max  = 20%, ΔA,max  = 20%. 

(6)       For unreinforced masonry buildings, walls in one direction should be connected with walls in the 

orthogonal direction at a maximum spacing of 7 m. 

10   BASE ISOLATION 

10.1  Scope 

(1)P     This section covers the design of seismically isolated structures in which the isolation system, 

located below the main mass of the structure, aims at reducing the seismic response of the lateral-force 

resisting system. 

(2)       The reduction of the seismic response of the lateral-force resisting system may be obtained by 

increasing the fundamental period of the seismically isolated structure, by modifying the shape of the 

fundamental mode and by increasing the damping, or by a combination of these effects. The isolation 

system may consist of linear or non-linear springs and/or dampers. 

(3)       Specific rules concerning base isolation of buildings are given in this section. 

(4)       This section does not cover passive energy dissipation systems that are not arranged on a single 

interface, but are distributed over several storeys or levels of the structure. 

10.2  Definitions 

(1)P     The following terms are used in this section with the following meanings: 

isolation system 

collection of components used for providing seismic isolation, which are arranged over the isolation 

interface 

NOTE These are usually located below the main mass of the structure. 

isolation interface 

surface which separates the substructure and the superstructure and where the isolation system is 

located. 

NOTE Arrangement of the isolation interface at the base of the structure is usual in buildings, tanks and silos. In bridges the 

isolation system is usually combined with the bearings and the isolation interface lies between the deck and the piers or 

abutments. 

isolator units 
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elements constituting the isolation system. 

The devices considered in this section consist of laminated elastomeric bearings, elasto- plastic devices, 

viscous or friction dampers, pendulums, and other devices the behaviour of which conforms to 10.1(2). 

Each unit provides a single or a combination of the following functions: 

− vertical–load carrying capability combined with increased lateral flexibility and high vertical rigidity; 

−   energy dissipation, hysteretic or viscous; 

−   recentering capability; 

−   lateral restraint (sufficient elastic stiffness) under non-seismic service lateral loads.  

Substructure 

part  of  the  structure  which  is  located  under  the  isolation  interface,  including  the foundation 

NOTE The lateral flexibility of the substructure(s) is generally negligible in comparison to that of the isolation system, but 

this is not always the case (for instance in bridges). 

Superstructure 

part of the structure which is isolated and is located above the isolation interface 

Full isolation 

the superstructure is fully isolated if, in the design seismic situation, it remains within the elastic range. 

Otherwise, the superstructure is partially isolated. 

Effective stiffness centre 

stiffness centre calculated at the upper face of the isolation interface, i.e. including the flexibility of the 

isolator units and of the substructure(s). 

NOTE In buildings, tanks and similar structures, the flexibility of the substructure may be neglected in the determination of 

this point, which then coincides with the stiffness centre of the isolator units. 

Design displacement (of the isolation system in a principal direction) 

maximum horizontal displacement at the effective stiffness centre between the top of the  substructure  

and  the  bottom  of  the  superstructure,  occurring  under  the  design seismic action 

Total design displacement (of an isolator unit in a principal direction) 

maximum horizontal displacement at the location of the unit, including that due to the design 

displacement and to the global rotation due to torsion about the vertical axis 

Effective stiffness (of the isolation system in a principal direction) 
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ratio of the value of the total horizontal force transferred through the isolation interface when the design 

displacement takes place in the same direction, divided by the absolute value of that design displacement 

(secant stiffness). 

NOTE The effective stiffness is generally obtained by iterative dynamic analysis. 

Effective Period 

fundamental period, in the direction considered, of a single degree of freedom system having the mass of 

the superstructure and stiffness equal to the effective stiffness of the isolation system; 

Effective damping (of the isolation system in a principal direction) 

value of the effective viscous damping that corresponds to the energy dissipated by the isolation system 

during cyclic response at the design displacement. 

10.3  Fundamental requirements 

(1)P The fundamental requirements in 2.1 and in the relevant Parts of this Eurocode, according to the 

type of structure considered, shall be satisfied. 

(2)P     Increased reliability is required for the isolating devices. This shall be effected by applying a 

magnification factor γx on seismic displacements of each unit. 

NOTE The value to be ascribed to γx depending on the type of isolating device used. For buildings the recommended value is 

γx =1,2. 

10.4  Compliance criteria 

(1)P     In order to conform to the fundamental requirements, the limit states defined in 2.2.1(1) shall be 

checked. 

(2)P     At the damage limitation state, all lifelines crossing the joints around the isolated structure shall 

remain within the elastic range. 

(3)       In  buildings,  at  the  damage  limitation  state,  the  interstorey  drift  should  be limited in the 

substructure and the superstructure in accordance with 4.4.3.2. 

(4)P     At the ultimate limit state, the ultimate capacity of the isolating devices in terms of strength and 

deformability shall not be exceeded, with the relevant safety factors (see 10.10(6)P). 

(5)       Only full isolation is considered in the present section. 

(6)       Although  it  may  be  acceptable  that,  in  certain  cases,  the  substructure  has inelastic 

behaviour, it is considered in the present section that it remains in the elastic range. 

(7)       At  the  Ultimate  limit  state,  the  isolating  devices  may  attain  their  ultimate capacity, while 
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the superstructure and the substructure remain in the elastic range. Then there is no need for capacity 

design and ductile detailing in either the superstructure or the substructure. 

(8)P     At the Ultimate limit state, gas lines and other hazardous lifelines crossing the joints separating 

the superstructure from the surrounding ground or constructions shall be designed to accommodate 

safely the relative displacement between the isolated superstructure and the surrounding ground or 

constructions, taking into account the γx factor defined in 10.3(2)P. 

10.5  General design provisions 

10.5.1  General provisions concerning the devices 

(1)P     Sufficient space between the superstructure and substructure shall be provided, together with 

other necessary arrangements, to allow inspection, maintenance and replacement of the devices during 

the lifetime of the structure. 

(2)       If necessary, the devices should be protected from potential hazardous effects, such as fire, and 

chemical or biological attack. 

(3)       Materials used in the design and construction of the devices should conform to the relevant 

existing norms. 

10.5.2  Control of undesirable movements 

(1)       To minimise torsional effects, the effective stiffness centre and the centre of damping of the 

isolation system should be as close as possible to the projection of the centre of mass on the isolation 

interface. 

(2)       To minimise different behaviour of isolating devices, the compressive stress induced in them by 

the permanent actions should be as uniform as possible. 

(3)P     Devices shall be fixed to the superstructure and the substructure. 

(4)P     The isolation system shall be designed so that shocks and potential torsional movements are 

controlled by appropriate measures. 

(5)       Requirement (4)P concerning shocks is deemed to be satisfied if potential shock effects are 

avoided through appropriate devices (e.g. dampers, shock-absorbers, etc.). 

10.5.3  Control of differential seismic ground motions 

(1)       The structural elements located above and below the isolation interface should be sufficiently 

rigid in both horizontal and vertical directions, so that the effects of differential seismic ground 

displacements are minimised. This does not apply to bridges or elevated structures, where the piles and 
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piers located under the isolation interface may be deformable. 

(2)       In buildings, (1) is considered satisfied if all the conditions stated below are satisfied: 

a)  A rigid diaphragm is provided above and under the isolation system, consisting of a reinforced 

concrete slab or a grid of tie-beams, designed taking into account all relevant local and global modes of 

buckling. This rigid diaphragm is not necessary if the structures consist of rigid boxed structures; 

b)    The devices constituting the isolation system are fixed at both ends to the rigid diaphragms defined 

above, either directly or, if not practicable, by means of vertical elements, the relative horizontal 

displacement of which in the seismic design situation should be lower than 1/20 of the relative 

displacement of the isolation system. 

10.5.4  Control of displacements relative to surrounding ground and constructions 

(1)P     Sufficient space shall be provided between the isolated superstructure and the surrounding 

ground or constructions, to allow its displacement in all directions in the seismic design situation. 

10.5.5  Conceptual design of base isolated buildings 

(1)       The principles of conceptual design for base isolated buildings should be based on those in 

Section 2 and in 4.2, with additional provisions given in this section. 

10.6  Seismic action 

(1)P     The two horizontal and the vertical components of the seismic action shall be assumed to act 

simultaneously. 

(2)       Each component of the seismic action is defined in 3.2, in terms of the elastic spectrum for the 

applicable local ground conditions and design ground acceleration ag. 

(3)       In buildings of importance class IV, site-specific spectra including near source effects should also 

be taken into account, if the building is located at a distance less than 15 km from the nearest potentially 

active fault with a magnitude Ms ≥ 6,5. Such spectra should not be taken as being less than the standard 

spectra defined in (2)  of this subclause. 

(4)       In buildings, combinations of the components of the seismic action are given in 4.3.3.5. 

(5)       If  time-history  analyses  are  required,  a  set  of  at  least  three  ground  motion records should 

be used and should  conform to the requirements of 3.2.3.1 and 3.2.3.2. 

10.7  Behaviour factor 

(1)P     Except as provided in 10.10(5), the value of the behaviour factor shall be taken as being equal to 

q = 1. 
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10.8  Properties of the isolation system 

(1)P     Values of physical and mechanical properties of the isolation system to be used in the analysis 

shall be the most unfavourable ones to be attained during the lifetime of the structure. They shall reflect, 

where relevant, the influence of: 

−   rate of loading; 

−   magnitude of the simultaneous vertical load; 

−   magnitude of simultaneous horizontal load in the transverse direction; 

−    temperature; 

−   change of properties over projected service life. 

(2)       Accelerations and inertia forces induced by the earthquake should be evaluated taking into 

account the maximum value of the stiffness and the minimum value of damping and friction coefficients. 

(3)       Displacements should be evaluated taking into account the minimum value of stiffness, damping 

and friction coefficients. 

(4)       In  buildings  of  importance  classes  I  or  II,  mean  values  of  physical  and mechanical 

properties may be used, provided that extreme (maximum or minimum) values do not differ by more 

than 15% from the mean values. 

10.9  Structural analysis 

10.9.1  General 

(1)P     The dynamic response of the structural system shall be analysed in terms of accelerations, inertia 

forces and displacements. 

(2)P     In buildings, torsional effects, including the effects of the accidental eccentricity defined in 4.3.2, 

shall be taken into account. 

(3)       Modelling of the isolation system should reflect with a sufficient accuracy the spatial distribution 

of the isolator units, so that the translation in both horizontal directions, the corresponding overturning 

effects and the rotation about the vertical axis are adequately accounted for. It should reflect adequately 

the characteristics of the different types of units used in the isolation system. 

10.9.2  Equivalent linear analysis 

(1)       Subject to the conditions in (5) of this subclause, the isolation system may be modelled with 

equivalent linear visco-elastic behaviour, if it consists of devices such as laminated elastomeric bearings, 

or with bilinear hysteretic behaviour if the system consists of elasto-plastic types of devices. 
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(2)       If an equivalent linear model is used, the effective stiffness of each isolator unit (i.e. the secant 

value of the stiffness at the total design displacement ddb) should be used, while respecting 10.8(1)P. The 

effective stiffness Keff of the isolation system is the sum of the effective stiffnesses of the isolator units. 

(3)       If an equivalent linear model is used, the energy dissipation of the isolation system should be 

expressed in terms of an equivalent viscous damping, as the “effective damping”  (ξeff). The  energy  

dissipation  in  bearings  should  be  expressed  from  the measured  energy  dissipated  in  cycles  with  

frequency  in  the  range  of  the  natural frequencies of the modes considered. For higher modes outside 

this range, the  modal damping ratio of the complete structure should be that of a fixed base 

superstructure. 

(4)       When the effective stiffness or the effective damping of certain isolator units depend on the 

design displacement ddc, an iterative procedure should be applied, until the difference between assumed 

and calculated values of ddc does not exceed 5% of the assumed value. 

(5)       The behaviour of the isolation system may be considered as being equivalent to linear if all the 

following conditions are met: 

a) the effective stiffness of the isolation system, as defined in (2) of this subclause, is not less than 50% 

of the effective stiffness at a displacement of 0,2ddc; 

b) the effective damping ratio of the isolation system, as defined in (3) of this subclause, does not exceed 

30%; 

c) the force-displacement characteristics of the isolation system do not vary by more than 10% due to the 

rate of loading or due to the vertical loads; 

d) the increase of the restoring force in the isolation system for displacements between 0,5ddc and ddc is 

not less than 2,5% of the total gravity load above the isolation system. 

(6)       If the behaviour of the isolation system is considered as equivalent linear and the seismic action 

is defined through the elastic spectrum as per 10.6(2), a damping correction should be performed in 

accordance with 3.2.2.2(3). 

10.9.3  Simplified linear analysis 

(1)       The  simplified  linear  analysis  method  considers  two  horizontal  dynamic translations and 

superimposes static torsional effects. It assumes that the superstructure is a rigid solid translating above 

the isolation system, subject to the conditions of (2) and (3) of this subclause. Then the effective period 

for translation is: 
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where 

M        is the mass of the superstructure; 

Keff         is  the  effective  horizontal  stiffness  of  the  isolation  system  as  defined  in 10.9.2(2). 

(2)       The  torsional  movement  about  the  vertical  axis  may  be  neglected  in  the evaluation of the 

effective horizontal stiffness and in the simplified linear analysis if, in each of the two principal 

horizontal directions, the total eccentricity (including the accidental eccentricity) between the stiffness 

centre of the isolation system and the vertical projection of the centre of mass of the superstructure does 

not exceed 7,5% of the length of the superstructure transverse to the horizontal direction considered. 

This is a condition for the application of the simplified linear analysis method. 

(3) The simplified method may be applied to isolation systems with equivalent linear damped 

behaviour, if they also conform to all of the following conditions: 

a) the distance from the site to the nearest potentially active fault with a magnitude Ms  ≥ 6,5 is greater 

than 15 km; 

b) the largest dimension of the superstructure in plan is not greater than 50 m; 

c)  the  substructure  is  sufficiently  rigid  to  minimise  the  effects  of  differential displacements of the 

ground; 

d) all devices are located above elements of the substructure which support vertical loads; 

e) the effective period Teff satisfies the following condition: 

3Tf  ≤ Teff  ≤ 3 s     (10.2) 

where  Tf   is  the  fundamental  period  of  the  superstructure  assuming  a  fixed  base (estimated 

through a simplified expression). 

(4)       In buildings, in addition to (3) of this subclause, all of the following conditions should be 

satisfied for the simplified method to be applied to isolation systems with equivalent linear damped 

behaviour: 

a) the lateral-load resisting system of the superstructure should be regularly and symmetrically arranged 

along the two main axes of the structure in plan; 

b) the rocking rotation at the base of the substructure should be negligible; 
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c) the ratio between the vertical and the horizontal stiffness of the isolation system should satisfy the 

following expression: 

 

d) the fundamental period in the vertical direction, TV, should be not longer than 0,1 s, where: 

 

(5) The displacement of the stiffness centre due to the seismic action should be calculated in each 

horizontal direction, from the following expression 

 

where Se(Teff, ⎩eff) is the spectral acceleration defined in 3.2.2.2, taking into account the appropriate 

value of effective damping ξeff in accordance with 10.9.2(3). 

(6) The  horizontal  forces  applied  at  each  level  of  the  superstructure  should  be calculated, in 

each horizontal direction through the following expression: 

 

where mj is the mass at level j 

(7)       The system of forces considered in (6) induces torsional effects due to the combined natural and 

accidental eccentricities. 

(8)       If the condition in (2) of this subclause for neglecting torsional movement about the vertical axis 

is satisfied, the torsional effects in the individual isolator units may be accounted for by amplifying in 

each direction the action effects defined in (5) and (6) with a factor δi given (for the action in the x 

direction) by: 

 

y is the horizontal direction transverse to the direction x under consideration; 

(xi,yi)   are the co-ordinates of the isolator unit i relative to the effective stiffness centre; 
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etot,y is the total eccentricity in the y direction; 

ry is the torsional radius of the isolation system in the y direction, as given by the following 

expression: 

 

Kxi  and Kyi  being the effective stiffness of a given unit i in the x and y directions, respectively. 

(9)       Torsional effects in the superstructure should be estimated in accordance with 4.3.3.2.4. 

10.9.4  Modal simplified linear analysis 

(1)       If the behaviour of the devices may be considered as equivalent linear but any one of the 

conditions of 10.9.3(2), (3) or – if applicable - (4) is not met, a modal analysis may be performed in 

accordance with 4.3.3.3. 

(2)       If all conditions 10.9.3(3) and - if applicable - (4) are met, a simplified analysis may be used 

considering the horizontal displacements and the torsional movement about the vertical axis and 

assuming that the substructures and the superstructures behave rigidly. In that case, the total eccentricity 

(including the accidental eccentricity as per 4.3.2(1)P) of the mass of the superstructure should be taken 

into account in the analysis. Displacements at every point of the structure should then be calculated 

combining the translational and rotational displacements. This applies notably for the evaluation  of  the  

effective  stiffness  of  each  isolator  unit.  The  inertial  forces  and moments should be taken into 

account for the verification of the isolator units and of the substructures and the superstructures. 

10.9.5  Time-history analysis 

(1)P     If an isolation system may not be represented by an equivalent linear model (i.e. if the conditions 

in 10.9.2(5) are not met), the seismic response shall be evaluated by means of a time-history analysis, 

using a constitutive law of the devices which can adequately reproduce the behaviour of the system in 

the range of deformations and velocities anticipated in the seismic design situation. 

10.9.6  Non structural elements 

(1)P     In buildings, non-structural elements shall be analysed in accordance with 4.3.5, with due 

consideration to the dynamic effects of the isolation (see 4.3.5.1(2) and (3)). 

10.10 Safety verifications at Ultimate Limit State 

(1)P     The substructure shall be verified under the inertia forces directly applied to it and the forces and 

moments transmitted to it by the isolation system. 

(2)P     The Ultimate Limit State of the substructure and the superstructure shall be checked using the 
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values of γM defined in the relevant sections of this standard. 

(3)P     In buildings, safety verifications regarding equilibrium and resistance in the substructure and in 

the superstructure shall be performed in accordance with 4.4. Capacity design and global or local 

ductility conditions do not need to be satisfied. 

(4)       In buildings, the structural elements of the substructure and the superstructure may be designed 

as non-dissipative. For concrete, steel or steel-concrete composite buildings Ductility Class L may be 

adopted and 5.3, 6.1.2(2)P, (3) and (4) or 7.1.2(2)P and (3), respectively, applied. 

(5)       In  buildings,  the  resistance  condition  of  the  structural  elements  of  the superstructure may 

be satisfied taking into account seismic action effects divided by a behaviour factor not greater than 1,5. 

(6)P     Taking into account possible buckling failure of the devices and using nationally determined γM 

values, the resistance of the isolation system shall be evaluated  taking into account the γM factor defined 

in 10.3(2)P. 

(7)       According to the type of device considered, the resistance of the isolator units should be 

evaluated at the Ultimate Limit State in terms of either of the following: 

a) forces, taking into account the maximum possible vertical and horizontal forces in the seismic design 

situation, including overturning effects; 

b) total relative horizontal displacement between lower and upper faces of the unit. The total horizontal 

displacement should include the deformation due to the design seismic action and the effects of 

shrinkage, creep, temperature and post tensioning (if the superstructure is prestressed). 
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ANNEX A  

(Informative) 

ELASTIC DISPLACEMENT RESPONSE SPECTRUM 

A.1      For structures of long vibration period, the seismic action may be represented in the form of a 

displacement response spectrum, SDe (T), as shown in Figure A.1. 

 
A.2      Up to the control period TE, the spectral ordinates are obtained from expressions (3.1)-(3.4) 

converting Se(T) to SDe(T) through expression (3.7). For vibration periods beyond TE, the ordinates of 

the elastic displacement response spectrum are obtained from expressions (A.1) and (A.2). 

 

where S, TC, TD are given in Tables 3.2 and 3.3, ⎜ is given by expression (3.6) and dg  is given by 

expression (3.12). The control periods TE and TF are presented in Table A.1. 
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Table A.1: Additional control periods for Type 1 displacement spectrum. 

 

 
Ground type 

 
TE (s) 

 
TF (s) 

 

A  
4,5 

 
10,0 

 
B 

 
5,0 

 
10,0 

 
C 

 
6,0 

 
10,0 

 
D 

 
6,0 

 
10,0 

 
E 

 
6,0 

 
10,0 
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ANNEX B  

(Informative) 

DETERMINATION OF THE TARGET DISPLACEMENT FOR NONLINEAR 

STATIC (PUSHOVER) ANALYSIS 

B.1      General 

The target displacement is determined from the elastic response spectrum (see 3.2.2.2). The capacity 

curve, which represents the relation between base shear force and control node displacement, is 

determined in accordance with 4.3.3.4.2.3. 

The following relation between normalized lateral forces and normalized displacements Φi is 

assumed: 

 

 

where mi is the mass in the i-th storey. 

Displacements are normalized in such a way that  Φn = 1, where n is the control node (usually, n denotes 

the roof level). Consequently, Fn = mn. 

B.2 Transformation to an equivalent Single Degree of Freedom (SDOF) system 

The mass of an equivalent SDOF system m* is determined as: 

 

and the transformation factor is given by: 

 

The force F* and displacement d* of the equivalent SDOF system are computed as: 
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displacement of the Multi Degree of Freedom (MDOF) system. 

B.3 Determination of the idealized elasto-perfectly plastic force – displacement relationship 

The yield force Fy*, which represents also the ultimate strength of the idealized system, is equal to the 

base shear force at the formation of the plastic mechanism. The initial stiffness of the idealized system is 

determined in such a way that the areas under the actual and the idealized force – deformation curves are 

equal (see Figure B.1). 

Based on this assumption, the yield displacement of the idealised SDOF system dy*  is given by: 

 

where  Em *  is  the  actual  deformation  energy  up  to  the  formation  of  the  plastic mechanism. 

 

B.4 Determination of the period of the idealized equivalent SDOF system 

The period T* of the idealized equivalent system is determined by: 
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B.5 Determination of the target displacement for the equivalent SDOF system 

The target displacement of the structure with period T* and unlimited elastic behaviour is given by: 

 

 

where Se(T*) is the elastic acceleration response spectrum at the period T*. 

For the determination of the target displacement  dt * for structures in the short-period range and for 

structures in the medium and long-period ranges different expressions should be used as indicated 

below. The corner period between the short- and medium- period range is TC (see Figure 3.1 and Tables 

3.2). 

a) T *  < T (short period range) 

 

where qu  is the ratio between the acceleration in the structure with unlimited elastic behaviour Se(T*) and 

in the structure with limited strength Fy*/ m* 

 

b) T *  ≥ TC (medium and long period range) 

 

The relation between different quantities can be visualized in Figures B.2 a) and b). The figures are 

plotted in acceleration - displacement format. Period T* is represented by the radial line from the origin 

of the coordinate system to the point at the elastic response spectrum defined by coordinates d*= 

Se(T*)(T*/2π)2 and Se(T*). 
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Iterative procedure (optional) 

If the target displacement d determined in the 4th step is much different from the displacement  dm(Figure  

B.1)  used  for  the  determination  of  the  idealized  elasto- perfectly plastic force displacement 

relationship in the 2nd step, an iterative procedure may be applied, in which steps 2 to 4 are repeated by 

using in the 2nd step dt (and the corresponding F*y ) instead of d*m. 

 

B.6 Determination of the target displacement for the MDOF system 

The target displacement of the MDOF system is given by: 

 

The target displacement corresponds to the control node. 

 

 

 

 

Information Center for Standards, Metrology and Quality- 8 Hoang Quoc Viet Street, Cau Giay, Hanoi, Vietnam, Tel: 844 37562608. 



TCVN 9386-1:2012 
 

 231 

ANNEX C 

 (Normative) 

DESIGN OF THE SLAB OF STEEL-CONCRETE COMPOSITE BEAMS AT 

BEAM-COLUMN JOINTS IN MOMENT RESISTING FRAMES 

C.1      General 

(1) This annex refers to the design of the slab and of its connection to the steel frame in moment 

resisting frames in which beams are composite T-beams comprising a steel section with a slab. 

(2) The annex has been developed and validated experimentally in the context of composite moment 

frames with rigid connections and plastic hinges forming in the beams. The expressions in this annex 

have not been validated for cases with partial strength connections in which deformations are more 

localised in the joints. 

(3) Plastic hinges at beam ends in a composite moment frame shall be ductile. According  to  this  annex  

two  requirements  shall  be  fulfilled  to  ensure  that  a  high ductility in bending is obtained: 

 -  early buckling of the steel part shall be avoided; 

 - early crushing of the concrete of the slab shall be avoided. 

(4)       The first condition imposes an upper limit on the cross-sectional area As  of the longitudinal 

reinforcement in the effective width of the slab. The second condition imposes a lower limit on the 

cross-sectional area AT of the transverse reinforcement in front of the column. 

C.2      Rules for prevention of premature buckling of the steel section 

(1)       Paragraph 7.6.1(4) applies. 

C.3      Rules for prevention of premature crushing of concrete 

C.3.1  Exterior  column  -  Bending  of  the  column  in  direction  perpendicular  to façade; 

applied beam bending moment negative: M < 0 

C.3.1.1 No façade steel beam; no concrete cantilever edge strip (Figure C.1(b)). 

(1)       When there is no façade steel beam and no concrete cantilever edge strip, the moment capacity of 

the joint should be taken as the plastic moment resistance of the steel beam alone. 

C.3.1.2 No façade steel beam; concrete cantilever edge strip present (Figure C.1(c)).  

(1)       When there is a concrete cantilever edge strip but no façade steel beam, EN 1994-1-1:2004 

applies for the calculation of the moment capacity of the joint. 
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C.3.1.3 Façade steel beam present; slab extending up to column outside face; no concrete 

cantilever edge strip (Figure C.1(d)). 

(1)       When there is a façade steel beam but no concrete cantilever edge strip, the moment capacity of 
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the joint may include the contribution of the slab reinforcements provided that the requirements in (2) to 

(7) of this subclause are satisfied. 

(2)       Reinforcing  bars  of  the  slab  should  be  effectively  anchored  to  the  shear connectors of the 

façade steel beam. 

(3)       The façade steel beam should be fixed to the column. 

(4)P     The cross-sectional area of reinforcing steel As shall be such that yielding of the reinforcing steel 

takes place before failure of the connectors and of the façade beams. 

(5)P     The cross-sectional area of reinforcing steel As  and the connectors shall be placed over a width 

equal to the effective width defined in 7.6.3 and Table 16.II. 

(6)       The connectors should be such that: 

 

where 

n          is the number of connectors in the effective width; 

PRd         is the design resistance of one connector; 

FRds        is the design resistance of the re-bars present in the effective width beff: FRds = Asfyd 

fyd            is the design yield strength of the slab reinforcement. 

(7)       The façade steel beam should be verified in bending, shear and torsion under the horizontal force 

FRds applied at the connectors. 

C.3.1.4  Façade  steel  beam  and  concrete  cantilever  edge  strip  present  (Figure C.1(e)). 

(1)       When there is both a façade steel beam and a concrete cantilever edge strip, the moment capacity 

of the joint may include the contribution of: (a) the force transferred through the façade steel beam (as 

described in C.3.1.3.2) and the force transferred through the mechanism described in (3) of EN 1994-1-

1:2004. 

(2)       The part of the capacity which is due to the cross-sectional area of reinforcing bars anchored to 

the transverse façade steel beam, may be calculated in accordance with C.3.1.3, provided that the 

requirements in (2) to (7) of C.3.1.3 are satisfied. 

(3)       The part of the capacity which is due to the cross-sectional area of reinforcing bars anchored 

within the concrete cantilever edge strip may be calculated in accordance with EN 1994-1-1:2004. 

C.3.2  Exterior  column  -  Bending  of  the  column  in  direction  perpendicular  to façade; 
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applied beam bending moment positive: M > 0 

C.3.2.1 No façade steel beam; slab extending up to the column inside face (Figure C.2(b-c)). 

(1)       When the concrete slab is limited to the interior face of the column, the moment capacity of the 

joint may be calculated on the basis of the transfer of forces by direct compression (bearing) of the 

concrete on the column flange. This capacity may be calculated  from  the  compressive  force  

computed  in  accordance  with  (2)  of  this subclause, provided that the confining reinforcement in the 

slab satisfies (4) of this subclause. 

(2)       The maximum value of the force transmitted to the slab may be taken as: 

FRd1 = bb deff fcd                                                                                                                                                                   (C.2) 

where 

deff is the overall depth of the slab in case of solid slabs or the thickness of the slab above the ribs of 

the profiled sheeting for composite slabs; 

bb             is the bearing width of the concrete of the slab on the column (see Figure 40). 

(3) Confinement of the concrete next to the column flange is necessary. The cross- sectional area of 

confining reinforcement should satisfy the following expression: 

 

where 

fyd,T        is the design yield strength of the transverse reinforcement in the slab. 

The cross-sectional area AT of this reinforcement should be uniformly distributed over a length of the 

beam equal to bb. The distance of the first reinforcing bar to the column flange should not exceed 30 

mm. 

(4)       The cross-sectional area AT  of steel defined in (3) may be partly or totally provided by 

reinforcing bars placed for other purposes, for instance for the bending resistance of the slab. If the area 

of the steel imposes a lower limits on the cross- sectional area AT should be supplemented. 

C.3.2.2 No façade steel beam; slab extending up to column outside face or beyond as a concrete 

cantilever edge strip (Figure C.2(c-d-e)) 

(1)       When no façade steel beam is present, the moment capacity of the joint may be calculated from 

the compressive force developed by the combination of the following two mechanisms: 

mechanism 1: direct compression on the column. The design value of the force that is transferred by 
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means of this mechanism should not exceed the value given by the following expression 

FRd1 = bb deff fcd                                                                                                                                                                  (C.4) 

mechanism 2: compressed concrete struts inclined to the column sides. If the angle of inclination is 

equal to 45°, the design value of the force that is transferred by means of this mechanism should not 

exceed the value given by the following expression: 

FRd2 = 0,7hc deff fcd                                                                                                                                                           (C.5) 

where 

 

hc             is the depth of the column steel section. 

 

Key: 
(a) elevation; 
A main beam;  
B slab; 
C exterior column 
D façade steel beam; 
E concrete cantilever edge strip 
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(2)       The tension-tie total steel cross-sectional area AT  should satisfy the following expression (see 
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Figure C.2.(e)): 

 

(3)       The steel area AT should be distributed over a length of beam equal to hc and be fully anchored. 

The required length of reinforcing bars is L = bb + 4 hc + 2 lb, where lb is the anchorage length of these 

bars in accordance with EN 1992-1-1:2004. 

(4)       The moment capacity of the joint may be calculated from the design value of the maximum 

compression force that can be transmitted: 

FRd1 + FRd2 = beff deff  fcd                                                                                                                                             (C.7) 

Where: 

beff          is the effective width of the slab at the joint as deduced from 7.6.3 and in Table 7.5II. In this case 

beff = 0,7 hc + bb. 

C.3.2.3 Façade steel beam present; slab extending up to column outside face or beyond as a 

concrete cantilever edge strip (Figure C.2(c-e-f-g)). 

(1) Mechanism 3: When a façade steel beam is present, a third mechanism of force transfer FRd3 is 

activated in compression involving the façade steel beam. 

FRd3 = nPRd                                                                                                                                                                        (C.8) 

where 

n          is the number of connectors  

PRd    is the design resistance of one connector.  

(2) C.3.2.2 applies 

(3)       The design value of the maximum compression force that can be transmitted is beff   deff   fcd. It is 

transmitted if the following expression is satisfied: 

FRd1 + FRd2 + FRd3 > beff deff fcd                                                                                   (C.9)  

The full composite plastic moment resistance is achieved by choosing the number n of connectors so as 

to achieve an adequate force FRd3. The maximum effective width corresponds to beff defined in 7.6.3 and 

Table 7.5 II. In this case, beff = 0,15 l. 

C.3.3 Interior column 

C.3.3.1 No transverse beam present (Figure C.3(b-c)). 
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(1)       When no transverse beam is present, the moment capacity of the joint may be calculated from the 

compressive force developed by the combination of the following two mechanisms: 

mechanism 1: direct compression on the column. The design value of the force that is transferred by 

means of this mechanism should not exceed the value given by the following expression: 

FRd1 = bb deff fcd.                                                                                                         (C.10) 

mechanism 2: compressed concrete struts inclined at 45° to the column sides. The design value of the 

force that is transferred by means of this mechanism should not exceed the value given by the following 

expression: 

FRd2 = 0,7 hc deff fcd.                                                                                                   (C.11) 

(2)       The  tension-tie  cross-sectional  area  AT    required  for  the  development  of mechanism 2 

should satisfy the following expression: 

 

3) The same cross-sectional area AT should be placed on each side of the column to provide for the 

reversal of bending moments. 

(4) The design value of the compressive force developed by the combination of the two mechanisms 

is 

FRd1 + FRd2 = (0,7 hc + bb) deff fcd (C.13)  

(5) The  total  action  effect  which  is  developed  in  the  slab  due  to  the  bending moments on 

opposite sides of the column and needs to be transferred to the column through the combination of 

mechanisms 1 and 2 is the sum of the tension force Fst in the reinforcing bars parallel to the beam at the 

side of the column where the moment is negative and of the compression force Fsc  in the concrete at the 

side of the column where the moment is positive: 

Fst + Fsc = As fyd + beff deff fcd                                                                                                                                (C.14) 

where 

As            is the cross-sectional area of bars within the effective width in negative bending beff specified in 

7.6.3 and Table 16.II; and 

 

beff          is the effective width in positive bending as specified in 7.6.3 and Table 16.II. In this case, beff = 

0,15 l. 

(6)  For the design to achieve yielding in the bottom flange of the steel section without crushing of the 
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slab concrete, the following condition should be fulfilled: 

1,2 (Fsc + Fst) ≤ FRd1 + FRd2                                                                                                                                   (C.15) 

 If the above condition is not fulfilled, the capability of the joint to transfer forces from the slab to the 

column should be increased, either by the presence of a transverse beam (see C.3.3.2), or by increasing 

the direct compression of the concrete on the column by additional devices (see C.3.2.1). 

C.3.3.2 Transverse beam present (Figure C.3(d)). 

(1) When a transverse beam is present, a third mechanism of force transfer FRd3  is activated 

involving the transverse steel beam. 

FRd3 = n PRd                                                                                                                                                                      (C.16) 

where 

n          is the number of connectors in the effective width  

PRd         is the design resistance of one connector 

(2)       C.3.3.1(2) applies for the tension-tie. 

(3) The design value of the compressive force developed by the combination of the three 

mechanisms is: 

FRd1 + FRd2 + FRd3 = (0,7 hc + bb) deff fcd + nPRd                                                                                   (C.17) 

where n is the number of connectors in beff for negative moment or for positive moment as defined in 

7.6.3 and Table 7.5 II, whichever is greater out of the two beams framing into the column. 

(4) C.3.3.1(5)  applies  for  the  calculation  of  the  total  action  effect,  Fst   +  Fsc, developed in the 

slab due to the bending moments on opposite sides of the column. 

(5) For the design to achieve yielding in the bottom flange of the steel section without crushing of 

the concrete in the slab, the following condition should be fulfilled 

1,2 (Fsc + Fst) ≤ FRd1 + FRd2 + FRd3                                                                                                                   (C.18) 
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ANNEX D 

(Informative) 

Symbols 

A         Accidental action 

Ad            Design value of an accidental action 

AEd Design value of seismic action AEd = γ I AEk 

AEk Characteristic value of seismic action 

Cd Nominal value, or a function of certain design properties of materials 

E Effect of actions 

Ed Design value of effect of actions 

Ed,dst Design value of effect of destabilising actions 

Ed,stb Design value of effect of stabilising actions 

F Action 

Fd Design value of an action 

Fk Characteristic value of an action 

Frep Representative value of an action 

G Permanent action 

Gd Design value of a permanent action 

Gd,inf      Lower design value of a permanent action  

Gd,sup    Upper design value of a permanent action  

Gk           Characteristic value of a permanent action  

Gk,j         Characteristic value of permanent action j 

Gkj,sup / Gkj,inf Upper/lower characteristic value of permanent action j 

P Relevant representative value of a prestressing action  

Pd Design value of a prestressing action 

Pk Characteristic value of a prestressing action 

Pm Mean value of a prestressing action 
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Q Variable action 

Qd Design value of a variable action 

Qk Characteristic value of a single variable action 

Qk,1 Characteristic value of the leading variable action 1 

Qk,I Characteristic value of the accompanying variable action i 

R Resistance 

Rd Design value of the resistance 

Rk Characteristic value of the resistance 

X Material property 

Xd Design value of a material property 

Xk Characteristic value of a material property 

ad Design values of geometrical data 

ak Characteristic values of geometrical data 

anom Nominal value of geometrical data 

U Horizontal displacement of a structure or structural member 

W Vertical deflection of a structural member 

Δa Change made to nominal geometrical data for particular design purposes, e.g. assessment of 

effects of imperfections 

γ  Partial factor (safety or serviceability) 

γf Partial factor for actions, which takes account of the possibility of unfavourable deviations of the 

action values from the representative values 

γF Partial factor for actions, also accounting for model uncertainties and dimensional variations 

γg Partial factor for permanent actions, which takes account of the possibility of unfavourable 

deviations of the action values from the representative values 

γG Partial factor for permanent actions, also accounting for model un- certainties and dimensional 

variations 

γG,j Partial factor for permanent action j 

γGj,sup /γGj,inf Partial factor for permanent action j in calculating upper/lower design values 
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γI Importance factor (see EN 1998) 

γm Partial factor for a material property 

γM       Partial factor for a material property, also accounting for model un- certainties and dimensional 

variations 

γP Partial factor for prestressing actions  

γq       Partial factor for variable actions, which takes account of the possibility of unfavourable deviations 

of the action values from the representative values 

γQ         Partial factor for variable actions, also accounting for model uncertainties and dimensional 

variations 

γQ,i Partial factor for variable action i 

γRd Partial factor associated with the uncertainty of the resistance model 

γSd           Partial factor associated with the uncertainty of the action and/or action effect model 

η  Conversion factor 

ξ  Reduction factor 

ψ0 Factor for combination value of a variable action 

ψ1 Factor for frequent value of a variable action 

ψ2 Factor for quasi-permanent value of a variable action 
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Annex E  

(Normative) 

LEVEL AND COEFFICIENT OF IMPORTANCE  

Important level Structure 
Importance 
coefficient 

γI 
Special Structure has 

special 
importance, 
not allow 
being 
damaged by 
seism 

- Pressure bearing dam with height >100m; 

- Electric factory has atom source; 

- Buildings to research, testing manufacture extremely toxic 
products, kinds of bacterium, natural and man-made germs 
(rat plague, cholera, typhoid, etc); 

- Column, tower structure with height over 300 m; 

- Multi-storied buildings with more 60 storeys. 

Designed 
with the 
biggest 

acceleration 
can happen 

I Structure has 
survival 
importance 
with 
community 
protection, 
function 
cannot be 
discontinued 
during seism 
process 

- Usually crowded structure with high usage coefficient: 
structure in item I-2.a, I-2.b, I-2.d, I-2.h, I-2.k, I-2.l, I-2.m 
with number of storey, span, using area or capacity is 
classified into grade I; 

- Structure that function can not be discontinued after seism: 
public structure I-2.c used area is classified into grade I; 

- Structure in item II-9.a, II-9.b; structure in item V-1.a, V-
1.b is classified into grade I; 

- Storage or pipe-line relative to toxic substance, flammable 
substance, substance easy to explode: structure in item II-
5.a, II-5.b, item II-5.c is classified into grade I, II; 

- Storage or pipe-line relative to toxic substance, flammable 
substance, substance easy to explode: structure in item II-
5.a, II-5.b, item II-5.c is classified into grade I, II; 

- Multi-stores buildings from 20 stores to 60 stores, tower 
type structure with height from 200 m to 300 m. 

1.25 
 

II Structure has 
importance in 
preventing 
seism 
consequence, 
if it is 
collapse 
causing big 
damage of 
person and 

- Usually crowded structure with high using coefficient: 
structure in item I-2.a, I-2.b, I-2.d, I-2.h, I-2.k, I-2.l, I-2.m has 
span, using area or capacity is classified into grade II; 

- Administrative headquarters of agency of province, city that 
plays clue role such as: structure in item I-2.d, I-2.g, I-2.h ha 
span, using area is classified into grade I, II; 

- Importance articles, install equipments with high economic 
value of factory belongs to industrial structures in item II-1 to 
II-4, from II-6 to II-8; from II-10 to II-12, energy structure in 
item II-9.a, II-9.b; traffic structure III-3, III-5; irrigation 

1.00 
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Important level Structure 
Importance 
coefficient 

γI 
property structure IV-2; tunnel structure III-4; plumbing structure V-1 

all belong to classified grade I, II; 

- National depence and security structure; 

- Multi-stores buildings from 9 stores to 19 stores, tower 
structure with height from 100 m to 200 m. 

III Structure not 
belong to 
special level 
and level I, 
II, IV 

- Housing at item I-1, office building I-2.d, exhibition buildings, 
buildings of culture, club, performance buildings, theatre, 
cinema, circus is classified into grade III;  

- Industrial structure at II-1 to II-4, from II-6 to II-8; from II-10 
to II-12 classified into grade III with using area from 1000 m2 
to 5000 m2; 

- Multi-stores buildings from 4 floors to 8 floors, tower type 
structure with height from 50 m to 100 m; 

- The wall with height over 10 m. 

0.75 
 

IV Structure has 
secondary 
importance 
for safety of 
person life 

- Temporary buildings: high not over 3 floor; 

- One floor livestock farm; 

- Commodity storage with using area not over 1000 m2 

- Repairment workshop, auxiliary industrial structure; from II-1 
to II-4, from II-6 to II-8; from II-10 to II-12 classified into grade 
IV; 

- Structure that damage by seism rare to lead to damage of 
person and valuable equipment. 

Not require 
to calculate 
anti-seism 

 
NOTE:  Structure is responding to item with attached number see Annex F. 
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ANNEX F  (Normative) 
CLASSIFICATION FOR CONSTRUCTION STRUCTURE 

(Promulgated together with Decree No. 209/2004/ND-CP, dated Dec. 16th, 2004 by Vietnam Government) 
 

Grade of construction structure 
No. Type of construction structure 

Special grade Grade I Grade II Grade III Grade IV 

I Civil structure 

 

a) Apartment building 

 I-1 Housing 

b) Separate buildings 

Height  
≥30 floors 

 
or 
 

Total area  
≥ 15,000m2 

Height 
 20- 29 floors 

 
or 
 

Total area  
10,000 - 

<15,000 m2 

Height 
 9 - 19 floors 

 
or 
 

Total area 
5,000 - 

<10,000 m2 

Height 
 4 - 8 floors 

 
or 
 

Total area  
1,000 - 

<5,000 m2 

Height 
≤ 3 floors 

 
or 
 

Total area  <1,000 
m2

 

 

a) Culture structures:  
Library, museum, exhibition 
buildings, cultural buildings, clubs, 
performance buildings, theatre, 
cinema, circus, broadcasting station, 
television station. 
b) Educational structure:  
Kindergarten, church, primary school, 
secondary school, high school, 
university and college, technical 
secondary school, technical school, 
technical worker school, training 
school and other kinds of school 

I-2 Public structure 

c) Healthy and medical structures:  
Medical station, polyclinic, special 
hospital from central to local, general 
consulting-rooms, area special 
consulting-rooms, maternity hospital, 
sanatorium, old rest-home, people’s 
home, healthy and medical units: 
epidemic precautionary 

Height 
 ≥30 floors 

 
or 
 

span ≥ 96m 
 

or  
 
 

Total area  ≥ 
15,000m 

 

Height 
20- 29 floors 

 
or 
 

span 72 - < 96m 
 

or  
 

Total area   
10,000 -  

<15,000 m2 

 

Height 
9 - 19 floors 

 
or 
 

span 36- <72m 
 

or  
 

Total area  
5,000 -  

<10,000 m2 

 

Height 
4 - 8 floors 

 
or 
 

span 12 - <36m 
 

or  
 

Total area  
 1,000 -  

<5,000 m2 

 

Height 
≤ 3 floor 

 
or 
 

span <12m 
 

or  
 

Total area  
<1,000 m2 
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Grade of construction structure 
No. Type of construction structure 

Special grade Grade I Grade II Grade III Grade IV 
d) Commercial structure: market, 
shop, trade center, supermarket, 
restaurant, refreshment kiosk, public 
service station  
e) Office building: office, 
headquarters 
 
f) Hotel, guest-buildings 
 
g) Traffic service buildings: station, 
coach station 
h) Communication buildings: post 
buildings, post-office, communicated 
equipments setting buildings, air 
communication station 
 

Height 
 ≥30 floors 

 
or 
 

span ≥ 96m 
 

or  
 

Total area ≥ 
15,000m2 

Height 
20- 29 floors 

 
or 
 

span 72 - < 96m 
 

or  
 

Total area  
10,000 -  

<15,000 m2 

Height 
9 - 19 floors 

 
or 
 

span 36- <72m 
 

or  
 

Total area  
5,000 -  

<10,000 m2 

Height 
4 - 8 floor 

 
or 
 

span 12 - <36m 
 

or  
 

Total area 
 1,000 -  

<5,000 m2 

Height 
≤ 3 floors 

 
or 
 

span <12m 
 

or  
 

Total area  
<1,000 m2 

i) Tower of receiving and transmitting 
waves of telecommunication, 
radiobroadcast, television. 

Height 
> 300m 

Height 
200- < 300m 

Height 
100m-<200m 

Height 
50m-<100m 

Height 
<50 m 

k) Stadium 

Competition 
ground with 

capacity >40,000 
seats, with lean-
to, international 

standard. 

Competition 
ground with 

capacity 20,000 - 
≤ 40,000 seats, 
with lean-to, 
international 

standard. 

Competition 
ground with 

capacity 10,000 - 
≤ 20,000 seats 

Competition 
ground with 

capacity  ≤10,000 
seat 

Kinds of training 
ground for 

movement sport 

I-2 
 

Public structure 

 

l) Gymnastics hall. 

Span ≥96m 
or 

 with capacity 
>7,500 seats 

Span 72m -96m 
or 

 with capacity 
 5,000 - ≤ 7,500 

seats 

Span 36m - 
<72m or 

With capacity 
2000 - <5,000 

seats 

Span <36m 
or  

with capacity 
< 2,000 seats 

- 

Information Center for Standards, Metrology and Quality- 8 Hoang Quoc Viet Street, Cau Giay, Hanoi, Vietnam, Tel: 844 37562608. 



TCVN 9386-1:2012 

 248

Grade of construction structure 
No. Type of construction structure 

Special grade Grade I Grade II Grade III Grade IV 

m) Aquatic sport structure 
 

Competition 
swimming-pool 

with lean-to 
attains 

international 
standard, 

capacity > 7,500 
seats 

 

Competition 
swimming-pool 

with lean-to, 
capacity 5,000 – 

7,500 seats 

Competition 
swimming-pool 

with lean-to, 
capacity 2,000- 

<5,000 seats 

Competition 
swimming-pool, 
capacity <2,000 

seats 

Swimming-pool 
for movement 

sport 

 

 

II Industrial structure 

a) Pit coal mine structure - Output > 3 
million tons/year 

Output 1 - 3 
million tons/year 

Output 0,3 - <1 
million tons/year 

Output < 0,3 
million tons/year 

b) Open-air coal mine structure 
 - Output > 5 

million tons/year 
Output 2 - 5 

million tons/year 
Output 0.5 - <2 

million tons/year 
Output < 0,5 

million tons/year II-1 
Coal 
exploitation 
structure 

c)Structure of selecting, washing, 
sifting - Output > 5 

million tons/year 
Output 2 - 5 

million tons/year 
Output 0,5 - <2 

million tons/year 
Output < 0,5 

million tons/year 

a) Structure of mine, ore, pit Output > 5 
million tons/year 

Output > 1 
million tons/year 

Output 0,5 - 1 
million tons/year 

Output < 0,5 
million tons/year 

- 

b) Open-air ore mine structure - Output > 2 
million tons/year 

Output 1 - 2 
million tons/year 

Output 

<1 million 
tons/year 

- II-2 

 
 
Ore exploitation 
structure 

c) Ore sifting, ore enrich structure - Output > 3 
million tons/year 

Output 1 - 3 
million tons/year 

Output <1 
million tons/year 

- 

II-3 
 

Petrol, gas 
structure 

a) Exploratory, exploitation derrick 
structure on sea 

Depth under sea 
level 

> 5 Km 
 

Depth under sea 
level 

From 300M to 
5Km 

 

Depth under sea 
level 

< 300m 
- - 

II-4 Structure of 
chemical, 

a) Structure of manufacturing basic 
chemical, consumed chemical - Output > 500,000 

tons/year 
Output >100,000 
– 500, tons/year 

Output < 100,000 
tons/year - 
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Grade of construction structure 
No. Type of construction structure 

Special grade Grade I Grade II Grade III Grade IV 

b) Pharmaceutical cosmetic chemistry  
manufacture structure - Output > 300.000 

tons/year 

Output >50.000 - 
300.000 
tons/year 

Output < 50.000 
tons/year - 

industry and 
petrol 
chemistry, gas 
process c) Fertilizer manufacture structure 

(urea, DAP). - Output > 1 
million tons/year 

Output >500.000 
- 1 million 
tons/year 

Output < 500.000 
tons/year - 

 
d) Industrial detonation material 
manufacture structure  

With every scale - - - - 

e) Petrolchemistry refinery factory 
Crude oil process 

capacity 
> 500 barrel/day 

Crude oil process 
capacity 

From 300 - 500 
barrel/day 

Crude oil process 
capacity 

From 100 -300 
barrel/day 

Crude oil process 
capacity 

< 100 barrel/day 
- II-4 

Structure of 
chemical, 
industry and 
petrolchemistry, 
gas process 

f) Gas process factory 

Capacity 
>10 millions m3 

gas/day 
 

Capacity 
5- 10 millions m3 

gas/day 

Capacity 
< 5 millions  m3 

gas/day 
- - 

a) Petrol, oil dump  
Container with 

capacity > 
20,000 m3 

Container with 
capacity 

>10,000m3 

Container with 
capacity from 

5,000-10,000m3 

Container with 
capacity  

< 5,000 m3 

Container with 
capacity 

  < 1,000 m3 

b) Dump of liquefied petroleum gas - 
Container with 

capacity 
>10,000m3 

Container with 
capacity 5,000 -

10,000 m3 

Container with 
capacity < 5,000 

m3 
- 

c) Store of industrial detonation 
material  
 
 

With every scale - - -  II-5 

Depot of petrol, 
oil, liquefied 
petroleum gas 
and  gas, oil 
pipe-line 

c) Pipe-line for gas, oil - 

Offshore pipe-
line; ashore pipe-
line with pressure 

> 60 bar 

ashore pipe-line 
with pressure 19 

- 60 bar 

ashore pipe-line 
with pressure  
7 - <19 bar 

 
 
 

- 
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Grade of construction structure 
No. Type of construction structure 

Special grade Grade I Grade II Grade III Grade IV 

a) Nonferrous metallurgy industrial 
structure - 

Capacity 
500,000-1 

million tons/year 

Capacity 
100,000 -
<500,000 
tons/year 

Capacity 
< 100,000 
tons/year 

- 

II-6 

 
Metallurgy 
structure 
 b) Structure of steel refinery, rolling 

Combination 
metallurgy 

section 

Capacity   
>1 million 
tons/year 

Capacity 
500,000-1 

million tons/year 

Capacity < 
500,000 
tons/year 

- 

a) Manufacture mechanics structure 
of kinds of tooling machines - Capacity >5,000 

set/year 
Capacity 2,500-
5,000 set/year 

Capacity <2,500 
set/year - 

b) Manufacturing structure of 
industrial equipments - Capacity >10,000 

tons/year 

Capacity 
5,000 -10,000 

tons/year 

Capacity 
< 500,000 
tons/year 

- 
II-7 

Mechanical, 
manufacture 
structure 

c) Structures of assembly and 
repairment motorcycle and 
automobile 

- >10,000 
Pcs/year 

3,000 -10,000 
Pcs/year 

< 3,000 
Pcs/year - 

 
a) Assemble products (products 
equivalent to TV or computer) 
 

Capacity >  
300,000 pcs/year 

Capacity 200,000 
-300,000 
pcs/year 

Capacity 
150,000- < 

200,000 pcs/year 

Capacity 100,000 
-150,000 
pcs/year 

Capacity < 
100,000 pcs/year 

II-8 
Computer 
electronics 
industry 

b) Manufacture components, spare 
parts, components group (products 
equivalent to electronic printed circuit 
board or IC) 
 

Capacity >  
500 million 

pcs/year 

Capacity  
400 -500 million 

pcs/year 

Capacity 
300- < 400 

million pcs/year 
sf/ year 

Capacity 
200 -300 million 
pcs/year sf/ year 

Capacity 
< 200 million 

pcs/year 

a) Thermo-electric source structure Capacity > 2,000 
MW 

Capacity 
600- 2,000 MW 

Capacity  
50- < 600 MW 

Capacity 
 5 -  50 MW 

Capacity 
< 5 MW 

b) Hydroelectric source structure 
(classified into grade according to 
electrical capacity or size of reservoir 
and main dam defined at item of 
irrigational works, No. IV-1, IV-2) 

Capacity > 1,000 
MW 

 
 
 

Capacity 300 – 
1,000 MW 

 
 
 

Capacity 30 
- < 300 MW 

 
 
 

Capacity 3 -  < 
30 MW 

 
 
 

Capacity 
< 3 MW 

 
 
 

 
II-9 

 

Energy 
structures 
 

c) Atom electric source structure >1,000 MW ≤1,000 MW - - - 
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Grade of construction structure 
No. Type of construction structure 

Special grade Grade I Grade II Grade III Grade IV 
d) Wire-line work and transformer 
station - 500 KV 110 KV 35 KV - 

a) Textile factory - 
Capacity ≥ 25 

million 
metres/year 

Capacity 5 - < 25 
million 

metres/year 

Capacity < 5 
million 

metres/year 
- 

 
 

II-10 
 

Light industry 
structure 
 b) Printing and dyeing factory - 

Capacity ≥ 35 
million 

metres/year 

Capacity 10 - < 
35 million 

metres/year 

Capacity < 10 
million 

metres/year 
- 

 
c) Garment product manufacturer 
 
 

- 
Capacity ≥ 10 
products/year 

 

Capacity 2 - < 10 
million 

products/year  
 

Capacity < 2 
products/year 

 
- 

d) Leather tanning and leather 
products manufacturer 
 
 

- 

 
Capacity ≥ 12 
million pair (or 

equivalent) 
/year  

 
 

Capacity 1 - < 12 
million pair (or 

equivalent) 
/year  

 

 
Capacity < 1 

million pair (or 
equivalent) 

/year  
 
 

- 

e) Plastic products manufacturer  
 
 

- Capacity ≥ 
15,000 tons/year 

Capacity 2,000- 
< 15,000 
tons/year 

Capacity < 2,000 
tons/year - 

f) Terracotta, porcelain manufacturer - Capacity ≥ 
25,000 tons/year 

Capacity 3,000- 
< 25,000 
tons/year 

Capacity < 3,000 
tons/year - 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
II-10 
 

 
 
 
 
 
Light industry 
structure 

g) Pulp and paper manufacturer - Capacity ≥ 
60,000 tons/year 

Capacity 25,000 - 
< 60,000 
tons/year 

Capacity < 
25,000 tons/year - 

 
 
 

 
 
Foodstuff 

a) Cooking oil, aromatic spices 
manufacturer - 

Capacity ≥ 
150,000 
tons/year 

Capacity 50,000 -
150,000 
tons/year 

Capacity < 
50,000 tons/year - 
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Grade of construction structure 
No. Type of construction structure 

Special grade Grade I Grade II Grade III Grade IV 

b) Distillery, brewery, refresher 
manufacturer. - 

Capacity ≥ 100 
million litres/year 

 

Capacity 25 - < 
100 million 
litres/year 

 

Capacity < 25 
million litres/year 

 
- 

 
 
 

II-11 
 
 
 
 
 

processing 
structures 
 

c) Tobacco manufacturer 
 - Capacity ≥ 200 

million bag/year 

Capacity 50 - < 
200 million 

bag/year 

Capacity 
< 50 million 

bag/year 
- 

d) Dairy factory - 
Capacity  ≥ 100 

million litres 
product/year 

Capacity 30 - < 
100 million litres 

product/year 

Capacity < 30 
million litres 
product/year 

- 

e) Confectionery, instant noodle 
manufacturer - Capacity > 

25,000 tons/year 
Capacity 5,000 -
25,000 tons/year 

Capacity < 5,000 
tons/year 

- 
II-11 

 

Foodstuff 
processing 
structures 

f) Frozen store - Capacity > 1,000 
tons 

Capacity 250 -
≤1.000 tons 

Capacity  

<250 tons 
- 

a) Cement manufacturer - Capacity > 2 
million tons/year 

Capacity 1 - 2 
million tons/year 

Capacity < 1 
million tons/year 

- 

b) Ceramics brick, granite brick, 
ashlar paving brick manufacturer 

- Capacity > 5 
million m3/year 

Capacity 2 - 5 
million m3/year 

Capacity < 2 
million m3/year 

- 

c) Brick, tiling, refined clay brick 
factory 

- Capacity > 20 
million pcs/year 

Capacity 10 - 20 
million pcs/year 

Capacity < 10 
million pcs/year 

- 

d) Sanitation porcelain manufacturer - - 
Capacity 
≥500,000 

products/year 

Capacity < 
500,000 

products/year 
- 

II-12 
 
 
 
 
 
 

Construction 
material 
industry 
structure 

e) Glass manufacturer - Capacity > 20 
million m2/year 

Capacity 10 - 20 
million m2/year 

Capacity < 10 
million m2/year 

- 
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Grade of construction structure 
No. Type of construction structure 

Special grade Grade I Grade II Grade III Grade IV 

 
f) Concrete mixture and concrete 
components manufacturer 

 

 

 

- 
 

Capacity > 1 
million m3/year 

 

 

Capacity 500,000 
- 1 million 

m3/year 

 

Capacity < 
500,000 m3/year 

 

 

- 

III Traffic construction structures 

a) Kinds of highway for automobile 

b) Road for automobile, urban road 
III-1 Road 

c) Rural road 

Highway with 
vehicles flow  
> 30,000 turns 
converted/ day 

and night 
or 

speed >100km/h 

 
Highway with 
vehicles flow  
from 10,000-
30,000 turns 

converted/day 
and night 

or 
speed >80km/h 

 

Vehicles flow  
from 3,000-
10,000 turns 

converted/day 
and night 

or 
speed >60km/h 

Vehicles flow  
from 300-3,000 

turns 
converted/day 

and night 
or 

rural traffic road 
type A 

Vehicles flow  
<300 turns 

converted/day 
and night 

or 
rural traffic road 

type B 

III-2 Railway  High speed 
railway 

Underground 
way; railway at 

the top. 
 

Normal national 
railway 

Specialized 
railway and local 

railway 
- 

a) Road bridges 

III-3 Bridges 
b) Railway bridges 

Span >200m 

Span from 
100-200m or 
Using new 
execution 

technology, 
special 

architecture 

Span from  
50-100m 

Span from  
25-50m 

Span from 
< 25m 

a) Tunnel for automobile III-4 Tunnel 
b) Railway tunnel 

Tunnel for 
underground 

 
Length > 3000m, 

Length from 
1000-3000m, 

Length from 100-
1000m 

Length <100m 
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Grade of construction structure 
No. Type of construction structure 

Special grade Grade I Grade II Grade III Grade IV 

c) Tunnel for pedestrian 

minimum 2 lane  
for automobile, 1 
lane of railway 

 

minimum 2 lane 
for automobile, 1 
lane of railway 

a) Wharf, ship rising shore - 
Wharf, shore for 

ship >50,000 
DWT 

Wharf, shore for 
ship 30,000-
50,000 DWT 

Wharf, shore for 
ship 10,000-
30,000 DWT 

Wharf, shore for 
ship <10,000 

DWT 

III-5 
 
 
 
 
 
 

Waterway 
structures 
 
 

 
b) Harbor for ship, ship building and 
repairment factory 

> 5,000 tons 3.000 - 5.000 
tons 

1.500 – 3.000 
tons 750 -1.500 tons < 750tons 

c) Dock for ship > 3,000 tons 1,500 – 3,000 
tons 750- 1.500 tons 200 - 750 tons < 200tons 

d) Waterway with width (B) and 
depth (H ) for shipping 
- on the river 

 
 

B > 120m; 
H >5m 

 

 
B= 90-<120m 
H = 4- <5m 

 
B = 70- < 90m 
H = 3 - <4 m 

 
B= 50- < 70m 
H = 2- < 3 m 

 
B < 50m 
H < 2m III-5 

 
Waterway 
structures 

- on the canal 

 
B > 70m; 
H >6m 

 

B= 50- <70m 
H = 5 - < 6 m 

B = 40 - <50m 
H = 4- < 5m 

B= 30 - < 40m 
H = 2 - <4 m 

B < 30m 
H < 3m 

III-6 Airport 
Runway for take-off and land on 
(classified into grade according to 
standard of ICAO) 

IV E IV D III C II B I A 

IV Irrigational works 

 
IV-1 

Reservoir 
structure  Capacity >5,000 

x 106 m3 

Capacity from 
1,000 x 106 -

5,000 x 106 m3 

Capacity from 
100 x106 -1,000 

x106 m3 

Capacity from     
1 x 106 -100 x 

106 m3 

Capacity 
<1 x 106 m3 

IV-2 Dam structure a) Soil dam, soil – rock  Height 
>100 m 

Height 
75  - 100 m 

Height 
25 - < 75 m 

Height 
15 - < 25 m 

Height 
< 15 m 
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Grade of construction structure 
No. Type of construction structure 

Special grade Grade I Grade II Grade III Grade IV 

b) Concrete dam  Height 
 > 150 m 

Height 
100 - 150m 

Height 
50 - < 100 m 

Height 
15 - < 50 m 

Height 
<15 m 

c) Boast wall  - - Height 
> 50 m 

Height 
5 - 50 m 

Height 
<5 m 

a) Irrigational system has irrigation 
power on the area:  
S x 103 ha 

Area 
> 75 

Area 
> 50 - 75 

Area 
10 - < 50 

Area 
2 - < 10 

Area 
< 2 

IV-3 Irrigational 
structure b) Source water supply structure for 

life, manufacturing with flow: Q 
(m3/s)  

Flow 
> 20 

Flow 
10 - < 20 

Flow 
2- < 10 

Flow 
< 2 - 

IV-4 Dyke-jetty 

Main dyke, surrounding dyke and 
coffer-dam (classified into grade 
according to the norms of dam 
classification of irrigation branch) 

Special I II III IV 

V Technical infrastructure 

a) Water supply 
 

> 500,000 m3/day 
and night 

300,000 
< 500.000 m3/ 
day and night 

100,000 
< 300,000 m3/ 
day and night 

20,000 <100,000 
m3/ day and night 

< 20,000 m3/ day 
and night 

V-1 
Water supply 
and drain-off 
structures b) Drain-off > 300,000 m3/ 

day and night 

300,000 
< 100,000 m3/ 
day and night 

50,000 
< 100,000 m3/ 
day and night 

10,000 
< 50,000 m3/ day 

and night 

< 10,000 m3/ day 
and night 

a) Waste burying yard - 500tons/day 300-< 500 
tons/day 

150- < 300 
tons/day < 150 tons/day 

V-2 
Waste 
treatment 
structure b) Waste treatment factory  

 > 3,000 tons/day 1,000 < 3,000 
tons/day 

300 < 1,000     
tons/day 

100 < 300 
tons/day 

< 100 
tons/day 
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ANNEX G  
 (Normative) 

 
ZONING MAPS OF BACKGROUND ACCELERATION ON VIET NAM TERRITORY 
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Annex H 
 (Normative) 

ZONING TABLE OF BACKGROUND ACCELERATION ACCORDING TO 
ADMINISTRATIVE PLACE-NAMES 

 
Coordinate Place-names Longitude Latitude 

Background 
acceleration (*) 

1. Hanoi capital         

- Within the city         

Ba Dinh District (Cong Vi ward) 105.81285 21.039762 0.0976 

Cau Giay District (Quan Hoa ward) 105.799494 21.033276 0.1032 

Dong Da District (Tho Quan ward) 105.832932 21.018279 0.0983 

Hai Ba Trung District (Le Dai Hanh ward) 105.845952 21.012509 0.0959 

Hoan Kiem District (Hang Trong ward) 105.850152 21.029134 0.0892 

Hoang Mai District (Phong Mai ward) 105.838337 21.002169 0.1001 

Long Bien District (Ngoc Thuy ward) 105.890797 21.055033 0.0747 

Tay Ho District (Nhat Tan ward) 105.825487 21.077883 0.0819 

Thanh Xuan District (Thanh Xuan ward) 105.799028 20.991092 0.1097 

- Dong Anh Suburban District (Dong Anh town) 105.84952 21.139421 0.0757 

- Gia Lam Suburban District (Trau Quy town) 105.936561 21.019178 0.0769 

- Soc Son Suburban District (Soc Son town) 105.848517 21.257401 0.0962 

- Thanh Tri Suburban District (Van Dien town) 105.845107 20.946091 0.1047 

- Tu Liem Suburban District (Cau Dien town) 105.762478 21.039765 0.1081 

2. Ho Chi Minh City         

- Within the city         

District 1 (Ben Nghe Ward) 106.698553 10.782547 0.0848 

District 2 (An Phu Ward) 106.748176 10.792398 0.0856 

District 3 (Ward 4) 106.686083 10.775854 0.0843 

District 4 (Ward 12) 106.706266 10.767392 0.0847 

District 5 (Ward 8) 106.669499 10.757794 0.0774 

District 6 (Ward 1) 106.650601 10.747691 0.0700 

District 7 (Phu My Ward) 106.733777 10.728369 0.0846 

District 8 (Ward 11) 106.664228 10.749459 0.0745 

District 9 (Hiep Phu Ward) 106.769773 10.842787 0.0747 

District 10 (Ward 14) 106.665256 10.768908 0.0777 

District 11 (Ward 10) 106.643016 10.76474 0.0701 

District 12 (Tan Chanh Hiep Ward) 106.64983 10.862993 0.0813 

Binh Thanh District (Ward 14) 106.694954 10.803764 0.0853 

Go Vap District (Ward 10) 106.664742 10.834957 0.0832 

Phu Nhuan District (Ward 11) 106.674641 10.795934 0.0844 
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Coordinate Place-names Longitude Latitude 
Background 

acceleration (*) 

Tan Binh District (Ward 4) 106.657286 10.797828 0.0702 

Tan Phu District (Ward 4) 106.634937 10.783412 0.0702 

Thu Duc District (Binh Tho Ward) 106.77273 10.851122 0.0727 

- Binh Chanh Suburban Dist. (An Lac town) 106.615376 10.739152 0.0589 

- Can Gio Suburban District (Can Gio town) 106.951166 10.416215 0.0618 

- Cu Chi Suburban District (Cu Chi town) 106.493388 10.974854 0.0808 

- Hoc Mon Suburban District (Hoc Mon town) 106.595707 10.889009 0.0802 

- Nha Be Suburban District (Nha Be town) 106.741909 10.700667 0.0819 

3. Hai Phong City         

- Within the city         

Hong Bang District (Hoang Van Thu ward) 106.681401 20.857842 0.1290 

Kien An District (Tran Thanh Ngo ward) 106.62403 20.811155 0.1281 

Hai An District (Tran Thanh Ngo ward) 106.68003 20.840597 0.1291 

Le Chan District (Cat Dai ward) 106.678441 20.851413 0.1293 

Ngo Quyen District (May To ward) 106.695243 20.862479 0.1276 

- Do Son town (Van Son ward) 106.780559 20.720213 0.0870 

- An Dong suburban district (An Dong ward) 106.603485 20.890999 0.1334 

- An Lao suburban district (An Lao town) 106.555255 20.823167 0.1331 

- Bach Long Vi suburban dist. (B¹ch Long VÜ town) 107.762946 20.390514 0.0063 

- Cat Hai suburban district (Cat Ba town) 107.049865 20.725127 0.0368 

- Hai An suburban district (Ni Doi town) 106.668778 20.752245 0.1168 

- Kien Thuy suburban district (Nui Doi town) 106.668778 20.752245 0.1168 

- Thuy Nguyen suburban district (Nui Deo town) 106.674679 20.917423 0.1272 

- Tien Lang suburban district (Tien Lang town) 106.553514 20.72573 0.1019 

- Vinh Bao suburban district (Vinh Bao town) 106.478602 20.693081 0.0747 

4. Da Nang City         

- Within the city         

Hai Chau District (Hai Chau ward) 108.223367 16.074889 0.1006 

Lien Chieu District (Hoa Khanh ward) 108.157764 16.062771 0.0940 

Ngu Hanh Son District (Hoa Hai ward) 108.260126 16.001666 0.0674 

Son Tra District (An Hai Dong ward) 108.23638 16.056842 0.0918 

Thanh Khe District (Chinh Gian ward) 108.198682 16.065479 0.0967 

- Hoa Vang suburban district (Hoa Tho town) 108.204048 16.01675 0.0730 

- Hoang Sa District (Island) 111.776585 16.24232 0.0544 

5. Can Tho City         

- Within the City         

Binh Thuy District   105.738518 10.078776 0.0685 

Cai Rang District   105.749594 10.004976 0.0515 
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Coordinate Place-names Longitude Latitude 
Background 

acceleration (*) 

Ninh Kieu District   105.788811 10.036111 0.0662 

O Mon District   105.625441 10.119742 0.0546 

- Co Do Suburban District (Co Do Town) 105.428858 10.098648 0.0236 

- Phong Dien Suburban Dist. (Thach An Town) 105.330099 10.141798 0.0199 

- Thot Not Suburban District (Thot Not Town) 105.537254 10.269896 0.0698 

- Vinh Thanh Suburban District (Thoi Lai Town) 105.558964 10.06505 0.0331 

6. An Giang Province         

- Long Xuyen City (My Binh Ward) 105.436983 10.387999 0.0670 

- Chau Doc Town (Chau Phu A ward) 105.113001 10.717744 0.0655 

- An Phu District (An Phu town) 105.094103 10.810647 0.0697 

- Chau Phu District (Cai Dau town) 105.233459 10.580091 0.0607 

- Chau Thanh District (An Chau town) 105.389028 10.443974 0.0653 

- Cho Moi District (Cho Moi town) 105.403282 10.551041 0.0603 

- Phu Tan District (Cho Vam town) 105.343062 10.716504 0.0450 

- Tan Chau District (Tan Chau town) 105.242843 10.800671 0.0499 

- Thoai Son District (Nui Sap Town) 105.260674 10.258394 0.0220 

- Tri Ton District (Tri Ton town) 105.0009 10.418612 0.0162 

- Tinh Bien District (Nha Bang town) 105.008099 10.627416 0.0312 

7. Ba Ria – Vung Tau         

- Vung Tau City (Ward 1) 107.073816 10.349389 0.0612 

- Ba Ria Town (Phuoc Hiep Ward) 107.167113 10.49684 0.0330 

- Chau Duc District (Ngai giao Town) 107.246509 10.648073 0.0190 

- Con Dao District (Con Dao) 106.606337 8.69202 0.0557 

- Dat Do District (Dat Do town) 107.270686 10.490642 0.0251 

- Long Dien District (Long Dien Town) 107.210081 10.484059 0.0295 

- Tan Thanh District (Phu My Town) 107.054517 10.589509 0.0442 

- Xuyen Moc District (Phuoc Buu Town) 107.398103 10.534875 0.0214 

8. Bac Lieu         

- Bac Lieu Town (Ward 3) 105.720283 9.282918 0.0248 

- Dong Hai District (Ganh Hao Town) 105.420952 9.036239 0.0273 

- Gia Rai District (Gia Rai Town) 105.456433 9.237121 0.0162 

- Hong Dan District (Ngan Dua Town) 105.451962 9.581362 0.0094 

- Phuoc Long District (Phuoc Long Town) 105.460293 9.438268 0.0105 

- Vinh Loi District (Hoa Binh Town) 105.631994 9.285228 0.0205 

9. Bac Giang Province         

- Bac Giang Town (Tran Phu Ward) 106.189508 21.276508 0.1089 

- Hiep Hoa District (Thang Town) 105.982466 21.356546 0.0941 
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Coordinate Place-names Longitude Latitude 
Background 

acceleration (*) 

- Lang Giang District (Voi Town) 106.260568 21.352684 0.0980 

- Luc Nam District (Doi Ngo Town) 106.383685 21.302094 0.1092 

- Luc Ngan District (Chu Town) 106.565689 21.372396 0.0636 

- Son Dong District (An Chau Town) 106.851494 21.336156 0.0471 

- Tan Yen District (Cao Thuong Town) 106.126214 21.386398 0.0719 

- Viet Yen District (Bich Dong Town) 106.100047 21.271988 0.1122 

- Yen Dung District (Neo Town) 106.24287 21.203603 0.1087 

- Yen The District (Cau Go Town) 106.126549 21.477084 0.0791 

10. Bac Kan Province         

- Bac Kan Town (Phung Chi Kien Ward) 105.826466 22.143883 0.0596 

- Ba Be District (Cho Ra Town) 105.7185922 22.45151835 0.0483 

- Bach Thong District (Phu Thong Town) 105.8784901 22.27269924 0.0615 

- Cho Don District (Bang Lung Town) 105.5947738 22.15745496 0.0217 

- Cho Moi District (Cho Moi Town) 105.775197 21.882556 0.0585 

- Na Ri District (Yen Lac) 106.1837312 22.23757539 0.0271 

- Ngan Son District (Ngan Son Town) 105.9973884 22.42679922 0.0314 

- Pac Nam District (Boc Bo) 105.664265 22.615837 0.0561 

11. Bac Ninh         

- Bac Ninh Town (Vu Ninh Ward) 106.070693 21.18634 0.1192 

- Gia Binh District (Gia Binh Town) 106.194615 21.056523 0.1297 

- Luong Tai District (Thua Town) 106.20119 21.017441 0.1316 

- Que Vo District (Pho Moi Town) 106.153219 21.153498 0.1226 

- Thuan Thanh District (Ho Town) 106.085622 21.0642 0.1108 

- Tien Du District (Lim Town) 106.019367 21.142551 0.1109 

- Tu Son District (Tu Son Town) 105.958815 21.116434 0.0919 

- Yen Phong District (Cho Town) 105.95479 21.194003 0.1039 

12. Ben Tre         

- Ben Tre Town (Ward 8) 106.382247 10.23558 0.0185 

- Ba Tri District (Ba Tri Town) 106.589406 10.038966 0.0275 

- Binh Dai District (Binh Dai Town) 106.692934 10.185789 0.0665 

- Chau Thanh (Chau Thanh Town) 106.359692 10.310767 0.0204 

- Cho Lach District (Cho Lach Town) 106.12053 10.258775 0.0157 

- Giong Trom District (Giong Trom Town) 106.507619 10.148996 0.0237 

- Mo Cay District (Mo Cay Town) 106.333683 10.123396 0.0157 

- Thanh Phu District (Thanh Phu Town) 106.514731 9.947394 0.0209 

13. Binh Duong         

- Thu Dau Mot Town (Hiep Thanh Ward) 106.672388 11.002815 0.0813 

- Ben Cat District (My Phuoc Town) 106.589993 11.154661 0.0897 
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Coordinate Place-names Longitude Latitude 
Background 

acceleration (*) 

- Dau Tieng District (Dau Tieng Town) 106.362442 11.279501 0.0639 

- Di An District (Di An Town) 106.769498 10.907053 0.0663 

- Phu Giao District (Phuoc Vinh Town) 106.795326 11.291461 0.0877 

- Tan Uyen Dist. (Uyen Hung Town) 106.803445 11.0647 0.0433 

- Thuan An Dist. (Lai Thieu Town) 106.699899 10.905335 0.0812 

14. Binh Dinh         

- Quy Nhon City (Le Loi Ward) 109.230915 13.770385 0.0941 

- An Lao Dist. (An Lao Town) 108.885393 14.615599 0.1031 

- An Nhon Dist. (Binh Dinh Town) 109.111996 13.888792 0.1061 

- Hoai An (Tang Bat Ho Town) 108.971962 14.366109 0.1057 

- Hoai Nhon  (Bong Son Town) 109.015397 14.434682 0.1049 

- Phu Cat District (Ngo May Town) 109.056721 14.0034 0.1070 

- Phu My District (Phu My Town) 109.05099 14.174979 0.1008 

- Tay Son District (Phu Phong Town) 108.913822 13.910932 0.1097 

- Tuy Phuoc District (Tuy Phuoc Town) 109.16448 13.828395 0.1067 

- Van Canh District (Van Canh Town) 108.997677 13.622525 0.1053 

- Vinh Thanh District (Vinh Thanh Town) 108.7819 14.140664 0.0985 

15. Binh Phuoc         

- Dong Xoai Town (Tan Phu Ward) 106.900769 11.539561 0.0678 

- Binh Long District (An Loc Town) 106.607274 11.651431 0.0717 

- Bu Dang District (Duc Phong Town) 107.247627 11.813073 0.0379 

- Bu Dop District (Loc Ninh Town) 106.811296 12.01511 0.0202 

- Chon Thanh Dist. (Chon Thanh Town) 106.615837 11.416979 0.0567 

- Dong Phu Dist. (Dong Phu Town) 106.860954 11.464935 0.0742 

- Loc Ninh Dist. (Loc Ninh Town) 106.58972 11.845727 0.0806 

- Phuoc Long Dist. (Thac Mo Town) 107.000583 11.85819 0.0179 

16. Binh Thuan         

- Phan Thiet City (Duc Thang Ward) 108.102189 10.923384 0.0246 

- Bac Binh Dist. (Cho Lau Town) 108.503725 11.221553 0.0222 

- Duc Linh Dist. (Vo Xu Town) 107.565896 11.189097 0.0251 

- Ham Tan Dist. (La Gi Town) 107.756924 10.686894 0.0557 

- Ham Thuan Bac Dist. (Ma Lam Town) 108.130186 11.070423 0.0220 

- Ham Thuan Nam Dist. (Thuan Nam Town) 107.877197 10.847443 0.0302 

- Phu Quy Dist. (Phu Quy Town) 108.937697 10.542136 0.0540 

- Tanh Linh Dist. (Lac Tanh Town) 107.680291 11.085559 0.0422 

- Tuy Phong Dist. (Lien Hong Town) 108.733351 11.228536 0.0373 

17. Ca Mau         
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- Ca Mau City (Ward 5) 105.150215 9.175907 0.0113 

- Cai Nuoc Dist. (Cai Nuoc Town) 105.013159 8.938304 0.0154 

- Dam Doi Dist. (Dam Doi Town) 105.196036 8.990659 0.0191 

- Nam Can Dist. (Nam Can Town) 104.993246 8.76098 0.0256 

- Ngoc Hien Dist. (Dam Doi Town) 104.757384 8.601188 0.0133 

- Phu Tan Dist. (Cai Doi Vom Town) 104.846986 8.871445 0.0131 

- Thoi Binh Dist. (Thoi Binh Town) 105.094641 9.351728 0.0084 

- Tran Van Thoi Dist. (Tran Van Thoi Town) 104.977396 9.078921 0.0108 

- U Minh Dist. (U Minh Town) 104.969472 9.410501 0.0068 

18. Cao Bang         

- Cao Bang City (Hop Giang Ward) 106.2606049 22.66653726 0.0814 

- Bao Lam Dist. (Bao Lam Town) 105.4918652 22.83225057 0.0466 

- Bao Lac Dist. (Bao Lac Town) 105.6792326 22.94991477 0.0384 

- Ha Quang Dist. (Ha Quang Town) 106.077602 22.900958 0.0635 

- Ha Lang Dist. (Ha Lang Town) 106.679902 22.695655 0.0155 

- Hoa An Dist. (Nuoc Hai Town) 106.146356 22.742542 0.0765 

- Nguyen Binh Dist. (Nguyen Binh Town) 105.9627438 22.65140349 0.0315 

- Phuc Hoa Dist. (Ta Lung Town) 106.564343 22.498114 0.0370 

- Quang Uyen Dist. (Quang Uyen Town) 106.4410027 22.69699362 0.0388 

- Thach An Dist. (Dong Khe Town) 106.4330078 22.42856043 0.0785 

- Thong Nong Dist. (Thong Nong Town) 105.98171 22.78533627 0.0473 

- Tra Linh Dist. (Hung Quoc Town) 106.3225141 22.82771052 0.0362 

- Trung Khanh Dist. (Trung Khanh Town) 106.5221816 22.83414228 0.0181 

19. Dak Lak         

- Buon Ma Thuot City (Tu An Ward) 108.04272 12.673605 0.0127 

- Buon Don Dist. (Buon Don Town) 107.895426 12.811224 0.0084 

- C M'gar Dist. (Quang Phu Town) 108.077674 12.817459 0.0101 

- Ea H'leo Dist. (Ea Drang Town) 108.207807 13.207851 0.0146 

- Ea Kar Dist. (Ea Kar Town) 108.452763 12.816827 0.0189 

- Ea Sóp Dist. (Ea Sut Town) 107.885258 13.075303 0.0075 

- Krong Ana Dist. (Bu«n Trap Town) 108.032173 12.485398 0.0215 

- Krong Bong Dist. (Krong Kmar Town) 108.340386 12.511934 0.0455 

- Krong Buk Dist. (Buon Ho Town) 108.264932 12.911638 0.0114 

- Krong Nang Dist. (KRong Nang Town) 108.351355 12.953415 0.0129 

- Krong Pak Dist. (Phuoc An Town) 108.308347 12.711197 0.0188 

- Lak Dist. (Lien Son Town) 108.171017 12.407708 0.0450 

- M'Drak Dist. (M'Drak Town) 108.743399 12.749497 0.0567 

20. Dak Nong         
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- C Jut Dist. (Ea T'Ling Town) 107.893017 12.588209 0.0123 

- Dak Mil Dist. (Dak Mil Town) 107.619526 12.449204 0.0110 

- Dak Nong Dist. (Gia Nghia Town) 107.688063 12.003146 0.0584 

- Dak Rlap Dist. (Kien Duc Town) 107.50933 11.99752 0.0339 

- Dak Song Dist. (Dak Song Town) 107.602725 12.269189 0.0164 

- Krong No Dist. (Dak Man Town) 107.878034 12.454466 0.0172 

21. Dien Bien         

- Dien Bien Phu City (Him Lam Ward) 103.0326152 21.40610508 0.1281 

- Lai Chau Town (Na Lay Ward) 103.148444 22.034188 0.1486 

- Dien Bien Dist. (Muong Thanh Town) 103.008835 21.364106 0.1281 

- Dien Bien Dong Dist. (Dien Bien Dong Town) 103.2482722 21.25530018 0.1183 

- Muong Lay Dist. (Muong Lay Town) 103.091263 21.758804 0.1516 

- Muong Nhe Dist. (Dien Bien Dong Town) 102.500648 22.158747 0.1141 

- Tua Chua Dist. (Tua Chua Town) 103.3329362 21.85588728 0.1404 

- Tuan Giao Dist.  (Tuan Giao Town) 103.4204699 21.59364546 0.1124 

22. Dong Nai         

- Bien Hoa City (Thanh Binh Ward) 106.817189 10.946678 0.0454 

- Long Khanh Town (Xuan Loc Town) 107.246701 10.933625 0.0301 

- Cam My Dist. (Trang Bom Town) 107.231449 10.824899 0.0207 

- Dinh Quan Dist. (Dinh Quan Town) 107.351449 11.197483 0.0441 

- Long Thanh Dist. (Long Thanh Town) 106.949985 10.779912 0.0374 

- Nhon Trach Dist. (Nhon Trach Town) 106.928142 10.736255 0.0472 

- Tan Phu Dist. (Tan Phu Town) 107.435226 11.270965 0.0236 

- Thong Nhat Dist. (Dinh Quan Town) 107.16795 11.060467 0.0383 

- Trang Bom (Trang Bom Town) 107.003624 10.955345 0.0217 

- Vinh Cuu Dist. (Vinh An Town) 107.038462 11.098241 0.0284 

- Xuan Loc Dist. (Gia Ray Town) 107.403706 10.927688 0.0509 

23. Dong Thap         

- Cao Lanh Town (My Tho Town) 105.633243 10.455979 0.0366 

- Sa Dec Town (War 1) 105.762854 10.298121 0.0400 

- Cao Lanh Dist. (My Tho Town) 105.70179 10.442039 0.0291 

- Chau Thanh Dist. (Cai Tau Ha Town) 105.873348 10.260056 0.0298 

- Hong Ngu Dist. (Hong Ngu Town) 105.340032 10.811857 0.0321 

- Lai Vung Dist. (Lai Vung Town) 105.659366 10.287555 0.0607 

- Lap Vo Dist. (Lap Vo Town) 105.52284 10.363814 0.0734 

- Tam Nong Dist. (Tram Chim Town) 105.560892 10.674848 0.0225 

- Tan Hong Dist. (Sa Rai Town) 105.457101 10.871163 0.0182 
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- Thanh Binh Dist. (Thanh B×nh Town) 105.486201 10.561593 0.0436 

- Thap Muoi Dist. (My An Town) 105.843459 10.524121 0.0155 

24. Gia Lai         

- Plei Ku City (Dien Hong Ward) 107.991214 13.974191 0.0511 

- An Khe Town (An Khe Town) 108.664139 13.95168 0.0773 

- Ayun Pa Dist. (Ayun Pa Town) 108.439786 13.41028 0.0508 

- Ch Pah Dist. (Phu Hoa Town) 107.969942 14.107336 0.0594 

- Ch Prong Dist. (Ch Prong Town) 107.889673 13.759704 0.0210 

- Ch Se Dist. (Ch se Town) 108.073222 13.700705 0.0345 

- Dak Doa Dist. (Dak Doa Town) 108.120462 13.994536 0.0577 

- Dak Po Dist. (Dak Po Town) 108.671174 14.082535 0.0731 

- Duc Co Dist. (Ch Ty Town) 107.694886 13.801141 0.0202 

- Ia Grai Dist. (Ia Kha Town) 107.83509 13.961232 0.0275 

- Ia Pa Dist. (Kim Tan) 108.457231 13.540817 0.0622 

- K'Bang Dist. (Kbang Town) 108.598412 14.145268 0.0697 

- Kong Chro Dist. (Kong Chro Town) 108.521393 13.801335 0.0717 

- Krong Pa Dist. (Phu Tuc Town) 108.695845 13.198394 0.0604 

- Mang Yang Dist. (Kon Dong Town) 108.252462 14.042736 0.0405 

25. Ha Giang         

- Ha Giang Town (Tran Phu Ward) 104.9837792 22.83283737 0.0682 

- Bac Me Dist. (Bac Me Town) 105.305308 22.741219 0.0356 

- Bac Quang Dist. (Viet Quang Town) 104.8060469 22.41500382 0.0320 

- Dong Van Dist. (Dong Van Town) 105.356464 23.280899 0.0221 

- Hoang Su Phi Dist. (Vinh Quang Town) 104.6850984 22.73882994 0.0176 

- Meo Vac Dist. (Meo Vac Town) 105.4103789 23.16053223 0.0369 

- Quang Binh Dist. (Yen Binh) 104.586634 22.413311 0.0520 

- Quan Ba Dist. (Tam Son Town) 104.9897243 23.06619099 0.0386 

- Vi Xuyen Dist. (Vi Xuyen Town) 104.9798844 22.667222 0.0385 

- Xin Man Dist. (Coc Pai Town) 104.454605 22.694674 0.0216 

- Yen Minh Dist. (Yen Minh Town) 105.1463423 23.11841385 0.0568 

26. Ha Nam         

- Phu Ly Town (Quang Trung Town) 105.915505 20.544784 0.1189 

- Binh Luc Dist. (Binh My Town) 106.003137 20.493094 0.1143 

- Duy Tien Dist. (Hoa Mac Town) 105.990766 20.642315 0.1118 

- Kim Bang Dist. (Que Town) 105.872779 20.577196 0.1134 

- Ly Nhan Dist. (Vinh Tru Town) 106.029229 20.559972 0.1131 

- Thanh Liem District (Thanh Liem Town) 105.94905 20.472582 0.1149 

27. Ha Tay          
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- Ha Dong Town (Nguyen Trai Ward) 105.778885 20.971194 0.1131 

- Son Tay Town (Quang Trung Ward) 105.510271 21.131353 0.1145 

- Ba Vi Dist. (Ba Vi Town) 105.425093 21.195834 0.1167 

- Chuong My Dist. (Chuc Son Town) 105.700983 20.916434 0.1141 

- Dan Phuong Dist. (Phung Town) 105.657816 21.089507 0.1155 

- Hoai Duc Dist. (Troi Town) 105.70983 21.067659 0.1123 

- My Duc Dist. (Te Tieu Town) 105.735597 20.68368 0.0912 

- Phu Xuyen Dist. (Phu Xuyen Town) 105.915206 20.743375 0.1146 

- Phuc Tho Dist. (Phuc Tho Town) 105.539688 21.107071 0.1141 

- Quoc Oai Dist. (Quoc Oai Town) 105.643078 20.992301 0.1161 

- Thach That Dist. (Lien Quan Town) 105.576895 21.054378 0.1140 

- Thanh Oai Dist. (Kim Bai Town) 105.764824 20.855014 0.1128 

- Thuong Tin Dist. (Thuong Tin Town) 105.861191 20.870852 0.1104 

- Ung Hoa Dist. (Van Dinh Town) 105.770106 20.738536 0.1117 

28. Ha Tinh         

- Ha Tinh Town (Bac Ha Ward) 105.89665 18.346182 0.1168 

- Hong Linh Town (Nam Hong Ward) 105.707588 18.527026 0.1110 

- Can Loc Dist. (Nghen Town) 105.775279 18.454758 0.1172 

- Cam Xuyen Dist. (Cam Xuyen Town) 105.994261 18.256549 0.1133 

- Duc Tho Dist. (Duc Tho Town) 105.583482 18.532761 0.1141 

- Huong Khe Dist. (Huong Khe Town) 105.705578 18.173409 0.0498 

- Huong Son Dist. (Pho Chau Town) 105.423086 18.512012 0.0873 

- Ky Anh Dist. (Ky Anh Town) 106.300351 18.069636 0.1013 

- Nghi Xuan Dist. (Nghi Xuan Town) 105.754595 18.662394 0.1083 

- Thach Ha Dist. (Cay Town) 105.86469 18.364955 0.1163 

- Vu Quang Dist. (Vu Quang Town) 105.498918 18.379812 0.0597 

29. Hai Duong         

- Hai Duong City (Nguyen Trai Ward) 106.326396 20.940634 0.1303 

- Binh Giang Dist. (Ke Sat Town) 106.144674 20.908789 0.0752 

- Cam Giang Dist. (Lai Cach Town) 106.274558 20.945733 0.1223 

- Chi Linh Dist. (Sao Do Town) 106.391943 21.112089 0.1189 

- Gia Loc Dist. (Gia Loc Town) 106.295121 20.869196 0.1001 

- Kim Thanh Dist. (Phu Thai Town) 106.512926 20.967817 0.1265 

- Kinh Mon Dist. (An Lu Town) 106.553197 20.98862 0.1212 

- Nam Sach Dist. (Nam Sach Town) 106.334022 20.992673 0.1335 

- Ninh Giang Dist. (Ninh Giang Town) 106.395884 20.731422 0.0701 

- Thanh Ha Dist. (Thanh Ha Town) 106.469742 20.845559 0.1360 
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- Thanh Mien Dist. (Thanh Mien Town) 106.245083 20.788727 0.0636 

- Tu Ky Dist. (Tu Ky Town) 106.401196 20.821568 0.1136 

30. Hau Giang         

- Vi Thanh Town (Ward 5) 105.471824 9.786227 0.0120 

- Chau Thanh Dist. (Nga Sau Town) 105.808079 9.921832 0.0456 

- Chau Thanh A Dist. (Tan Thuan Town) 105.629302 9.923401 0.0247 

- Long My Dist. (Long My Town) 105.571492 9.67952 0.0118 

- Phung Hiep Dist. (Phung Hiep Town) 105.824371 9.810234 0.0308 

- Vi Thuy Dist. (Nang Mau Town) 105.535384 9.751986 0.0126 

31. Hoa Binh         

- Hoa Binh Town (Phuong Lam Ward) 105.3398596 20.82086559 0.0885 

- Cao Phong Dist. (Cao Phong Town) 105.3246899 20.7078822 0.0671 

- Da Bac Dist. (Da Bac Town) 105.2541709 20.87776944 0.0905 

- Kim Boi Dist. (Bo Town) 105.5362471 20.67182514 0.0406 

- Ky Son Dist. (Ky Son Town) 105.356125 20.887864 0.0917 

- Lac Son Dist. (Vu Ban Town) 105.4427684 20.46439368 0.1177 

- Lac Thuy Dist. (Chi Ne Town) 105.7775288 20.49038874 0.0642 

- Luong Son Dist. (Luong Son Town) 105.5389122 20.87662554 0.0698 

- Mai Chau Dist. (Mai Chau Town) 105.092421 20.66414 0.1269 

- Tan Lac Dist. (Muong Khen Town) 105.2767206 20.6211141 0.0848 

- Yen Thuy Dist. (Hang Tram Town) 105.6227558 20.39494977 0.0964 

32. Hung Yen         

- Hung Yen Town (Minh Khai Town) 106.05127 20.646953 0.1127 

- An Thi Dist. (An Thi Town) 106.08897 20.81881 0.0811 

- Khoai Chau Dist. (Khoai Chau Town) 105.977582 20.839329 0.1046 

- Kim Dong Dist. (Luong Hoi Town) 106.059764 20.73974 0.1081 

- My Hao Dist. (Ban Yen Nhan Town) 106.058124 20.93455 0.0725 

- Phu Cu Dist. (Tran Cao Town) 106.178201 20.733723 0.0795 

- Tien Lu Dist. (Vuong Town) 106.117416 20.700827 0.1047 

- Van Giang Dist. (Van Giang Town) 105.927165 20.935896 0.0885 

- Van Lam Dist. (Nhu Quynh Town) 105.988208 20.977832 0.0748 

- Yen My Dist. (Yen My Town) 106.034133 20.882932 0.0808 

33. Khanh Hoa         

- Nha Trang City (Tan Lap Ward) 109.191551 12.244791 0.0332 

- Cam Ranh Town (Ba Ngoi Ward) 109.133261 11.91303 0.0215 

- Dien Khanh Dist. (Dien Khanh Town) 109.098422 12.257695 0.0299 

- Khanh Son Dist. (To Hap Town) 108.951225 12.002801 0.0450 

- Khanh Vinh Dist. (Khanh Vinh Town) 108.904622 12.279859 0.0201 
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- Ninh Hoa Dist. (Ninh Hoa Town) 109.12572 12.490493 0.0343 

- Truong Sa Dist. (Island) 114.418039 7.817655 0.0169 

- Van Ninh Dist. (Van Gia Town) 109.227068 12.698377 0.0197 

34. Kien Giang         

- Ha Tien Town (Dong Ho Ward) 104.490182 10.385716 0.0057 

- Rach Gia Town (Vinh Thanh Van Ward) 105.086564 10.010594 0.0094 

- An Bien Dist. (Thu Ba Town) 105.061727 9.811132 0.0074 

- An Minh Dist. (Thu Muoi Mot Town) 104.946359 9.612347 0.0059 

- Chau Thanh Dist. (Minh Luong Town) 105.158699 9.903343 0.0092 

- Giong Rieng Dist. (Giong Rieng Town) 105.312519 9.908547 0.0117 

- Go Guao Dist. (Go Quao Town) 105.272082 9.731211 0.0087 

- Hon Dat Dist. (Hon Dat Town) 104.925836 10.186862 0.0094 

- Kien Hai Dist. (Island) 104.301973 9.720517 0.0040 

- Kien Luong Dist. (Kien Luong Town) 104.642986 10.28578 0.0069 

- Phu Quoc Dist. (Duong Dong Town) 103.958416 10.212509 0.0040 

- Tan Hiep Dist. (Tan Hiep Town) 105.29992 10.130866 0.0179 

- Vinh Thuan Dist. (Vinh Thuan Town) 105.258874 9.512571 0.0082 

35. Kon Tum         

- Kon Tum Town (Thang Loi Ward) 108.007267 14.354658 0.0758 

- Dak Glei Dist. (Dak Glei Town) 107.736358 15.091423 0.0717 

- Dak Ha Dist. (Dak Ha Town) 107.919373 14.526413 0.0505 

- Dak To Dist. (Dak To Town) 107.838568 14.66153 0.0550 

- Kon Plong Dist. (Kon Leng) 108.345897 14.613445 0.0762 

- Kon Ray Dist. (Tan Lap Town) 108.250823 14.519737 0.0796 

- Ngoc Hoi Dist. (Plei KanTown) 107.696224 14.706999 0.0738 

- Sa That District (Sa Thay Town) 107.793349 14.420232 0.0542 

36. Lai Chau         

- Lai Chau Town   103.472917 22.391567 0.0700 

- Muong Te Dist. (Muong Te Town) 102.820064 22.387133 0.1195 

- Phong Tho Dist. (Phong Tho Town) 103.462915 22.385888 0.0701 

- Sin Ho Dist. (Sin Ho Town) 103.251315 22.351086 0.1297 

- Tam Duong Dist. (Tam Duong Town) 103.472917 22.391567 0.0701 

- Than Uyen Dist. (Than Uyen Town) 103.889727 21.962819 0.1152 

37. Lang Son         

- Lang Son City (Vinh Trai Ward) 106.759992 21.853513 0.0805 

- Bac Son Dist. (Bac Son Town) 106.317169 21.901923 0.0176 

- Binh Gia Dist. (Binh Gia Town) 106.371625 21.948446 0.0205 
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- Cao Loc Dist. (Cao Loc Town) 106.768449 21.866315 0.0802 

- Chi Lang Dist. (Dong Mo Town) 106.576355 21.660959 0.0213 

- Dinh Lap Dist. (Dinh Lap Town) 107.096207 21.546155 0.0802 

- Huu Lung Dist. (Huu Lung Town) 106.344899 21.509724 0.0820 

- Loc Binh Dist. (Loc Binh Town) 106.926516 21.757322 0.0806 

- Trang Dinh Dist. (That Khe Town) 106.473043 22.253088 0.0801 

- Van Lang Dist. (Na Sam Town) 106.616053 22.054548 0.0802 

- Van Quan Dist. (Van Quan Town) 106.547299 21.865732 0.0301 

38. Lao Cai         

- Lao Cai Town (Coc Luu Ward) 103.968527 22.507091 0.1116 

- Cam Duong Town (Pom Han Ward) 104.015955 22.418044 0.0972 

- Bac Ha Dist. (Bac Ha Town) 104.291493 22.539511 0.0593 

- Bao Thang Dist. (Pho Lu Town) 104.186728 22.318476 0.1094 

- Bao Yen Dist. (Pho Rang Town) 104.476475 22.237354 0.1132 

- Bat Xat Dist. (Bat Sat Town) 103.893608 22.537018 0.1042 

- Muong Khuong Dist. (Muong Khuong Town) 104.102986 22.771342 0.0384 

- Sa Pa Dist. (Sa Pa Town) 103.845575 22.335158 0.0427 

- Van Ban Dist. (Khanh Yen Town) 104.250796 22.091811 0.0567 

- Si Ma Cai Dist. (Si Ma Cai) 104.294585 22.697517 0.0291 

39. Lam Dong         

- Da Lat City (Ward 3) 108.43402 11.936 0.0219 

- Bao Loc Town (B'Lao ward) 107.807439 11.542405 0.0154 

- Bao Lam Dist. (Loc Thang Town) 107.825884 11.642316 0.0174 

- Cat Tien Dist. (Dong Nai Town) 107.360512 11.584006 0.0455 

- Di Linh Dist. (Di Linh Town) 108.074617 11.577721 0.0245 

- Da Huoai Dist. (Ma Da Gui Town) 107.534561 11.387661 0.0154 

- Da The Dist. (Da The Town) 107.484525 11.512878 0.0228 

- Don Duong Dist. (Thanh My Town) 108.492358 11.762639 0.0457 

- Duc Trong Dist. (Lien Nghia Town) 108.375235 11.733866 0.0356 

- Lam Ha Dist. (Dinh Van Town) 108.254247 11.788215 0.0215 

- Lac Duong Dist. (Lac Duong Town) 108.408529 12.009099 0.0187 

40. Long An         

- Tan An Town (Ward 1) 106.411743 10.541802 0.0516 

- Ben Luc Dist. (Ben Luc Town) 106.486563 10.638107 0.0647 

- Can Giuoc Dist. (Can Giuoc Town) 106.670982 10.605332 0.0622 

- Can Duoc Dist. (Can Duoc Town) 106.604835 10.503635 0.0650 

- Chau Thanh Dist. (Tam Vu Town) 106.468131 10.444803 0.0485 

- Duc Hoa Dist. (Hau Nghia Town) 106.387177 10.907938 0.0540 
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- Duc Hue Dist. (Dong Thanh Town) 106.296351 10.89856 0.0654 

- Moc Hoa Dist. (Moc Hoa Town) 105.937627 10.777547 0.0158 

- Tan Hung Dist. (Tan Hung Town) 105.661632 10.835658 0.0130 

- Tan Thanh Dist. (Tan Thanh Town) 106.047671 10.608057 0.0156 

- Tan Tru Dist. (Tan Tru Town) 106.507903 10.514757 0.0640 

- Thanh Hoa Dist. (Thanh Hoa Town) 106.166714 10.653776 0.0246 

- Thu Thua Dist. (Thu Thua Town) 106.405058 10.605279 0.0603 

- Vinh Hung Dist. (Vinh Hung Town) 105.789574 10.886246 0.0137 

41. Nam Dinh         

- Nam Dinh City (Ngo Quyen Ward) 106.171334 20.427704 0.1180 

- Giao Thuy Dist. (Ngo Dong Town) 106.440718 20.2829 0.1145 

- Hai Hau Dist. (Yen Dinh Town) 106.295842 20.199767 0.1139 

- My Loc Dist. (My Loc Town) 106.088086 20.441218 0.1167 

- Nam Truc Dist. (Nam Truc Town) 106.176079 20.335498 0.1142 

- Nghia Hung Dist. (Lieu De Town) 106.180941 20.22008 0.1157 

- Truc Ninh Dist. (Co Le Town) 106.264193 20.323263 0.1155 

- Vu Ban Dist. (Goi Town) 106.072681 20.331566 0.1163 

- Xuan Truong Dist. (Xuan Ngoc Town) 106.330964 20.297169 0.1176 

- Y Yen Dist. (Lam Town) 106.007399 20.329228 0.1123 

42. Nghe An         

- Vinh City (Le Mao Ward) 105.681387 18.671165 0.1041 

- Cua Lo Town (Nghi Thuy Ward) 105.716337 18.819934 0.1071 

- Anh Sown Dist. (Anh Son Town) 105.083191 18.930485 0.1073 

- Con Cuong Dist. (Con Cuong Town) 104.880086 19.049554 0.1102 

- Dien Chau Dist. (Dien Chau Town) 105.599147 18.977107 0.0788 

- Do Luong Dist. (Do Luong Town) 105.30615 18.903916 0.1092 

- Huong Nguyen Dist. (Huong Nguyen Town) 105.628472 18.6712 0.1037 

- Ky Son Dist. (Muong Xen Town) 104.154466 19.394728 0.0888 

- Nam Dan Dist. (Nam Dan Town) 105.492222 18.702136 0.1082 

- Nghi Loc Dist. (Quan Hanh Town) 105.645664 18.783319 0.1086 

- Nghia Dan Dist. (Thai Hoa Town) 105.43593 19.325734 0.0427 

- Que Phong Dist. (Kim Son Town) 104.924229 19.61435 0.0277 

- Quy Chau Dist. (Quy Chau Town) 105.095481 19.548518 0.0350 

- Quy Hop Dist. (Quy Hop Town) 105.183709 19.325404 0.0374 

- Quynh Lu Dist. (Cau Giat Town) 105.6306 19.14745 0.0390 

- Tan Ky Dist. (Tan Ky Town) 105.26948 19.049002 0.0886 

- Thanh Chuong Dist. (Thanh Chuong Town) 105.336276 18.785598 0.1071 
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- Tuong Duong Dist. (Hoa Binh Town) 104.477319 19.259857 0.0954 

- Yen Thanh Dist. (Yen Minh Town) 105.464452 18.997171 0.0924 

43. Ninh Binh         

- Ninh Binh Town (Thanh Binh Ward) 105.98183 20.256335 0.0984 

- Tam Diep Town (Bac Son Ward) 105.919076 20.157066 0.0920 

- Gia Vien Dist. (Me Town) 105.834555 20.347562 0.0724 

- Hoa Lu Dist. (Hoa Lu Town) 105.954345 20.299293 0.0983 

- Kim Son Dist. (Phat Diem Town) 106.084602 20.091934 0.1053 

- Nho Quan Dist. (Nho Quan Town) 105.75226 20.323427 0.0825 

- Yen Khanh Dist. (Yen Ninh Town) 106.062016 20.185691 0.1067 

- Yen Mo Dist. (Yen Thinh Town) 106.005661 20.162567 0.0923 

44. Ninh Thuan         

- Phan Rang-Thap Cham Town (My Huong Ward) 108.989288 11.567571 0.0231 

- Bac Ai Dist. (Bac Ai Town) 108.887729 11.83015 0.0325 

- Ninh Hai Dist. (Khanh Hai Town) 109.036483 11.59036 0.0245 

- Ninh Phuoc Dist. (Phuoc Dan Town) 108.923438 11.522553 0.0222 

- Ninh Son Dist. (Tan Son Town) 108.78436 11.773564 0.0369 

45. Phu Tho         

- Viet Tri City  (Tho Son Ward) 105.410522 21.305913 0.1128 

- Phu Tho Town (Au Co Ward) 105.221368 21.401265 0.1160 

- Doan Hung Dist. (Doan Hung Town) 105.178989 21.632806 0.1089 

- Ha Hoa Dist. (Ha Hoa Town) 105.006482 21.562738 0.1111 

- Lam Thao Dist. (Lam Thao Town) 105.281875 21.329406 0.1098 

- Phu Ninh Dist. (Phong Chau Town) 105.305197 21.410059 0.1132 

- Song Thao Dist. (Song Thao Town) 105.132613 21.422193 0.1088 

- Tam Nong Dist. (Hung Hoa Town) 105.292099 21.251362 0.1097 

- Thanh Ba Dist. (Thanh Ba Town) 105.140678 21.499073 0.1136 

- Thanh Son Dist. (Thanh Son Town) 105.179711 21.202368 0.0689 

- Thanh Thuy Dist. (Thanh Thuy Town) 105.280681 21.170235 0.0997 

- Yen Lap Dist. (Yen Lap Town) 105.048096 21.354024 0.0617 

46. Phu Yen         

- Tuy Hoa Town (Ward 1) 109.324421 13.09243 0.0690 

- Dong Xuan Dist. (La Hai Town) 109.106491 13.378728 0.1095 

- Phu Hoa Dist. (Hoa My Dong) 109.226917 12.952653 0.0523 

- Song Cau Dist. (Song Cau Town) 109.221112 13.458987 0.1033 

- Song Hinh Dist. (Hai Rieng Town) 108.903189 12.986454 0.0511 

- Son Hoa Dist. (Cung Son Town) 108.959763 13.057795 0.0719 

- Tuy An Dist. (Chi Thanh Town) 109.215079 13.308043 0.1061 
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- Tuy Ho Dist.à (Phu Lam Town) 109.312054 13.066575 0.0656 

47. Quang Binh         

- Dong Hoi City (Hai Dinh Ward) 106.622424 17.46548 0.0950 

- Bo Trach Dist. (Hoan Lao Town) 106.533327 17.587024 0.0407 

- Le Thuy Dist. (Kien Giang Town) 106.785575 17.226093 0.0319 

- Minh Hoa Dist. (Quy Dat Town) 105.969561 17.815071 0.0315 

- Quang Ninh Dist (Quan Hau Town) 106.637813 17.407999 0.0266 

- Quang Trach Dist. (Ba Don Town) 106.424727 17.752391 0.0440 

- Tuyen Hoa Dist. (Dong Le Town) 106.019341 17.883872 0.0426 

48. Quang Nam         

- Tam Ky Town (An Xuan Ward) 108.492214 15.565588 0.0802 

- Hoi An Town (Minh An Ward) 108.331745 15.878151 0.0324 

- Bac Tra My Dist. (Tra My Town) 108.222856 15.343547 0.0693 

- Duy Xuyen Dist. (Nam Phuoc Town) 108.251812 15.825662 0.0263 

- Dai Loc Dist. (Ai Nghia Town) 108.113664 15.882262 0.0300 

- Dien Ban Dist.  (Vinh Dien Town) 108.246684 15.893582 0.0341 

- Dong Giang Dist. (P Rao Town) 107.653069 15.928123 0.0547 

- Hiep Duc Dist. (Tan An Town) 108.117915 15.582305 0.0860 

- Nam Giang Dist. (Thach My Town) 107.831939 15.750486 0.0417 

- Nam Tra My Dist. (Tra Mai) 108.112737 15.157413 0.0627 

- Nui Thanh Dist. (Nui Thanh Town) 108.658112 15.432075 0.0580 

- Phuoc Son Dist. (Kham Duc Town) 107.79906 15.459941 0.1017 

- Que Son Dist. (Dong Phu Town) 108.219236 15.673568 0.0493 

- Tay Giang Dist. (Plang) 107.475819 15.858329 0.0924 

- Thang Binh Dist. (Ha Lam Town) 108.355574 15.742649 0.0301 

- Tien Phuoc Dist. (Tien Ky Town) 108.306709 15.489836 0.0919 

49. Quang Ngai         

- Quang Ngai Town (Tran Hung Dao Ward) 108.800936 15.122537 0.0824 

- Ba To Dist. (Ba To Town) 108.737593 14.768115 0.1068 

- Binh Son Dist. (Chau O Town) 108.757199 15.300061 0.0519 

- Duc Pho Dist. (Duc Pho Town) 108.956277 14.812032 0.1060 

- Ly Son Dist. (Ly Son Town) 109.115841 15.375097 0.0802 

- Minh Long Dist. (Long Hiep Town) 108.700492 14.931858 0.0350 

- Mo Duc Dist. (Mo Duc Town) 108.887505 14.957452 0.0493 

- Nghia Hanh Dist. (Cho Chua Town) 108.778313 15.048485 0.0542 

- Son Ha Dist. (Di Lang Town) 108.468837 15.041504 0.0457 

- Son Tay Dist. (Son Dung) 108.337523 14.994259 0.0306 
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- Son Tinh Dist. (Son Tinh Town) 108.797343 15.156215 0.0912 

- Tay Tra Dist. (Son Dung) 108.35639 15.167678 0.0887 

- Tra Bong Dist. (Tra Xuan Town) 108.523132 15.255853 0.0804 

- Tu Nghia Dist. (La Ha Town) 108.825801 15.089916 0.0707 

50. Quang Ninh          

- Ha Long City (Hon Gai Ward) 107.074243 20.948629 0.0882 

- Cam Pha Town (Cam Thanh Ward) 107.278208 21.012186 0.0721 

- Mong Cai Town (Tran Phu Ward) 107.970443 21.530378 0.0577 

- Uong Bi Town (Trung Vuong Ward) 106.791821 21.032751 0.1142 

- Ba Che Dist. (Ba Che Town) 107.279583 21.27295 0.1034 

- Binh Lieu Dist. (Binh Lieu Town) 107.395971 21.524648 0.0455 

- Co To Dist. (Island) 107.76484 20.971747 0.0165 

- Dam Ha Dist. (Dam Ha Town) 107.595267 21.353367 0.0687 

- Dong Trieu Dist. (Dong Trieu Town) 106.51354 21.082132 0.1118 

- Hai Ha Dist. (Quang Ha Town) 107.753631 21.450392 0.0558 

- Hoanh Bo Dist. (Troi Town) 106.99051 21.028425 0.1082 

- Tien Yen Dist. (Tien Yen Town) 107.403884 21.332414 0.0782 

- Van Don Dist. (Cai Rong Town) 107.419432 21.07302 0.0689 

- Yen Hung Dist. (Quang Yen Town) 106.79862 20.939553 0.1220 

51. Quang Tri         

- Dong Ha Town (Ward 1) 107.098572 16.823541 0.0275 

- Quang Tri Town (Ward 1) 107.187234 16.74213 0.0301 

- Cam Lo Dist. (Cam Lo Town) 107.004268 16.80916 0.0281 

- Da Krong Dist. (Da Krong Town) 106.815813 16.659978 0.0612 

- Gio Linh Dist. (Gio Linh Town) 107.076008 16.93381 0.0317 

- Hai Lang Dist. (Hai Lang Town) 107.246103 16.692543 0.0349 

- Huong Hoa Dist. (Khe Sanh Town) 106.729258 16.624655 0.0539 

- Trieu Phong Dist. (Ai Tu Town) 107.160477 16.775643 0.0286 

- Vinh Linh Dist. (Ho Xa Town) 107.014103 17.060399 0.0373 

52. Soc Trang         

- Soc Trang Town (Ward 2) 105.972247 9.605256 0.0258 

- Cu Lao Dung Dist. (Vinh Chau Town) 106.162888 9.627605 0.0554 

- Ke Sach Dist. (Ke Sach Town) 105.983829 9.769237 0.0464 

- Long Phu Dist. (Long Phu Town) 106.124848 9.607922 0.0446 

- My Tu Dist. (Huynh Huu Nghia Town) 105.809689 9.636811 0.0173 

- My Xuyen Dist. (My Xuyen Town) 105.986776 9.558628 0.0250 

- Nga Nam Dist. (Nga Nam Town) 105.596275 9.566195 0.0111 

- Thanh Tri Dist. (Phu Loc Town) 105.743041 9.429983 0.0163 
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- Vinh Chau Dist. (Vinh Chau Town) 105.979968 9.327988 0.0396 

53. Son La         

- Son La Town (Chieng Le Ward) 103.910582 21.332297 0.1893 

- Bac Yen Dist. (Bac Yen Town) 104.420908 21.247708 0.0871 

- Mai Son Dist. (Hat Lot Town) 104.106526 21.195342 0.1111 

- Moc Chau Dist. (Moc Chau Town) 104.6237 20.851692 0.1197 

- Muong La Dist. (Muong La Town) 104.0272698 21.51706531 0.1005 

- Phu Yen Dist. (Phu Yen Town) 104.645334 21.259092 0.0826 

- Quynh Nhai Dist. (Quynh Nhai Town) 103.570129 21.850123 0.0832 

- Song Ma Dist. (Song Ma Town) 103.747788 21.051554 0.1193 

- Sop Cop Dist. (Sop Cop Town) 103.599504 20.939023 0.1183 

- Thuan Chau Dist. (Thuan Chau Town) 103.688492 21.437194 0.1318 

- Yen Chau Dist. (Yen Chau Town) 104.299358 21.047671 0.1077 

54. Tay Ninh         

- Tay Ninh Town (Ward 2) 106.085951 11.311484 0.0575 

- Ben Cau Dist. (Ben Cau Town) 106.178575 11.111378 0.0631 

- Chau Thanh Dist. (Chau Thanh Town) 106.029823 11.313305 0.0650 

- Duong Minh Chau Dist. (Duong Minh Chau Town) 106.220049 11.377176 0.0647 

- Go Dau Dist. (Go Dau Town) 106.264426 11.083993 0.0578 

- Hoa Thanh Dist. (Hoa Thanh Town) 106.127286 11.288293 0.0551 

- Tan Bien Dist. (Tan Bien Town) 106.004801 11.54358 0.0570 

- Tan Chau Dist. (Tan Chau Town) 106.161433 11.554078 0.0647 

- Trang Bang Dist. (Trang Bang Town) 106.358571 11.030987 0.0634 

55. Thai Binh         

- Thai Binh City (Le Hong Phong Ward) 106.342015 20.446666 0.1074 

- Dong Hung Dist. (Dong Hung Town) 106.353272 20.557551 0.0766 

- Hung Ha Dist. (Hung Ha Town) 106.22411 20.590765 0.1032 

- Kien Xuong Dist. (Kien Xuong Town) 106.43684 20.389371 0.1012 

- Quynh Phu Dist. (Quynh Coi Town) 106.327377 20.661477 0.0617 

- Thai Thuy Dist. (Diem Dien Town) 106.566321 20.561343 0.0523 

- Tien Hai Dist. (Tien Hai Town) 106.50293 20.40545 0.0777 

- Vu Thu Dist. (Vu Thu Town) 106.296237 20.436117 0.1126 

56. Thai Nguyen         

- Thai Nguyen City (Trung Vuong Ward) 105.843674 21.596704 0.0928 

- Song Cong Town (Tan Quang Ward) 105.8506 21.482478 0.0856 

- Dai Tu Dist. (Dai Tu Town) 105.641588 21.630288 0.1185 

- Dinh Hoa Dist. (Cho Chu Town) 105.645948 21.909531 0.0468 
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- Dong Hy Dist. (Chua Hang Town) 105.839291 21.627437 0.0953 

- Pho Yen Dist. (Ba Hang Town) 105.877824 21.414122 0.0945 

- Phu Binh Dist. (Uc Son Town) 105.977524 21.459705 0.0646 

- Phu Luong Dist. (Du Town) 105.703666 21.731275 0.1032 

- Vo Nhai Dist. (Dinh Ca Town) 106.076177 21.750977 0.0451 

57. Thanh Hoa         

- Thanh Hoa City (Dien Bien Ward) 105.777997 19.812634 0.0918 

- Bim Son Town (Bac Son Ward) 105.857165 20.099832 0.1205 

- Sam Son Town (Bac Son Ward) 105.897468 19.737447 0.0798 

- Ba Thuoc Dist. (Canh Nang Town) 105.233384 20.345956 0.1184 

- Cam Thuy Dist. (Cam Thuy Town) 105.475186 20.216261 0.1172 

- Dong Son Dist. (Rung Thong Town) 105.733188 19.816115 0.0929 

- Ha Trung Dist. (Ha Trung Town) 105.851902 20.011608 0.1439 

- Hau Loc Dist. (Hau Loc Town) 105.890345 19.916804 0.1261 

- Hoang Hoa Dist. (But Son Town) 105.853757 19.861982 0.1054 

- Lang Chanh Dist. (Lang Chanh Town) 105.242915 20.155001 0.1051 

- Muong Lat Dist. (Muong Lat Town) 104.608331 20.538586 0.1053 

- Nga Son Dist. (Nga Son Town) 105.970786 20.008426 0.1257 

- Ngoc Lac Dist. (Ngoc Lac Town) 105.372238 20.091934 0.1002 

- Nhu Thanh Dist. (Nhu Thanh Town) 105.575911 19.632547 0.0853 

- Nhu Xuan Dist. (Yen Cat Town) 105.430577 19.663219 0.0540 

- Nong Cong Dist. (Nong Cong Town) 105.686447 19.705461 0.1049 

- Quang Xuong Dist. (Quang Xuong Town) 105.829966 19.727482 0.0859 

- Quan Hoa Dist. (Quan Hoa Town) 105.103108 20.381078 0.1121 

- Quan Son Dist. (Quan Son Town) 104.898163 20.265935 0.0806 

- Thach Thanh Dist. (Kim Tan Town) 105.670291 20.12894 0.1421 

- Tho Xuan Dist. (Tho Xuan Town) 105.519467 19.935256 0.0997 

- Thuong Xuan Dist. (Thuong Xuan Town) 105.35011 19.904063 0.0953 

- Thieu Hoa Dist. (Van Ha Town) 105.678657 19.882446 0.0928 

- Tinh Gia Dist. (Tinh Gia Town) 105.776541 19.449496 0.0986 

- Trieu Son Dist. (Trieu Son Town) 105.595675 19.819138 0.1017 

- Vinh Loc Dist. (Vinh Loc Town) 105.614134 20.062668 0.1066 

- Yen Dinh Dist. (Quan Lao Town) 105.653484 19.970766 0.0874 

58. Thua Thien – Hue         

- Hue City (Phu Hoi Ward) 107.593495 16.462799 0.0538 

- A Luoi Dist. (A Luoi Town) 107.230915 16.276708 0.0573 

- Huong Thuy Dist. (Phu Bai Town) 107.687393 16.399311 0.0492 

- Huong Tra Dist. (Tu Ha Town) 107.467543 16.532178 0.0539 
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- Nam Dong Dist. (Khe Tre Town) 107.723552 16.168526 0.0804 

- Phu Loc Dist. (Phu Loc Town) 107.860479 16.280188 0.0434 

- Phu Vang Dist. (Phu Vang Town) 107.614496 16.526909 0.0535 

- Phong Dien Dist. (Phong Dien Town) 107.362825 16.581553 0.0496 

- Quang Dien Dist. (Sia Town) 107.507752 16.576283 0.0453 

59. Tien Giang         

- My Tho City (Ward 1) 106.366702 10.358815 0.0237 

- Go Cong Town (Ward 3) 106.6784 10.366289 0.0817 

- Cai Be Dist. (Cai Be Town) 106.032342 10.338579 0.0156 

- Cai Lay Dist. (Cai Lay Town) 106.117888 10.407743 0.0142 

- Chau Thanh Dist. (Tan Hiep Town) 106.341325 10.449356 0.0280 

- Cho Gao Dist. (Cho Gao Town) 106.463932 10.352172 0.0342 

- Go Cong Dong Dist. (Tan Hoa Town) 106.712035 10.320039 0.0785 

- Go Cong Tay Dist. (Vinh Binh Town) 106.579754 10.345226 0.0574 

- Tan Phuoc Dist. (My Phuoc Town) 106.193071 10.477254 0.0180 

60. Tra Vinh         

- Tra Vinh Town (Ward 4) 106.341455 9.93817 0.0219 

- Cang Long Dist. (Cang Long Town) 106.203383 9.989331 0.0277 

- Cau Ke Dist. (Cau Ke Town) 106.054643 9.870448 0.0660 

- Cau Ngang Dist. (Cau Ngang Town) 106.452095 9.804802 0.0286 

- Chau Thanh Dist. (Chau Thanh Town) 106.346637 9.869448 0.0272 

- Duyen Hai Dist. (Duyen Hai Town) 106.490906 9.634284 0.0491 

- Tieu Can Dist. (Tieu Can Town) 106.188956 9.812608 0.0591 

- Tra Cu Dist. (Tra Cu Town) 106.26231 9.680716 0.0673 

61. Tuyen Quang         

- Tuyen Quang Town (Minh Xuan Ward) 105.212592 21.81438 0.0595 

- Chiem Hoa Dist. (Vinh Loc Town) 105.259989 22.148471 0.0200 

- Ham Yen Dist. (Tan Yen Town) 105.029818 22.073003 0.0486 

- Na Hang Dist. (Na Hang Town) 105.395347 22.350264 0.0438 

- Son Duong Dist. (Son Duong Town) 105.390787 21.701718 0.0627 

- Yen Son Dist. (Yen Son Town) 105.220081 21.796005 0.0620 

62. Vinh Long         

- Vinh Long Town (Ward 1) 105.976463 10.253015 0.0220 

- Binh Minh Dist. (Cai Von Town) 105.823863 10.070005 0.0720 

- Long Ho Dist. (Long Ho Town) 106.012632 10.192599 0.0245 

- Mang Thit Dist. (Cai Nhum Town) 106.110902 10.177833 0.0197 

- Tam Binh Dist. (Tam Binh Town) 105.994227 10.043792 0.0468 
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- Tra On Dist. (Tra On Town) 105.921902 9.965789 0.0642 

- Vung Liem Dist. (Vung Liem Town) 106.18474 10.095803 0.0204 

63. Vinh Phuc         

- Phuc Yen Town (Phuc Lien Town) 105.704866 21.237239 0.0793 

- Vinh Yen Town (Lien Bao Ward) 105.596511 21.312293 0.0837 

- Binh Xuyen Dist. (Huong Canh Town) 105.648005 21.277529 0.0808 

- Lap Thach Dist. (Lap Thach Town) 105.460311 21.415886 0.0969 

- Me Linh Dist. (Phuc Yen Town) 105.704866 21.237239 0.0793 

- Tam Duong Dist. (Tam Duong Town) 105.539313 21.381687 0.0849 

- Vinh Tuong Dist. (Vinh Tuong Town) 105.515329 21.21975 0.1144 

- Yen Lac Dist. (Yen Lac Town) 105.577221 21.23396 0.1088 

64. Yen Bai         

- Yen Bai City (Nguyen Thai Hoc Ward) 104.878837 21.71114 0.1130 

- Nghia Lo Town (Trung Tam Ward) 104.51194 21.60303 0.0680 

- Luc Yen Dist. (Yen The Town) 104.766688 22.097433 0.1086 

- Mu Cang Chai Dist. (Mu Cang Chai Town) 104.086195 21.851122 0.0561 

- Tram Tau Dist. (Tram Tau Town) 104.388593 21.466639 0.0448 

- Tran Yen Dist. (Co Phuc Town) 104.823185 21.758578 0.1102 

- Van Chan Dist. (Lien Son Town) 104.492506 21.652069 0.0694 

- Van Yen Dist. (Mau A Town) 104.685533 21.874889 0.1083 

- Yen Binh Dist. (Yen Binh Town) 104.964057 21.726827 0.1128 

(*) – Top of background acceleration agR was converted according to gravity acceleration g 
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ANNEX I  
(Informative) 

CONVERTING TABLE FROM TOP OF BACKGROUND ACCELERATION INTO 
SEISM GRADE 

Scale MSK-64 Scale MM 

Seism grade Top of background 
acceleration(a)g 

Seism grade Top of background 
acceleration (a)g 

V 0.012 - 0.03 V 0.03 - 0.04 

VI > 0.03 - 0.06 VI 0.06 - 0.07 

VII > 0.06 - 0.12 VII 0.10 - 0.15 

VIII > 0.12 -0.24 VIII 0.25 - 0.30 

IX > 0.24 - 0.48 IX 0.50 - 0.55 

X > 0.48 X > 0.60 
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