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SECTION 1   GENERAL  

1.1      Scope  

1.1.1 Scope of EBCS EN1998  

(1)P  EBCS EN1998 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 EBCS EN 1998.  

(3)P  EBCS EN 1998 contains only those provisions that, in addition to the provisions of the other 

relevant Ethiopian standards, must be observed for the design of structures in seismic regions. It 

complements in this respect the other Ethiopian standards.  

(4)   EBCS EN 1998 is subdivided into various separate Parts (see 1.1.2 and 1.1.3).  

1.1.2 Scope of EBCS EN 1998-1  

(1)   EBCS EN 1998-1 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 EBCS EN 1998-1 contains the basic performance requirements and compliance 

criteria applicable to buildings and civil engineering works in seismic regions.  

(3)   Section 3 of EBCS EN 1998-1 gives the rules for the representation of seismic actions and for 

their combination with other actions. Certain types of structures, dealt with in EBCS EN 1998-2 to EBCS 

EN 1998-6, need complementing rules which are given in those Parts.  

(4)   Section 4 of EBCS EN 1998-1 contains general design rules relevant specifically to buildings.  

(5)   Sections 5 to 9 of EBCS EN 1998-1 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.  
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(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.  

NOTE: - Specific rules for isolation of bridges are developed in EBCS EN 1998-2.  

(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.  

1.1.3 Further Parts of EBCS EN 1998  

(1)P  Further Parts of EBCS EN 1998 include, in addition to EBCS EN 1998-1, the following:  

− ES EN 1998-2 contains specific provisions relevant to bridges;  

− EBCS EN 1998-3 contains provisions for the seismic assessment and retrofitting of existing 

buildings;  

− ES EN 1998-4 contains specific provisions relevant to silos, tanks and pipelines;  

− EBCS EN 1998-5 contains specific provisions relevant to foundations, retaining structures and 

geotechnical aspects;  

− ES EN 1998-6 contains specific provisions relevant to towers, masts and chimneys.  

1.2      Normative References  

(2)P  This Ethiopian 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 European Standard only when incorporated in it by amendment or 

revision. For undated references the latest edition of the publication referred to applies (including 

amendments).  

1.2.1 General reference standards  

EBCS EN 1990   EBCS 1 - Basis of structural design  

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

building and civil engineering structures  

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

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

Common rules and rules for buildings  

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

rules for buildings 

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

and unreinforced masonry  

EBCS EN 1997-1   EBCS 7 - Geotechnical design – Part 1: General rules 
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1.2.2 Reference Codes and Standards  

(1)P  For the application of EBCS EN 1998, reference shall be made to EBCS EN 1990 to EBCS EN 

1997 and to ES EN 1999.  

(2)   EBCS EN 1998 incorporates other normative references cited at the appropriate places in the 

text. They are listed below:  

ES ISO 1000  The international system of units (SI) and its application;  

ES EN 1090-2  Execution of steel structures and aluminum structures – Part 2: Technical requirements 

for steel structures;  

EBCS EN 1993-1-8  EBCS 3 – Design of steel structures – Part 1-8: Design of joints  

EBCS EN 1993-1-10  EBCS 3 – Design of steel structures – Part 1-10: Material toughness and through-

thickness properties  

ES prEN 12512  Timber structures – Test methods – Cyclic testing of joints made with mechanical 

fasteners.  

1.3      Assumptions  

(1)   In addition to the general assumptions of EBCS EN 1990:2013, 1.3, the following assumption 

applies.  

(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 rules of EBCS EN 1990:2013, 1.4 apply.  

1.5      Terms and definitions  

1.5.1 Terms common to all Ethiopian Building codes  

(1)   The terms and definitions given in EBCS EN 1990:2013, 1.5 apply.  

1.5.2 Further terms used in EBCS EN 1998-1  

(1)   The following terms are used in EBCS EN 1998-1 with the following meanings:  

Behaviour 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  

Capacity design 
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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  

Dissipative structure  

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

mechanisms  

Dissipative zones  

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

 NOTE 1 These are also called critical regions.  

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  

Importance factor  

factor which relates to the consequences of a structural failure   

Non-dissipative structure  

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

material behaviour  

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  

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 EBCS EN 1998  

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 EBCS EN 1998, but are designed and detailed to 

maintain support of gravity loads when subjected to the displacements caused by the seismic design situation.  

1.6      Symbols  

1.6.1 General 

(1)   The symbols indicated in EBCS EN 1990:2013, 1.6 apply. For the material-dependent symbols, 

as well as for symbols not specifically related to earthquakes, the provisions of the relevant Ethiopian 

code standards apply.  
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(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 EBCS EN 

1998-1 are listed and defined in 1.6.2 and 1.6.3.  

1.6.2  Further symbols used in Sections 2 and 3 of EBCS EN 1998-1  

AEd  design value of seismic action (= γI AEK)  

AEk  Characteristic value of the seismic action for the reference return period  

Ed design value of action effects  

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 

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. 

Sve(T) elastic vertical ground acceleration response spectrum  

SDe(T) elastic displacement response spectrum  

Sd(T) design spectrum (for elastic analysis)  

S  soil factor  

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  

γI importance factor  

η damping correction factor  

ξ  viscous damping ratio (in percent)  

ψ2,i   combination coefficient for the quasi-permanent value of a variable action i  

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

design seismic action  
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1.6.3 Further symbols used in Section 4 of EBCS EN 1998-1  

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  

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 (appendage)  

Wa  weight of a non-structural element (appendage)  

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 (appendage)  

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  

α  ratio of the design ground acceleration to the acceleration of gravity 

γa importance factor of a non-structural element (appendage)  

γd overstrength factor for diaphragms  

θ   interstorey drift sensitivity coefficient  

1.6.4 Further symbols used in Section 5 of EBCS EN 1998-1  

Ac Area of section of concrete member  

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,i  total area of bars between corner bars in one direction at the cross-section of a column  
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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   

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

VRd,c  design value of shear resistance for members without shear   

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 centerline 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 
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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) 

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  

αo  prevailing aspect ratio of walls of the structural system 

α1    multiplier of horizontal design seismic action at formation of first plastic hinge in the    system  

αu  multiplier of horizontal seismic design action at formation of global plastic mechanism  

γc partial factor for concrete 

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

action effects, accounting for various sources of overstrength. 

γs  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  

εsy,d design value of steel strain at yield 

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

µδ displacement ductility factor  

v  axial force due in the seismic design situation, normalised to Ac,fcd 

ξ  normalised neutral axis depth  

ρ  tension reinforcement ratio  

ρ’    compression steel ratio in beams   

σcm  mean value of concrete normal stress 

ρh reinforcement ratio of horizontal web bars in a wall 

ρl total longitudinal reinforcement ratio 

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

ρv reinforcement ratio of vertical web bars in a wall 

ρw 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 of EBCS EN 1998-1 

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 

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

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 EBCS EN 1993-1-1:2013  

Vpl,Rd  design value of shear resistance of a member in accordance with EBCS EN 1993-11:2013 

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

1-1:2013, 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 EBCS EN 1993-1-1:2013  

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

defined in EBCS EN 1993-1-1:2013 

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

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 EBCS EN 1993- 1-1:2013  

e   length of seismic link 

fy    nominal yield strength of steel  

fy,max  upper value of the yield strength 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 

bending moments MEd,B at the end where plastic hinge forms, both moments taken in absolute 

value  

α1  multiplier of horizontal design seismic action at formation of first plastic hinge in the system  

αu multiplier of horizontal seismic design action at formation of global plastic mechanism  

γM partial factor for material property  

γov  material overstrength factor 

δ  beam deflection at midspan relative to tangent to beam axis at beam end (see Figure 6.11)  

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 

 non-dimensional slenderness of a member as defined in EBCS EN 1993-1-1:2013 

1.6.6 Further symbols used in Section 7 of EBCS EN 1998-1  

Apl horizontal area of the plate 

Ea Modulus of Elasticity of steel  

Ecm mean value of Modulus of Elasticity of concrete in accordance with EBCS EN 1992-1-1:2013 

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 
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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 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 EBCS EN 

1994-1-1:2013  

b width of the flange  

bb width of composite beam (see Figure 7.3a) or bearing width of the concrete of the slab on the 

column (see Figure 7.7).  

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 EBCS EN 1994-1-

1:2013  

lcl clear length of column  

lcl  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  

lf thickness of flange  

γc  partial factor for concrete  

γM  partial factor for material property   

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  
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η  minimum degree of connection as defined in 6.6.1.2 of EBCS EN 1994-1-1:2013 

1.6.7 Further symbols used in Section 8 of EBCS EN 1998-1  

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 EBCS EN 

1995-1-1:2013  

q  behaviour factor  

γM partial factor for material properties 

1.6.8 Further symbols used in Section 9 of EBCS EN 1998-1  

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

satisfying the provisions of EBCS 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 units normal to the bed face  

fbh,min    normalised compressive strength of masonry unit 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  

pmax percentage of the total floor area above the level   

q behaviour factor  

tef  effective thickness of the wall  

∆A,max   maximum difference in horizontal shear wall cross-sectional area between adjacent storeys of 

“simple masonry buildings”  

∆m,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 of EBCS EN 1998-1  

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

consideration, at a displacement equal to the design displacement ddc 
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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 center 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  

(xi,yi) co-ordinates of the isolator unit i relative to the effective stiffness center  

δi amplification factor  

ξeff “effective damping”  

1.7      S.I. Units  

(1)P  S.I. Units in accordance with ES 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, tonne/m3 

− mass: kg, tonne  

− unit weight: kN/m3 

− stresses and strengths: N/mm2 (= MN/m2 or MPa), kN/m2 (=kPa)  

− moments (bending, etc): kNm  

− acceleration: m/s2, g (= 9.81 m/s2) 
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SECTION 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 EBCS EN 1990:2013 and (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 is in the 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. 

− 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 is found in the National Annex of this document. 

The recommended values 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)). 

(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 
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on the importance classes and the corresponding importance factors is given in the relevant Parts of 

EBCS 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 agR
-k

 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 γI  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  

(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 behavior 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 EBCS EN 1998.  

(4)   In cases of very low seismicity, the provisions of EBCS EN 1998 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 EBCS EN 

1998-1 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 EBCS EN 1998.  

(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 EBCS EN 1998. As a limiting 
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case, for the design of structures classified as non-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 over strengths. For steel or composite steel concrete buildings, this 

limiting value of the q factor may be taken as being between 1.5 and 2 (see Note 1 of Table 6.1 or Note 1 

of Table 7.1, respectively). 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.  

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 should be applied when the values of the q factor are determined. The values 

of the q factor given in the various Parts of EBCS EN 1998 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 EBCS EN 1998.  

(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 EBCS EN 1998. 

(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 

EBCS EN 1998, resort shall be made to the capacity design procedure, which is used to obtain the 
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hierarchy of resistance of the various structural components and failure modes necessary for ensuring a 

suitable 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 nonlinear 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 Ethiopian building codes should be used. 
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SECTION 3   GROUND CONDITIONS AND SEISMIC ACTION  

3.1      Ground conditions  

3.1.1 General  

(1)   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 EBCS EN 1998-

5:2013, 4.2.  

(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 EBCS EN 1998-5:2013, Section 4.  

(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.  

NOTE The conditions under which ground investigations additional to those necessary for design for non-

seismic actions may be omitted and default ground classification may be used as specified in the National 

Annex.   

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.  

NOTE The ground classification scheme accounting for deep geology for use is specified in the National 

Annex, including the values of the parameters S, TB, TC and TD defining the horizontal and vertical elastic 

response spectra in accordance with 3.2.2.2 and 3.2.2.3.  
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Table 3.1: Ground types  

 

Ground type Description of stratigraphic profile 
Parameters   

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 meters in 

thickness, characterized 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 meters. 

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 

   

(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:  

,30

1,

30
s

i

i N i

v
h

v=

=

∑
                 (3.1) 

where hi and vi denote the thickness (in meters) 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)   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.  
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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 EBCS EN 1998-

5:2013, Section 6). 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 the purpose of EBCS EN 1998, national territories shall be subdivided into seismic zones, 

depending on the local hazard. By definition, the hazard within each zone is assumed to be constant.  

(2)   For most of the applications of EBCS EN 1998, 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 EBCS EN 1998.  

NOTE The reference peak ground acceleration on type A ground, agR for use is derived from zonation maps 

found in the National Annex.  

(3)   The reference peak ground acceleration, chosen 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) (see 2.1(1)). 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) 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)).  

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

categories of structures may be used.  

NOTE The selection of the categories of structures, ground types and seismic zones for which the provisions 

of low seismicity apply is found in the National Annex. 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/s
2
), or those where the product ag⋅S a is not greater than 0.1 g (0.98 m/s

2
). The selection of whether the value 

of ag or that of the product ag⋅S will be used to define the threshold for low seismicity cases, is found in the 

National Annex.  

(5)P  In cases of very low seismicity, the provisions of EBCS EN 1998 need not be observed. 

NOTE The selection of the categories of structures, ground types and seismic zones for which the EBCS EN 

1998 provisions need not be observed (cases of very low seismicity) is found in the National Annex. It is 

recommended to consider as very low seismicity cases either those in which the design ground acceleration on 

type A ground, ag, is not greater than 0.04g (0,39 m/s
2
), or those where the product ag⋅S is not greater than 

0.05g (0.49 m/s2). The selection of whether the value of ag, or that of the product ag⋅S will be used to define 

the threshold for very low seismicity cases, can be found in the National Annex.  

3.2.2 Basic representation of the seismic action  

3.2.2.1 General  

(1)   Within the scope of EBCS EN1998 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”.  
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(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)   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 1 The selection of the shape of the elastic response spectrum to be used is found in the National Annex.  

NOTE 2 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 

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 EBCS EN 1998-5:2004 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 (see EBCS EN 1998-2, EBCS EN 1998-4 and EBCS EN 1998-6).  

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):  

( ) ( )B e g

B

0 : 1 2.5 1
T

T T S T a S
T

η
 

≤ ≤ = ⋅ ⋅ + ⋅ ⋅ − 
   

          (3.2) 

( )B C e g: 2.5T T T S T a S η≤ ≤ = ⋅ ⋅ ⋅              (3.3) 

( ) C
C D e g: 2.5

T
T T T S T a S

T
η

 
≤ ≤ = ⋅ ⋅ ⋅  

 
            (3.4) 

( ) C D
D e g 2

4 : 2.5
T T

T T s S T a S
T

η
 

≤ ≤ = ⋅ ⋅ ⋅  
 

           (3.5) 

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 = γI⋅agR);  
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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.  

 

 
Figure 3.1: Shape of the elastic response spectrum 

(2)P  The values of the period 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 The values to be ascribed to TB, TC, TD,  and S for each ground type and type (shape) of spectrum to 

be used is found in the National Annex. If deep geology is not accounted for (see 3.1.2(1) ), the recommended 

choice is the use of two types of spectra: Type 1 and Type 2. If the earthquakes that contribute most to the 

seismic hazard defined for the site for the purpose of probabilistic hazard assessment have a surface-wave 

magnitude, Ms, not greater than 5.5, it is recommended that the Type 2 spectrum is adopted. 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 for the Type 1 Spectrum and in Table 3.3 for the Type 2 Spectrum. Figure 3.2 and Figure 3.3 show the 

shapes of the recommended Type 1 and Type 2 spectra, respectively, normalised by ag, for 5% damping. 

Different spectra may be defined in the National Annex, if deep geology is accounted for.  

 

Table 3.2: Values of the parameters describing the recommended Type 1 elastic response spectra 

Ground type  S  TB(s) TC(s) TD(s) 

A  1.0  0.05 0.25  1.2  

B  1.35  0.05  0.25  1.2  

C  1.5  0.10  0.25  1.2  

D  1.8  0.10  0.30  1.2  

E  1.6  0.05  0.25  1.2  
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Table 3.3: Values of the parameters describing the recommended Type 2 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 

 
 

 
Figure 3.2: Recommended Type 1 elastic response spectra for ground types A to E (5% damping)  



[Type text] [Type text] EBCS EN 1998-1-1:2013 

24 

 

Figure 3.3: Recommended Type 2 elastic response spectra for ground types A to E (5% damping) 

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:  

( )10 5 0.55η ξ= + ≥                  (3.6)  

Where 

�  is the viscous damping ratio of the structure, expressed  as a percentage.  

 

(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 EBCS EN 1998.  

(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:  

( ) ( )
2

De e
2

T
S T S T

π

 
=  

 
                 (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 4.0 

s, the elastic acceleration response spectrum may be derived from the elastic displacement response spectrum 

by inverting expression (3.7).  
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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).  

( ) ( )B ve vg

B

0 : 1 3.0 1
T

T T S T a
T

η
 

≤ ≤ = ⋅ + ⋅ ⋅ − 
 

             (3.8) 

( )B C ve vg: 3.0T T T S T a η≤ ≤ = ⋅ ⋅                (3.9)  

( ) C
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T T T S T a

T
η

 
≤ ≤ = ⋅ ⋅  

 
             (3.10) 

( ) C D
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4 : 3.0
T T

T T s S T a
T
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⋅ 

≤ ≤ = ⋅ ⋅  
 

            (3.11) 

NOTE The values to be ascribed to TB, TC, TD , and avg for each type (shape) of vertical spectrum to be used is 

found in the National Annex. The recommended choice is the use of two types of vertical spectra: Type 1 and 

Type 2. As for the spectra defining the horizontal components of the seismic action, if the earthquakes that 

contribute most to the seismic hazard defined for the site for the purpose of probabilistic hazard assessment 

have a surface-wave magnitude, Ms, not greater than 5.5, it is recommended that the Type 2 spectrum is 

adopted. 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 3.4. These recommended values do not apply for special ground types S1 

and S2.  

Table 3.4: Recommended values of parameters describing the vertical elastic response spectra 

Spectrum avg/ag TB (s) TC (s) TD (s) 

Type 1  0.90 0.05  0.15  1.0  

Type 2  0.45 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:  

0.025g g C Dd a S T T= ⋅ ⋅ ⋅ ⋅                 (3.12) 

with ag, S, TC and TD are 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.  
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(3)P  The behaviour factor q is an approximation of the ratio of the seismic forces that the structure 

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 EBCS EN 1998. 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:  

( )B d g

B

2 2.5 2
0 :

3 3
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T T S T a S

T q

  
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where 

ag, S, TB, 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 β for use is found in the 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 

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.  
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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 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 EBCS EN 1998.  

(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 (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 

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 numerical 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 EBCS EN 

1998-5:2013, 2.2.  

(3)   The suite of recorded or simulated accelerograms to be used should satisfy 3.2.3.1.2(4).  
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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 EBCS EN1990:2013, 6.4.3.4.  

(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:  

, , ," "k j E i k iG Qψ+ ⋅∑ ∑               (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 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 EBCS EN 1990:2013 and values of ψE,i for buildings or other types 

of structures are given in the relevant parts of EBCS EN 1998. 
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SECTION 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:  

− 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 sub-clauses.  

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.  
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(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 

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. 
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(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 

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 EBCS EN 1998-5:2013, 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-∆ effects) should be made in the design of these members.  

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

1994, EBCS EN 1995 and EBCS 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.  
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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.  

(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  

Spatialb
  

Spatial 

Lateral forcea
 

Modal 

Lateral forcea
 

Modal 

Reference value 

Decreased value 

Reference value 

Decreased value 
a
If the condition of 4.3.3.2.1(2)a) is also met. 

b
Under the specific conditions given in 4.3.3.1(8) a 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.  
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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.  

(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 setbacks 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:  

 

eox≤0.3.rx                    (4.1a) 

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.  

(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 
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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.  

NOTE The National Annex can include reference to documents that might provide definitions of the centre of 

stiffness and of the torsional radius in multi-storey buildings, both for those that meet the conditions (a) and 

(b) of paragraph (8), and for those that do not.  

(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.  

(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 
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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 a rigid basement, and the individual setbacks shall be not greater than 10 % of the previous plan 

dimension (see Figure 4.1.d).  

 

Figure 4.1: Criteria for regularity of buildings with setbacks 

 

4.2.4 Combination coefficients for variable actions  

(1)P  The combination coefficients ψ2i (for the quasi-permanent value of variable action qi) for the 

design of buildings (see 3.2.4) shall be those given in EBCS EN 1900:2013, Annex A1.  

(a)               (b) (setback occurs above 0.15 H) 

(c) (setback occurs below 0.15 H)            (d)  

Criterion for (a): 1 2
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L L
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−
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+
≤  
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+
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    1 2
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(2)P  The combination coefficients ψEi introduced in 3.2.4(2)P for the calculation of the effects of the 

seismic actions shall be computed from the following expression:  

ψEi = ϕ.ψ2i                    (4.2) 

 

NOTE The recommended values for ϕ are listed in Table 4.2.  

Table 4.2: Values of ϕ for calculating ψ2i  

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 EBCS EN1991-1-1:2013.  

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 Table 4.3.  

Table 4.3 Importance classes for buildings 

Importance 

class 

Buildings 

I Buildings of minor importance for public safety, e.g. agricultural buildings, 

etc. 

II Ordinary buildings, not belonging in the other categories. 

III Buildings whose seismic resistance is of importance in view of the 

consequences associated with a collapse, e.g. schools, assembly halls, 

cultural institutions etc. 

IV Buildings whose integrity during earthquakes is of vital importance for civil 

protection, e.g. hospitals, fire stations, power plants, etc. 
 

NOTE Importance classes I, II and III or IV correspond roughly to consequences classes CC1, CC2 and CC3, 

respectively, defined in EBCS EN 1990:2013, Annex B.  

 

(5)P  The value of γI for importance class II shall be, by definition, equal to 1.0.   

NOTE The recommended values of γI for importance classes I, III and IV are equal to 0.8, 1.2 and 1.4, 

respectively.  



[Type text] [Type text] EBCS EN 1998-1-1:2013 

37 

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

established in accordance with the criteria set forth in EBCS EN 1998-4.  

4.3      Structural analysis  

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 actions 

indicated in 3.2.4. The combination coefficients ψEi are given in 4.2.4(2)P.  
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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= ±0.05.Li                  (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. The choice of whether the nonlinear methods of 

4.3.3.1(4) may also be applied to non-base-isolated buildings, will be found in the National Annex. The 

National Annex may also include reference to complementary information about member deformation 

capacities and the associated partial factors to be used in the Ultimate Limit State verifications in accordance 

with 4.4.2.2(5).  

(5)  Non-linear analyses should be properly substantiated with respect to the seismic input, the 

constitutive model used, the method of interpreting the results of the analysis and the requirements to be 

met.  
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(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: 
2 2 2

x s oxr l e> + , 
2 2 2

x s oxr l e> + , 2 2 2

y s oyr l e> + , 

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 is found in the National Annex.  

(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  

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  
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C

1

4

2.0s

T
T

⋅
≤ 


                   (4.4) 

where TC is given in Table 3.2 or Table 3.3;  

 

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 = Sd (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 1
st
 (fundamental) mode is smaller, on 

average by 15%, than the total building mass.  

(2)  For the determination of the fundamental period of vibration T1 of the building, expressions 

based on methods of structural dynamics (for example the Rayleigh method) may be used. 

(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 
⋅H ¾     (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   

t c0.075 /C A=                   (4.7) 

where  

( )( )2

c i wi0.2A A l H = ⋅ +  ∑                (4.8) 
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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 the shear wall i 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)  Alternative, the estimation T1 (in s) may be made by using the following expression: 

1 2T 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.  

(2)P  The seismic action effects shall be determined by applying, to the two planar models, horizontal 

forces Fi to all storeys.  

∑ ⋅

⋅
⋅=

jj

ii
bi

ms

ms
FF                  (4.10) 

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:  

∑ ⋅

⋅
⋅=

jj

ii
bi

mz

mz
FF                  (4.11) 

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.  
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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  

e

1 0.6
x

L
δ = +      (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;  

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:  

n3k ⋅≥                    (4.14a) 
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and  

Tk  ≤ 0.20 s                   (4.14b) 

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.  

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 ≤ 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: 

2

E EiE E= ∑                   (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).  
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(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  

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 EBCS EN 1992 to EBCS EN 

1996 or in material ES ENs.  

(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:  

a) to verify or revise the overstrength ratio values αu/α1 (see 5.2.2.2, 6.3.2, 7.3.2);  

b) to estimate the expected plastic mechanisms and the distribution of damage;  

c) to assess the structural performance of existing or retrofitted buildings for the purposes of EBCS 
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EN 1998-3;  

d) 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)P  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 

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.  
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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.  

4.3.3.4.2.6 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 

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.  
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(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 “+” 0.30 EEdy                  (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;  

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 
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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/s
2

) 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 

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 analysis  

(1)P  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:  
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d
s
= q

d 
d

e   (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).  

(2)P  When determining the displacements de, the torsional effects of the seismic action shall be taken 

into account.  

(3)  For both static and dynamic non-linear analysis, the displacements determined are those 

obtained 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 EBCS EN 1992:2013, 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 = (Sa ⋅Wa ⋅γa )/ qa     (4.24) 
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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.  

(3) The seismic coefficient Sa may be calculated using the following expression:  

Sa = α⋅S⋅[3(1 + z/H) / (1 + (1 – Ta/T1)
2)-0.5]            (4.25) 

 

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; 

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 4.4.  

 

Table 4.4: 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 (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 Section 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  

(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).  
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(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 seismic 

action effects are amplified by a magnification factor η defined as follows:  

η = (1 + ∆VRw 
/ ΣVEd ) ≤ q                (4.26) 

where  

∆VRw is the total reduction of the resistance of masonry walls in the storey concerned, compared to 

the more infilled storey above it; and 

∑VEd  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 η lower than 1.1, there is no need for 

modification of action effects. 



[Type text] [Type text] EBCS EN 1998-1-1:2013 

53 

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 

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:  

E
d 
≤ R

d                     
(4.27)  



[Type text] [Type text] EBCS EN 1998-1-1:2013 

54 

where  

Ed is the design value of the action, due to the seismic design situation (see EBCS EN 1990:2013 

6.4.3.4), including, if necessary, second order effects (see (2) of this subclause). Redistribution 

of bending moments in accordance with EBCS EN 1992-1-1:2013, EBCS EN 1993-1-1:2013  

and EBCS EN 1994-1-1:2013 is permitted; 

Rd is the corresponding design resistance of the element, calculated in accordance with the rules 

specific to the material used (in terms of the characteristic values of material properties fk and 

partial factor γM) 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 

Ethiopian building code documents.  

(2)  Second-order effects (P-∆ effects) need not be taken into account if the following condition is 

fulfilled in all storeys:  

10.0
hV

dP

tot

rtot ≤
⋅

⋅
=θ                  (4.28) 

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;  

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 (see also  EBCS EN 1992-1-1:2013, 

5.7(2); 5.7(4)P).  

(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 
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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:  

∑ MRc
  
≥ 1.3∑ MRb                  (4.29)  

where  

∑MRc
  

is the sum of the design values of the moments of resistance of the columns framing the joint. 

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  

∑MRb  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 ∑MRb.  

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.  
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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 EBCS EN 1992:2013, 6.4.3.4.  

(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 

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 is found in the National Annex. The recommended value 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 EBCS EN 1998-5:2013 Section 5 and to. EBCS EN 

1997-1:2013 

(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 (see 2.2.2(2)), 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:  

E
Fd 

= EF,G 
+γ

Rd 
ΩE

F,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 EBCS EN 1990:2013, 6.4.3.4);  

EF,E  is the action effect from the analysis  of the design seismic action; and   
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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  

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.  

(7)  For the foundations of columns of eccentric braced frames, Ω is the minimum value of the ratio 

Vpl,Rd/VEd over all beam plastic shear zones, or Mpl,Rd/MEd over all beam plastic hinge zones in the braced 

frame. 

(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.  

4.4.2.7 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  

(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.  
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(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:  

drv ≤ 0.005h;     (4.31)  

b) for buildings having ductile non-structural elements:  

drv ≤ 0.0075h;                  (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:  

drv ≤ 0.010h                    (4.33)  

where  

dr  is the design interstorey drift as defined in 4.4.2.2(2);  

h  is the storey height;  

v 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 “no-collapse requirement” in 

accordance with 2.1(1)P and 3.2.1(3)  

NOTE The values to be ascribed to ν for use is found in the National Annex. Different values of ν may be 

defined for the various seismic zones, depending on the seismic hazard conditions and on the protection of 

property objective. The recommended values of ν are 0.4 for importance classes III and IV and ν = 0.5 for 

importance classes I and II.  
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SECTION 5   SPECIFIC RULES FOR CONCRETE BUILDINGS  

5.1      General  

5.1.1 Scope  

(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 EBCS EN 1992-1-1:2013 applies. The following rules are 

additional to those given in EBCS  EN 1992-1-1:2013. 

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 vd= 

NEd/Acfcd 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/Acfcd 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 the base so that the relative rotation of the 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. 

large lightly reinforced wall  
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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  

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)) 

NOTE1: 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.  
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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 νd exceeding 0.3 no where, 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 EBCS EN 1992-1-1:2013 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.  

(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 behavior under horizontal seismic actions:  

a) frame system;  
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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 behavior 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 

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= q
o 
k

w 
≥ 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.  
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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  4.5αu/α1 

Uncoupled wall system  3.0  4.0αu/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)  αl 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 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/α1 has not been evaluated through an explicit calculation, for 

buildings which are regular in plan the following approximate values of αu/α1 may 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/αl =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/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 (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.  
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(10)  If a special and formal Quality System Plan is applied to the design, procurement and 

construction in addition to normal quality control schemes, the values of qo given in table 5.1 may be 

increased by 20%. Such a specific plan must take into account the stages from design through to 

construction and include aspects including the accuracy of the analysis methods implemented and the 

verification of the correct positioning of the steel in critical zones. 

(11)P  The factor kw reflecting the prevailing failure mode in structural systems with walls shall be 

taken as follows:  

 

0

1.00,  for frame and frame-equivalentdual systems                                  

(1 ) / 3 1,  but not less than 0.5, for wall-equivalent and torsionally

 flexible systems

w
k α

 
 

= + ≤ 
 



     (5.2) 

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 αo may be determined from the following expression:  

wi wi/o h lα =∑ ∑                  (5.3) 

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 ∑MRb 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.  

(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:   

µϕ = 2qo -1     if T1 ≥ TC              (5.4)  

µϕ = 1+2(qo -1)TC/T1   if Tl < TC               (5.5)  
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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 µφ and the displacement ductility 

factor, µδ: µφ = 2µδ -1, which is normally a conservative approximation for concrete members, and on the 

following relationship between µδ and q: µ δ = 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, recognizing 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 EBCS EN 1992-1-1:2013, 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  

(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 stabilizing 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.  
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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 

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 can be found in the National Annex to EBCS EN 1992-1-

1:2013. 

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. 
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5.3      Design to EBCS EN 1992-1-1  

5.3.1 General  

(1)   Seismic design for low ductility (ductility class L), following EBCS EN 1992-1-1:2013 without 

any additional requirements other than those of 5.3.2, is recommended only for low seismicity cases 

(see3.2.1(4)).  

5.3.2 Materials  

(1)P  In primary seismic elements (see 4.2.2), reinforcing steel of class B or C in EBCS EN 1992-1-

1:2013. Table C.1 shall be used.  

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 EBCS EN 

1992-1-1:2013, 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 shall be limited relative to that of the column into which it 

frames 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:  
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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 4.4.2.2(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.  

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 EBCS EN 1990:2013 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 EBCS EN 1992-1-1:2013 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.  
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Figure 5.1: Capacity design values of shear forces on beams 
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design shear forces shall be determined in accordance with the 
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5.4.2.3 Columns  

(1)P  In primary seismic columns the design values of shear forces shall be determined in 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) in the 

columns (see Figure 5.2).   

(2)  End moments Mi,d in (1)P of this subclause may be determined from the following expression:  

Rb
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              (5.9) 

where 

γRd is the factor accounting for overstrength due to steel strain hardening and confinement of 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.  
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Figure 5.2: Capacity design shear force in columns  

 

5.4.2.4 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 the 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 hw/lw greater than 2.0) shall be covered.  
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(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.   

Key 

a moment diagram from analysis  

b design envelope 

a1 tension shift  

Figure 5.3: Design envelope for bending moments in slender walls  
(left: wall systems; right: dual systems). 

 

(6)P  The possible increase in shear forces after yielding at the base of a primary seismic wall, shall 

be taken into account.  

(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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Key 
a shear diagram from analysis 

b magnified shear diagram 

c design envelope 

A Vwall, base 

B Vwall,top≥ Vwall,base/2 

Figure 5.4: Design envelope of the shear forces in the walls of a dual system. 

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:  

Ed Ed

1
'

2

q
V V

+
=                   (5.10) 

(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.  

(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.  



[Type text] [Type text] EBCS EN 1998-1-1:2013 

75 

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 EBCS EN 1992-1-

1:2013. 

(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).  

 
Figure 5.5: Effective flange width beff for beams framing into columns  
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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:  

cd
max

sy,d yd

0.0018 f

fϕ

ρ ρ
µ ε

′= + ⋅                  (5.11) 

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:  

0.5 ctm
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                  (5.12) 

(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  
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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).  

 

Figure 5.6: Transverse reinforcement in critical regions of beams 

5.4.3.2 Columns  

5.4.3.2.1 Resistances  

(1)P  Flexural and shear resistance shall be computed in accordance with EBCS EN 1992-1-1:2013, 

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:  

lcr= max{hc ; lcl / 6; 0.45}                (5.14) 

where 
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hc is the largest cross-sectional dimension of the column (in metres); and 

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  EBCS EN 1992-1-1:2013, 3.1.9.  

(8)  The requirements specified in (6)P and (7)P of this subclause are deemed to be satisfied if:  

,30 0.035c
wd d sy d
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Where: 

ωwd  is the mechanical volumetric ratio of confining hoops within the critical regions  
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µφ  is the required value of the curvature ductility factor;  

νd  is the normalised design axial force (νd= NEd/Ac,fcd);  

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 = αn⋅αs, with:  

a)  For rectangular cross-sections:  

2

n i o o

n

1 6b b hα = −∑                  (5.16a) 

αs = (1− s /2bo)( 1− s /2ho)                (5.17a) 

where 

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 hoops and diameter of confined core Do (to the centreline of hoops):  
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α
n
= 1     (5.16b)  

α
s
=(1− s /2D

o 
)2     (5.17b) 

c)  For circular cross-sections with spiral reinforcement: 

α
n
= 1                    (5.16c) 

α
s
= (1− s /2D

o 
)                   (5.17c) 

 
Figure 5.7: Confinement of concrete core 

(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 aspacing such that a minimum ductility is ensured and local 

buckling 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 
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bo (in millimetres) is the minimum dimension of the concrete core (to the centreline of the hoops); 

and  

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 EBCS EN 1992-1-1:2013, 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 EBCS EN 1992-1-1:2013, 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 EBCS EN 1992-1-1:2013, 

unless specified otherwise in the following paragraphs, using the value of the axial force resulting from 

the analysis in the seismic design situation.  

(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.  
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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:  

hcr = max[lw, hw/6]                  (5.19a) 

but 

w

s

s

2

2

l

h h

h

⋅


≤ ≤
 ⋅ ≥

cr

                             

for n 6 storeys

for n 7 storyes

               (5.19b) 

Where hs is the clear storey height and where the base is defined as the level of the foundation or of the 

embedment in basement storeys with rigid diaphragms and perimeter walls.  

(2)   At the critical regions of walls a value µφ 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 µφ 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:  

(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 µφ as 

specified in (2) of this subclause:  

( )wd d v sy,d30 0.035c

o

b
v

b
ϕαω µ ω ε≥ + −               (5.20) 

where the parameters are defined in 5.4.3.2.2(8), except ων, which is the mechanical ratio of vertical web 

reinforcement (ων= ρνfyd,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 and the web vertical reinforcement ratio 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, ων=(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:  

( ) w c
u d v

o

l b
x v

b
ω= +                   (5.21) 
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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 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 based on: 1) the definition of the curvature ductility factor as µφ= φu/φy, 2) the calculation 

of φu as εcu2,c /xu and of φy as εsy/(d -xy), 3) section equilibrium for the estimation of neutral axis depths xu 

and xy, and 4) the strength and ultimate strain of confined concrete, fck,c and εcu2,c as a function of the 

effective lateral confining stress (see EBCS EN 1992-1-1:2013, 3.1.9) may be followed. The required 

confining reinforcement, if needed, and the confined wall lengths should be calculated accordingly.  

(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 

extend up 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 EBCS EN 1992-1-1:2013, 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 0.15⋅lw or 1.50.bw.  

 
Figure 5.8: Confined boundary element of free-edge wall end 

(top: strains at ultimate curvature; bottom: wall cross-section) 

(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. 
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Figure 5.9: Confined boundary elements not needed at wall ends with a large transverse 

flange  

(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 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). 

 
Figure 5.10: Minimum thickness of confined boundary elements 

(11)  In the height of the wall above the critical region only the relevant rules of EBCS EN 1992-1-

1:2013 regarding vertical, horizontal and transverse reinforcement apply. However, in those parts of the 

section 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 EBCS EN 1992-1-1:2013 alone, if one of the following conditions is 

fulfilled:  
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a) The value of the normalised design axial force νd 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 EBCS EN 1992-1-1:2013, 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 EBCS EN 

1992-1-1:2013 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 εcu2,c for unconfined concrete may be 

increased to 0.005. A higher value may be taken into account for confined concrete, in accordance with 

EBCS EN 1992-1-1:2013, 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 

EBCS EN 1992-1-1:2013, 6.2.2, the minimum shear reinforcement ratio ρw,minin the web is not required.  

NOTE The recommended value is for ρw,min is the minimum value for walls in EBCS EN 1992-1-1:2013 
and in the National Annex. 

(2)  Wherever the condition VEd ≤ VRd,c is not fulfilled, web shear reinforcement should be calculated 

in accordance with EBCS EN 1992-1-1:2013, 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.  

(4)  The ULS against sliding shear at horizontal construction joints should be verified in accordance 

with EBCS EN 1992-1-1:2013, 6.2.5, with the anchorage length of clamping bars crossing the interface 

increased by 50% over that required by EBCS EN 1992-1-1:2013.  

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 
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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 less, 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 EBCS EN 1992-1-1:2013, 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 C 20/25 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 

EBCS EN 1992-1-1:2013 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%.  

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 EBCS EN 1992-1-1:2013.  

(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.  
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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 and 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.  

(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.  
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5.5.2.3 Beam-column joints  

(1)P  The horizontal shear acting around the core of a joint between primary seismic beams and 

columns shall be determined taking into account the most adverse conditions under seismic loading, i.e. 

capacity design conditions for the beams framing into the joint and the lowest compatible values of shear 

forces in the framing elements. 

(2)  Simplified expressions for the horizontal shear force acting on the concrete core of the interior 

beam-column joints: 

a) for interior beam-column joints: 

Vjhd = γRd(As1+As2) fyd -Vc                (5.22) 

b) for exterior beam-column joints:         

Vjhd= γRd⋅As1⋅.fyd - Vc                 (5.23) 

Where 

As1 is the area of the beam top reinforcement; 

As2 is the area of the bottom reinforcement; 

Vc is the column shear force, 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 direction of the 

seismic action influencing the values As1, As2and VC to be used in expressions (5.22) and (5.23).  

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:  
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V
Ed 

=ε⋅V’
Ed                     

(5.24)  

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:  
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              (5.25) 

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);  

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:  

' 'Rd
Ed Rd Ed Ed

Ed

M
V V q V

M
γ

 
= ⋅ ⋅ ≤ ⋅ 

 
               (5.26) 

(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 EBCS EN 1992-1-1:2013.  
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(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 

EBCS EN 1992-1-1:2013, unless specified otherwise in the following paragraphs.  

(2)P  In the critical regions of primary seismic beams, the strut inclination θ in the truss model shall 

be 450.  

(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 EBCS EN 1992-1-1:2013.  

b) If ζ < -0.5, i.e. when an almost full reversal of shear forces is expected, then:  

i) if |VE|max≤ (2+ ζ)·fctd·bw·d                (5.27) 

where fctd is the design value of the concrete tensile strength from EBCS EN 1992-1-1:2013, 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:  

0.5V
Emax
≤ 2A

s 
⋅f

yd
⋅cosα                 (5.28)  

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 tan α ≈ 

(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 hwdenotes 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.  
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(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, along the entire length of a primary seismic beam 

the following conditions shall be satisfied:  

a) paragraph5.4.3.1.2(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:  

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 lcrmay be computed 

as follows (in metres):  

l
cr

= max{1,5h
c
; l

cl 
/6; 0.6}                 (5.30)  

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.  
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(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.  

(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 dbwof the hoops is at least equal to 

bw bL,max ydL ydw0.4d d f f≥ ⋅ ⋅                (5.31) 

 

b) The spacing s of hoops (in millimetres) does not exceed:  

s = min {b
o
/3; 125; 6d

bL
}                (5.32)  

where 

bo (in millimeters) is the minmum dimension of the concrete core (to the inside of the hoops); and 

dbL  is the minimum diameter of the longitudinal bars (in millimeters). 

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.  

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.  
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a)  At interior beam-column joints the following expression should be satisfied: 

 

d
jhd cd j c1

v
V f b hη

η
≤ −                  (5.33) 

where 

η = 0.6(1- fck/250);  

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 bjis:  

a) if bc > bw: b
j 
= min {b

c
; (b

w 
+ 0.5⋅h

c 
)};              (5.34a)  

b) if bc < bw: b
j 
=min {b

w
; (b

c 
+ 0.5⋅h

c 
)}              (5.34b)  

(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: 

2

jhd

j jcsh ywd

ctd

j jw ctd d cd

V

b hA f
f

b h f v f

 
  ⋅⋅  ≥ −

⋅ +
               (5.35) 

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  top of the beam and the reinforcement at the bottom 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/Ac⋅fcd);  

fctd  is the design values of the tensile strength of concrete, in accordance with EBCS EN 1992-1-

1:2013. 
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(4)   As an alternative to the rule specified in (3) of this subclause, integrity of the join 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: 

Ash fywd ≥ γRd (As1+As2) fyd (1-0.8νd)              (5.36a)  

b) In exterior joints:  

Ash fywd ≥ γRd As2 fyd (1-0.8νd)                (5.36b)  

Where γRd is equal to 1.2 (cf5.5.2.3(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 hjwbetween 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:  

A
sv, i 
≥ (2/3)⋅A

sh
⋅(h

jc
/h

jw
)                  (5.37)  

Where Ash is the required total area of the horizontal hoops in accordance with (3) and (4) of this 

subclause and Asv,idenotes 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.  

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:  
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as in EBCS EN 1992-1-1:2013, with the length of the internal lever arm, z, equal to 0.8lw and the 

inclination of the compression strut to the vertical, tanθ, 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 EBCS EN 1992-1-1:2013 6.2.3(1)-(7) apply, with the 

values of z and tanθ 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 EBCS EN 1992-1-1:2013, 

6.2.3(8)):  

V
Ed 
≤ V

Rd,c+0.75ρ
h  

f
yd,hbwo

α
s
l
w               (5.38) 

where 

ρh  is the reinforcement ratio of horizontal web bars (ρh=Ah/(bwo⋅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 EBCS-2-1:2013. 

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 EBCS EN 

1992-1-1:2013, should be provided to satisfy the condition:  

ρ
h 
f
yd,h

b
wo

z ≤ ρ
v  

f
yd,ν 

b
wo 

z + min N
Ed               (5.39) 

where 

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 90
o
 or 

135
o

 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. 
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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:  

V
Rd,S

= V
dd

+ V
id 

+ V
fd     (5.40)  

with:  

sj cd yd

dd

yd sj

1.3
min

0.25

A f f
V

f A

 ⋅ ⋅ ⋅
= 

⋅

∑
∑

               (5.41)  

id sj yd cosV A f ϕ= ⋅ ⋅∑                  (5.42)   

( )yd Ed Ed

fd

cd w wo

/
min

0.5

f sjA f N M z
V

f l b

µ ξ

η ξ

  ⋅ ⋅ + ⋅ +  = 
⋅ ⋅ ⋅ ⋅

∑
           (5.43) 

where 

Vdd 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;  

µ f  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 EBCS EN 1992-1-

1:2013, 6.2.5; 

z is the length of the internal lever arm;  

ξ is the normalised neutral axis depth;  

ΣAsj is the sum of the areas of the vertical bars of the web or of additional bars arranged in the 

boundary elements specifically for resistance against sliding;  

ΣAsi 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(MPa)/250)                (5.44)

  

NEd is assumed to be positive when compressive.  

(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.  
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(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 0.5⋅lw or 0.5⋅hw, 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 ∆MRd, to be used in the calculation of VEd, may be estimated as:  

Rd si yd i

1
sin

2
M A f lϕ∆ = ⋅ ⋅ ⋅ ⋅∑                (5.45) 

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:  

V
id 

=ΣA
si
⋅f

yd
⋅[cos ϕ− 0,5 ⋅l

i
⋅ sin ϕ /(α

s 
⋅l

w 
)]             (5.46)  

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).  
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Figure 5.11: Minimum thickness of confined boundary elements in DCH walls with large 
flanges 

(10)  Within the boundary elements of walls the requirements specified in 5.5.3.2.2(12) 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 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:  

 
( )( )Ed

ctd yd cd yd

min w

1.3 / 1 1.5

0.0025

N
f f f f

Aρ

  
⋅ − ⋅ +  

≥   

                                                     

           (5.47) 

where Aw is the total horizontal cross-sectional area of the wall and NEd shall be positive when 

compressive.  
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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:  

V
Ed 
≤ f

ctd
b

w
d                    (5.48)  

b) A prevailing flexural mode of failure is ensured. An acceptable application rule is: l/h≥ 3.  

(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:  

V
Ed 
≤ 2 Asi⋅fyd ⋅ sinα                   (5.49)  

where 

VEd  is the design shear force in the coupling element (VEd = 2⋅MEd/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 EBCS EN 1992-1-

1:2013.  

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 EBCS EN 1992-1-1:2013 for deep beams. The 

longitudinal reinforcement should not be anchored in the coupled walls and should only extend into them 

by 150 mm.  

 
 

Figure 5.12: Coupling beams with diagonal reinforcement 
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5.6      Provisions for anchorages and splices  

5.6.1 General  

(1)P  EBCS EN 1992-1-1:2013, 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° 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 EBCS EN 1992-1-1:2013.  

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:  

bL ctm d

c yd max

7.5 1 0.8

1 0.75Rd D

d f v

h f kγ ρ ρ

⋅ + ⋅
≤ ⋅

′⋅ + ⋅
              (5.50a) 

b) for exterior beam-column joints:  

( )bL ctm
d

c Rd yd

7.5
1 0.8

d f
v

h fγ

⋅
≤ ⋅ + ⋅

⋅
                (5.50b) 

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 
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seismic 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 to1,2 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 

a group of 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.  

 
 

Key  

A anchor plate;  

B hoops around column bars  

Figure 5.13: Additional measures for anchorage in exterior beam-column joints  
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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 EBCS EN 1992-1-1:2013. 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, ΣAsL, 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 EBCS EN 1992-1-1:2013), or of the 

longitudinal reinforcement of boundary elements in walls, may be calculated from the following 

expression:  

A
st
=s (d

bl
/ 50)(f

yld
/f

ywd
)                 (5.52)  

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-∆ effects in accordance with 4.4.2.2(2) and (3). They shall be 
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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 EBCS EN 1992-1-1:2013.   

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 EBCS EN 1998-5:2013.  

(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.  
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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 EBCS 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-

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 recommended values for bw,min and hw,min are 0.25 m and 0.4 m respectively, 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 EBCS 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 for tmin and ρs,min are 0.2 m and  0.2% respectively. 

(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)  Bents or hooks at the bottom of longitudinal bars of vertical elements should be oriented so that 

they induce compression into the connection area.  
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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 

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 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.  
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(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 EBCS 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)P   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 reentrances;  

− 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;  

(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 EBCS EN 1992-1-1:2013.  

(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:  
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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 Ethiopian 

Building Code Standard and of EBCS EN 1992-1-1:2013, 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.  

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: 
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− 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) and 5.14d).  

 
Figure 5.14: a) connection located outside critical regions; b) overdesigned connection with 

plastic hinges shifted outside the connection; c) ductile shear connections of large panels located 

within critical regions (e.g. at ground floor); and d) ductile continuity connections located within 
critical regions of frames 

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.  
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(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 L.  

NOTE The selection of the ductility class for use in the various types of precast concrete systems is found in 

the National Annex of this document. Ductility class L is recommended only for the low-seismicity case. For 

wall panel structures 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, µs, in the choice of the 

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 for kpare:  

1.00 for structures with connections according to 5.11.2.1.1, 5.11.2.1.2, or 5.11.2.1.3

0.5 for strctures with other types of connections                                                           
pk




 

(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.  
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(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  

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). 
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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 EBCS EN 1992-1-1:2013, 6.2.5 and of EBCS EN 1992-1-

1:2013, Section 10, 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 EBCS EN 1992-1-1:2013, Section 10 and of 5.4.2.1, 5.4.3.1, 5.5.2.1, 

5.5.3.1 of this Ethiopian Standard 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 EBCS EN 1992-1-1:2013, 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.  
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5.11.3.3 Beam-column joints  

(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 d) 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)  EBCS 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 with5.4.3.4.2 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).  

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. 

 

 



[Type text] [Type text] EBCS EN 1998-1-1:2013 

112 

 
 

 

Key  

A lap-welding of bars  

Figure 5.15: Tensile reinforcement possibly needed at the edge of walls  

(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).  

NOTE The recommended value for ρc,minis 1%. 
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Key 

A reinforcement protruding across connection; 

B reinforcement along connection; 

C shear keys; 

D grout filling space between panels. 

Figure 5.16: Cross-section of vertical connections between precast large-panels, 

a) joint with two free faces; b) joint with one free face 
 

(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  EBCS EN 1992-1-1:2013, 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 

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.  
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(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. 
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SECTION 6   SPECIFIC RULES FOR STEEL BUILDINGS  

6.1      General  

6.1.1 Scope   

(1)P   For the design of steel buildings, EBCS EN 1993 applies. The following rules are additional to 

those given in EBCS 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.  

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  

Concept b) Dissipative 

structural 

DCM (Medium)  

≤ 4 

 also limited by the values of 

Table 6.2  

DCH (High)  
only limited by the values of 

Table 6.2  
 

NOTE 1 The value ascribed to the upper limit of q for low dissipative behaviour, within the range of Table 

6.1, for use is found in the National Annex. The recommended value of the upper limit of q for low-dissipative 

behaviour is 1.5.  

NOTE 2 The National Annex gives limitations on the choice of the design concept and of the ductility class 

which are permissible within the country. 

(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 between 

1.5 and 2 (see Note 1 to (1) of this subclause). 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.   

(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.  
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(4)   In concept a), the resistance of the members and of the connections should be evaluated in 

accordance with EBCS 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.  

NOTE 1 The National Annex may give a choice of γs.  

NOTE 2 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 for 

fundamental load combinations, it is recommended that the partial factor γsadopted 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 EBCS 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), b) or c):  

a) the upper value of the yield strength fy,max of the steel of dissipative zones satisfies the following 

expression fy,max ≤ 1.1γov fy 

where 

γov is the overstrength factor used in design; and  
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fy is the nominal yield strength specified for the steel grade.  

NOTE 1 For steels of grade S235 and with γov = 1.25 this method gives a maximum of fy,max= 323 N/mm
2.  

NOTE 2 The value ascribed to γov for use to check condition a) is found in the National Annex. The 

recommended value is γov = 1.25 

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/mm
2. 

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,ac t= fy,act / fy , fy being the nominal yield 

strength of the steel of dissipative zones.   

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 EBCS EN 1993-1-10).  

NOTE The National Annex may give information as to how EBCS EN 1993-1-10:2013 may be used in the 

seismic design situation. 

(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. 
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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.  

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.  
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(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.  

 
Figure 6.1: Moment resisting frames (dissipative zones in beams and at bottom of  

columns). Default values for αu/α1 (see 6.3.2(3) and Table 6.2). 

 

 
Figure 6.2: Frames with concentric diagonal bracings (dissipative zones in tension diagonals only). 

 
 

Figure 6.3: Frames with concentric V-bracings (dissipative zones in tension and compression 

diagonals). 

 
Figure 6.4: Frames with eccentric bracings (dissipative zones in bending or shear links). Default 

values for αu/α1 (see 6.3.2(3) and Table 6.2). 

1

1.2uα

α
=  
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Figure 6.5: Inverted pendulum: a) dissipative zones at the column base; b) dissipative zones in 

columns (NEd/Npl,Rd< 0.3). Default values for αu/α1 (see 6.3.2(3) and Table 6.2). 

 
Figure 6.6: Structures with concrete cores or concrete walls. 

 

 
Figure 6.7: Moment resisting frame combined with concentric bracing (dissipative zones in 

moment frame and in tension diagonals). Default value for αu/α1 (see 6.3.2(3) and Table 6.2). 

 
Figure 6.8: Moment resisting frame combined with infills. 

 

 
Figure 6.9: Frame with K bracings (not allowed).  

1

1.2uα

α
=  
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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.  

Table 6.2: Upper limit of reference values of behaviour factors for systems regular in elevation  

STRUCTURAL TYPE  
Ductility Class  

DCM DCH  

a) Moment resisting frames  4  5αu/α1 

b) Frame with concentric bracings  

Diagonal bracings V-bracings 

      V-bracings 

 

4 

 2  

 

4  

2.5  

c) Frame with eccentric bracings  4  5αu/α1 

d) Inverted pendulum  2  2αu/α1 

e) Structures with concrete cores or concrete walls  See section 5  

f) Moment resisting frame with concentric bracing  4  4αu/α1 

g) Moment resisting frames with infills 

Unconnected concrete or masonry infills, in  

contact with the frame  

Connected reinforced concrete infills 

Infills isolated from moment frame (see moment  

frames)  

 

 

2  2  

See section 7  

 

4  

 

5αu/α1 

 

(2)  If the building is non-regular in elevation (see4.2.3.3) 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 αu 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.  

(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.  



[Type text] [Type text] EBCS EN 1998-1-1:2013 

122 

(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  

(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 EBCS 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 

EBCS EN 1993-1-1:2013, 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  
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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  

DCM  

1.5 <q ≤ 2  class 1, 2 or 3  

2 <q ≤ 4  class 1 or 2  

DCH  q> 4  class 1  

6.5.4 Design rules for parts or elements in tension  

(1)   For tension members or parts of members in tension, the ductility requirement of EBCS EN 

1993-1-1:2013, 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: 

d ov fy1.1R Rγ≥                   (6.1) 

where 

Rd is the resistance of the connection in accordance with EBCS EN 1993;  

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

the material as defined in EBCS 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 EBCS EN 1993-1-8:2013, 3.4.1 

and category E of bolted joints in tension in accordance with EBCS EN 1993-1-8:2013, 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 ES EN 1090-2.  

(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.  
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(7)   Experimental evidence may be based on existing data. Otherwise, tests should be performed.  

NOTE The National Annex may provide reference to complementary rules on acceptable connection design. 

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 

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 EBCS 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:  

Ed

pl,Rd

1.0
M

M
≤                    (6.2) 

Ed

pl,Rd

0.15
N

N
≤                    (6.3) 

Ed

pl,Rd

0.5
V

V
≤                    (6.4) 

where 

VEd = VEd,G + VEd,M ;                 (6.5)  

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 EBCS EN 1993;  

VEd,G is the design value of the shear force due to the non seismic actions;  
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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 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 EBCS EN 1993-1-1:2013, 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:  

Ed Ed,G ov Ed,E

Ed Ed,G ov Ed,E

Ed Ed,G ov Ed,E

1.1

1.1

1.1

N N N

M M M

V V V

γ

γ

γ

= + Ω

= + Ω

= + Ω

               (6.6) 

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,iis the design value of the bending moment in beam i in the seismic design situation and 

Mpl,Rd,iis 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 toMpl,Rd.  

(3)  The resistance verification of the columns should be made in accordance with EBCS EN 1993-

1-1:2013, Section 6.  

(4)  The column shear force VEd resulting from the structural analysis should satisfy the following 

expression:  

Ed

pl,Rd

0.5
V

V
≤                    (6.7) 

(5)  The transfer of the forces from the beams to the columns should conform to the design rules 

given in EBCS EN 1993-1-8:2013, Section 6.  
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(6)  The shear resistance of framed web panels of beam/column connections (see Figure 6.10) 

should satisfy the following expression:  

wp,Ed

wp,Rd

1.0
V

V
≤                    (6.8) 

 

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 EBCS EN 1993-1-8:2013, 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.  

 

Figure 6.10: Web panel framed by flanges and stiffener  

(7)   The shear buckling resistance of the web panels should also be checked to ensure that it 

conforms to EBCS EN 1993-1-5:2013, 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. 

(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);  
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c) the effect of connection deformation on global drift is taken

(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 

not less than 35 mrad for structures of ductility 

DCM with q > 2. The rotation θp is defined as 

LP 5.0δθ =        

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 

degradation of strength and stiffness greater than 20%. This requirement is valid independently of the 

intended location of the dissipative zones.

 
 

 
Figure 6.11: Beam deflection for the calculation of 

(4)  In experiments made to assess 

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 

(6)  When partial strength connections are used, the column capacity design should be derived from 

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 bu
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c) the effect of connection deformation on global drift is taken into account using non

linear time history analysis.  

The connection design should be such that the rotation capacity of the plastic hinge region 

not less than 35 mrad for structures of ductility class DCH and 25 mrad for structures of ductility class 

is defined as  

           

is the beam deflection at midspan ; 

The rotation capacity of the plastic hinge region θp should be ensured under cyclic loading without 

degradation of strength and stiffness greater than 20%. This requirement is valid independently of the 

intended location of the dissipative zones. 

 

Figure 6.11: Beam deflection for the calculation of θp.  

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 column elastic deformation should not be included in the evaluation of θp. 

When partial strength connections are used, the column capacity design should be derived from 

ns.  

Design and detailing rules for frames with concentric bracings  

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. 
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into account using nonlinear static 

The connection design should be such that the rotation capacity of the plastic hinge region θp is 

class DCH and 25 mrad for structures of ductility class 

  (6.10)  

should be ensured under cyclic loading without 

degradation of strength and stiffness greater than 20%. This requirement is valid independently of the 

 

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 

.  

When partial strength connections are used, the column capacity design should be derived from 

Concentric braced frames shall be designed so that yielding of the diagonals in tension will take 

ckling of the beams or columns.  
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(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: 

0.05
A A

A A

+ −

+ −

−
≤

+
      

 

where A+ and A- are the areas of the horizontal projections of the cross

when the horizontal seismic actions have a positive or negative direction respectively 

Figure 6.12: Example of application of 6.7.1(3) 

6.7.2 Analysis  

(1)P  Under gravity load conditions, only beams and columns shall be considered to resist such loads, 

without taking into account the bracing members. 

(2)P  The diagonals shall be taken into account as follows in an elastic analysis of the struc

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: 
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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 

To this end, the following rule should be met at every storey:  

           

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).

Figure 6.12: Example of application of 6.7.1(3)  

Under gravity load conditions, only beams and columns shall be considered to resist such loads, 

without taking into account the bracing members.  

The diagonals shall be taken into account as follows in an elastic analysis of the struc

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. 

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: 
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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 

  (6.11) 

sections of the tension diagonals, 

(see Figure 6.12). 

 

Under gravity load conditions, only beams and columns shall be considered to resist such loads, 

The diagonals shall be taken into account as follows in an elastic analysis of the structure for the 

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.  

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:  
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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 λ as defined in EBCS EN 

1993-1-1:2013 should be limited to: 1.3 2.0λ< ≤ .  

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 λ  should be less than or equal 

to 2.0.  

(3)  In frames with V bracings, the non-dimensional slenderness λ  should be less than or equal to 

2.0.  

(4)  In structures up to two storeys, no limitation applies to λ .  

(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 EBCS EN 1993.  

(7)  The connections of the diagonals to any member should satisfy the design rules of 6.5.5.  

(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 nonlinear 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:  
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pl,Rd Ed Ed,G ov Ed,E( ) 1.1N M N Nγ≥ + Ω               (6.12) 

where 

Npl,Rd(MEd) is the design buckling resistance of the beam or the column in accordance with EBCS 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.  

NOTE 1 The factor γpb is used for the estimation of the post buckling resistance of diagonals in compression.  

NOTE 2 The value ascribed to γpb for use is found in the National Annex to this document. 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). 
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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:  

Mp,link = fy b tf (d – tf)                 (6.13) 

( ) ( )p,link y w f3V f t d t= −                 (6.14) 

 
Figure 6.13: Definition of symbols for I link sections   

(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: 

VEd ≤ Vp,link                   (6.15) 

MEd ≤ Mp,link                   (6.16) 

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 
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( )
0.5

2

p,link,r p,link Ed pl,Rd1V V N N = −  
              (6.17) 

( )p,link,r p,link Ed pl,Rd1M M N N = −                (6.18) 

(6)   If NEd/NRd ≥ 0.15, the link length e should not exceed:  

p,link p,link1.6e M V≤
    

when R< 0.3 ,         (6.19) 

or 

p,link p,link(1.15 0.5 ) 1.6e R M V≤ −
 

when R ≥ 0.3          (6.20)  

where 
Ed w f Ed. .( 2 ) .R N t d t V A= − , in which A is the gross area of the link.  

(7)  To achieve a global dissipative behaviour of the structure, it should be checked that the 

individual values of the ratios Ωi defined in 6.8.3(1) do not exceed the minimum value Ω 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    
s p,link p,link 1.6e e M V< =           (6.21) 

− long links    
L p,link p,link 3.0e e M V> =           (6.22)  

− intermediate links   s Le e e< <
             

(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    
s p,link p,link 0.8(1 )e e M Vα< = +          (6.24)  

− long links    
L p,link p,link 1.5(1 )e e M Vα> = +         (6.25)  

− intermediate links   s Le e e< <              (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.  
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Figure 6.14: a) equal moments at link ends; b) unequal moments at link ends  

(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:  

− short links    
p pR 0.08 radiansθ θ≤ =            (6.27)  

− long links    
p pR 0.02 radiansθ θ≤ =            (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 γovfyAst, 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 γovAstfy/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 EBCS EN 1993-1-5:2013, Section 5.  
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6.8.3 Members not containing seismic links  

(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:  

EEdovGEdEdEdRd NNVMN ,, 1.1),( Ω+≥ γ
             

(6.30) 

where 

NRd (MEd,VEd)  is the axial design resistance of the column or diagonal member in accordance with 

EBCS 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:  

d d,G ov 1 d,E1.1E E Eγ≥ + Ω                 (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)) 

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:  
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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 λ  ≤1.5.  

(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 EBCS 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. 

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:  
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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 EBCS EN 1992-1-1:2013 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 EBCS 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 ES 

EN 1090-2;  

d) during construction it should be ensured that the yield stress of the actual steel used does not exceed 

fy,max 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 EBCS EN 1998-1 and assure the safety of the structure.  
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SECTION 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, EBCS EN 1994-1-1:2013 applies. The 

following rules are additional to those given in EBCS EN 1994-1-1:2013.  

(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 

Concepts b) or c) 

Dissipative structural 

behavior 

DCM (Medium) ≤ 4 also limited by the 

values of Table 7.2 

DCH (High) only limited by the values 

of Table 7.2 
NOTE 1 The recommended value of the upper limit of q for low-dissipative behaviour is 1.5.  

NOTE 2 The National Annex may give limitations on the choice of the design concept and of the ductility 

class which are permissible within the country. 

(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.  

(3)  In concept a) the resistance of the members and of the connections should be evaluated in 

accordance with EBCS EN 1993 and EBCS EN 1994 without any additional requirements. For buildings 
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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 EBCS EN 1994-11:2013 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.  

(4)  In the capacity design checks relevant for structural steel parts, 6.2(3) and its Notes 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 EBCS EN 1998-1.  
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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 EBCS EN 1992-11:2013 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 (EBCS EN 1992-1-1:2013, 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 

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 



[Type text] [Type text] EBCS EN 1998-1-1:2013 

140 

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.  

 
Figure 7.1: Composite structural systems. Composite walls: a) Type 1 – steel or composite 

moment frame with connected concrete infill panels; b) Type 2 – composite walls reinforced by 

connected encased vertical steel sections.   

 

 
 

Figure 7.2: Composite structural systems. Type 3 - composite or concrete walls coupled by 

steel or composite beams.  

(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 values which are given in Table 6.2 or in Table 7.2, provided that the rules in 7.5 to 7.11 are 

met.  
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Table 7.2: Upper limits to reference values of behaviour factors for systems regular elevation 

STRUCTURAL TYPE 
Ductility Class 

DCM DCH 

a), b), c) and d) See Table 6.2 

e) Composite structural systems Composite walls 

(Type 1 and Type 2) 3αu/α1 4αu/α1 

Composite or concrete walls coupled by steel or 

composite beams (Type 3) 
3αu/α1 4,5αu/α1 

f) Composite steel plate shear walls 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/α1 presented 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/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 (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/α1 with a nonlinear static (pushover) global analysis.  

(6)  The maximum value of αu/α1 that 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.  
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(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)).  

(2)P  Dissipative zones shall have adequate ductility and resistance. The resistance shall be 

determined in accordance with EBCS EN 1993 and Section 6 for concept c) (see 7.1.2) and to EBCS EN 

1994-1-1:2013 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.  
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(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.  

(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 EBCS EN 

1994-1-1:2013;  

hb, hc are as defined in Figure 7.3a).  
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Key 

A steel beam; 

B face bearing plates; 

C reinforced concrete column; 

D composite encased column 

Figure 7.3: Beam column connections. 
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(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 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 – 2t); their thickness should be not less than 0.75t 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 EBCS EN 1994-1-

1:2013 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 EBCS EN 

1993-1-1:2013, 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 
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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) to (6). 

 

Table 7.3: Relation between behaviour factor and slenderness limits of wall section in 

Dissipative zones of encased composite structures 
 

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 of the 

steel profile  

(5)  More specific detailing rules for 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 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.  

(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 EBCS EN 1994-1-1:2013.  

(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 7.6.6apply. 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.  
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(11)  For earthquake-resistant design, the design shear strength given in EBCS EN 1994-11:2013, 

Table 6.6, should be multiplied by a reduction factor of 0.5.  

(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.  

(14)  Except at their base in some structural types, columns are generally not designed to be 

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 EBCS EN 1994-1-

1:2013. The minimum degree of connection η as defined in EBCS EN 1994-1-1:2013 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 EBCS EN 1994-1-1:2013 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 EBCS EN 1994-1-1 should be 

further reduced by multiplying it by the rib shape efficiency factor kr given in Figure 7.4.  

 
  kr =1      kr =1      kr =0.8 

Figure 7.4: Values of the rib shape efficiency factor. 
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(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)  

where 

εcu2  is the ultimate compressive strain of concrete (see EBCS EN 1992-1-1:2013);  

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 

DCM 1,5 <q ≤ 4 355 0.27 

1,5 <q ≤ 4 235 0.36 

DCH q> 4 355 0.20 

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.  

 
Key 

A Exterior Node 

B Interior Node 

C Steel beam 

D Facade steel beam 

E Reinforced concrete cantilever edge strip 

Figure 7.5: Layout of “seismic rebars” 
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7.6.3 Effective width of slab  

(1)   The total effective width beff of concrete flange associated with each steel web should be taken 

as the sum of the partial effective widths be1 and be2 of the portion of the flange on each side of the 

centreline of the steel web (Figure 7.6). The partial effective width on each side should be taken as be 

given in Table 7.5, but not greater than the actual available widths b1 and b2 defined in (2) of this 

subclause.  

 
Figure 7.6: Definition of effective width bc and beff 

(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.  

(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. 
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Key 

A Exterior column; 

B Interior column; 

C Longitudinal beam; 

D Transverse beam or steel façade beam; 

E Cantilever concrete edge strip; 

F Extended bearing; 

G Concrete slab 

 

Figure 7.7: Definition of elements in moment frame structures. 

 
 

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  For negative M : 0.05 l 

For positive M : 0.0375 l At exterior column  Present  

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 +0.7 

hc/2  

Positive M  Exterior 

column  

All other layouts. Seismic re-bars  bb/2 ≤ be,max 

be,max =0.05l 

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 by expression (5.14) for ductility class M, or 

by expression (5.30) for ductility class H, with hc in these expressions denoting the depth of the 

composite section (in metres).  

(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:  

c
wd d sy,d

o

30 0.035
b

v
b

φα ω µ ε≥ ⋅ ⋅ ⋅ −                (7.5) 

In which the variables are as defined in 5.4.3.2.2(8) and the normalised design axial force νd is defined as:  

νd = NEd/Npl,Rd = NEd/(Aafyd + Acfcd + Asfsd)             (7.6) 

where 

Aa is the area of the steel section 

Ac is the area of concrete 

As is the area of rebars  

fyd is the design value yield strength of steel 

fctm is the design value of concrete compressive strength  
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fsd design value of yield strength of the rebar steel  

(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 DC M;            (7.7) 

s = min(bo/2, 175, 8 dbL) in ductility class DC H            (7.8) 

or at the lower part of the lower storey, in ductility class DC H  

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);  

dbL  is the minimum diameter of the longitudinal rebars (in millimetres).  

(4)   The diameter of the hoops, dbw, (in millimetres) should be at least  

dbw = 6 in ductility class DC M               (7.10) 

dbw = max(0.35dbL,max[fydL/fydw]
0.5

, 6) in ductility class DC H          (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 DC M or 200 mm in ductility class DC H.  

(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. 

(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  

d
bw

= [(b⋅t
f 
/8)(f

ydf 
/ f

ydw 
)]

0.5
                (7.12) 
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in which b and tf are the width and thickness of the flange respectively and fydf and fydware 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.  

   

Key  
A Additional straight bars (links)  

Figure 7.8: Detail of transverse reinforcement, with the additional straight bars (links) 

welded to the flanges.  

(4)   Straight links welded to the inside of the flanges, as shown in Figure 7.8, additional to the 

reinforcements required by EBCS EN 1994-1-1, 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.  

(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).  
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(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(4) and (5) and 7.5.3(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 EBCS EN 1994-1-1.  

7.7      Design and detailing rules for moment frames  

7.7.1 Specific criteria  

(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 (sagging) 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 = 0.6I1+0.4I2                  (7.13) 
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(4) For composite columns, the flexural stiffness is given by: 

(EI)c = 0.9(EIa + r EcmIc + EIs)               (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.  

NOTE The value ascribed to r for use is found in the National Annex of this document. The recommended 

value is r = 0.5.  

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 EBCS 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.   

(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 EBCS EN 1994-

1-1:2013, 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 
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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.  

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 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.  
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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.  

(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 EBCS EN 1994-1-1:2013.  

(2)  Where a link is adjacent to a fully encased composite column, transverse reinforcement meeting 

the requirements of 7.6.5 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.  
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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.  

(4)P   Structural system type 3 shall be designed to dissipate energy in the shear walls and in the 

coupling beams. 

 
 Key  
A bars welded to column;   

B transverse reinforcement  

Figure 7.9a: Details of partially encased composite boundary elements (details of transverse 

reinforcements are for ductility class DCH).  
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Key  
C = shear connectors;  

D = cross tie  

Figure 7.9b: Details of fully encased composite boundary elements (details of transverse 

reinforcements are for ductility class 

 
Key 
A  Additional wall reinforcement at embedment of steel beam;  

B  Steel coupling beam;  

C  Force bearing plate  

Figure 7.10: Details of coupling beam framing into a wall (details are for ductility class DCH  

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.  
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(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 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.  
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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.  

(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 plate. 

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: 

/ 3Rd pl ydV A f= ×
                 (7.19) 

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%.  
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(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.   
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SECTION 8   SPECIFIC RULES FOR TIMBER BUILDINGS  

8.1      General  

8.1.1 Scope  

(1)P  For the design of timber buildings EBCS EN 1995 applies. The following rules are additional to 

those given in EBCS 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 EBCS EN 1995 (e.g. dowel-type joints);  

rigid joints  

joints with negligible flexibility in accordance with EBCS 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 following aspects: structural type, type and rotational ductility capacity of connections.  
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(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 ES prEN 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 EBCS EN 1995-1-1:2013 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 EBCS EN 1995 apply. With respect to the properties of steel 

elements, EBCS 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 cast steel shall fulfil the relevant requirements in EBCS EN 1993; 

b) The ductility properties of the connections in trusses and between the sheathing material and the 

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.  
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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  

thebehaviour 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.   

 Medium capacity to 

dissipate energy - DCM  

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.  

2,5  Hyperstatic portal frames with doweled and bolted 

joints (see 8.1.3(3)P).  

High capacity to dissipate 

energy - DCH  

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).  

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 thickness of 

the connected members is 10⋅d 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.  
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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 EBCS EN 1995-1-1:2013 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 ≥ 0.2⋅g the spacing of fasteners in areas of discontinuity shall be reduced by 25%, but not 

to less than the minimum spacing given in EBCS EN 1995-1-1:2013.  

(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 1995-1-1:2013.  

(2)P  For ultimate limit state verifications of structures designed in accordance with the concept of 

non-dissipative structural behaviour (Ductility class L), the partial factors for material properties γM for 

fundamental load combinations from EBCS EN 1995-1-1:2013 apply.  
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(3)P  For ultimate limit state verifications of structures designed in accordance with the concept of 

dissipative structural behaviour (Ductility classes M or H), the partial factors for material properties γM 

for accidental load combinations from EBCS EN 1995-1-1:2013 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 EBCS 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 EBCS 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. 

 

  



[Type text] [Type text] EBCS EN 1998-1-1:2013 

169 

SECTION 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 EBCS EN 1996 applies. The following rules are additional 

to those given in EBCS 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 EBCS EN 1996-1:2013, 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 ES EN 772-1, should be not less than the minimum values as follows:  

− normal to the bed face:      fb,min;  

− parallel to the bed face in the plane of the wall: fbh,min. 

NOTE The recommended values for  fb,min and  fbh,min are 5 N/mm2 and 2 N/mm2respectively. 

9.2.3 Mortar  

(1)  A minimum strength is required for mortar, fm,min, which generally exceeds the minimum 

specified in EBCS EN 1996.  

NOTE The recommended value for fm,min is 5 N/mm
2
 for unreinforced or confined masonry and 10 N/mm

2
 

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.  

NOTE The National Annex may specify which ones among the three classes above will be allowed to be used 

in the country. 

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:  
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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.  

(2)   Due to its low tensile strength and low ductility, unreinforced masonry that follows the 

provisions of EBCS 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 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 2
nd 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 Ethiopian Building Code Standard may not be used if the value of ag⋅S, exceeds a certain 

limit, ag,urm.  

NOTE The value ascribed to ag,urm should not be less than that corresponding to the threshold for the low 

seismicity cases. 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.  

Table 9.1: Types of construction and upper limit of the behaviour factor 

Type of construction Behaviour factor q 

Unreinforced masonry in accordance with 

EBCS EN 1996 alone (recommended only 

for low seismicity cases). 

1.5 

Unreinforced masonry in accordance with 

EBCS EN 1998-1 

1.5 – 2.5 

Confined masonry 2.0 – 3.0 

Reinforced masonry 2.5 – 3.0 

 
NOTE 1 The recommended values ascribed to qare 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. The values ascribed to q for use for such buildings may be found in the National 

Annex of this document. 

(5)  If the building is non-regular in elevation (see 4.2.3.3) the q-values listed in Table 9.1 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)  
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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 

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;  
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b) the ratio hef/tef of the effective wall height (see EBCS EN 1996-1-1:2013) 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.  

NOTE The recommended values of tef,min, (hef/tef)max and (l/h)minare 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  

 

Symbols used have the following meaning: 

tef    thickness of the wall (see EBCS EN 1996-1-1:2013);  

hef   effective height of the wall (see EBCS EN 1996-1-1:2013);  

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 EBCS 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.  
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(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 

than 300 mm
2
, nor less 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 EBCS EN 1992-1-1:2013, 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 mm
2
should be arranged:  
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− 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 

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 EBCS EN 1996-1-1:2013.  

(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 EBCS EN 1996-

1-1:2013, 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 ag⋅S 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 The recommended values to n and pA,min are given in Table 9.3. These values, which depend also on a 

corrective factor k, are based on 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. A further distinction for different unit strengths, types of construction and use of k may be found in 

the National Annex. 

Table 9.3: Recommended allowable number of storeys above ground and minimum area of shear 

walls for "simple masonry buildings". 
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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 

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 fulfill 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 to pmax is 15%. 

(3)   The shear walls of the building should fulfill 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 ∆m,max and ∆A,max.  

NOTE The recommended values to ∆m,max and to ∆A,max are ∆m,max = 20%, ∆A,max = 20% respectively. 

(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.  
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SECTION 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  

elements constituting the isolation system.  The devices considered in this section consist of laminated 

elastomeric bearings, elastoplastic 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, either hysteretic or viscous;  

− recentering capability;  

− lateral restraint (sufficient elastic rigidity) under non-seismic service lateral loads.  
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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 above 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 superstructure 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)  

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 the 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)   The fundamental requirements in 2.1 and in the corresponding Parts of this Ethiopian Standards, 

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.  
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NOTE The value to be ascribed to γx for use is found in the National Annex of this document, 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 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.  
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(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 

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 

Sections 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 
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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.  

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 the damping and friction 

coefficients.  

(3)  Displacements should be evaluated taking into account the minimum value of stiffness and 

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 
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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.  

(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 at least 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 does 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 

at least 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 of 

translation is:  

eff

eff

2
M

T
K

π=                   (10.1) 
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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 the vertical loads;  

e) the effective period Teff satisfies the following condition:  

3Tf  ≤ Teff ≤ 3s                   (10.2) 

Where Tf is the fundamental period of the superstructure with 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;  

c) the ratio between the vertical and the horizontal stiffness of the isolation system should satisfy the 

following expression:  

v

eff

150
K

K
≥                    (10.3) 

d) the fundamental period in the vertical direction, Tv, should be not longer than 0.1 s, where 

v

v

2
M

T
K

π=                    (10.4) 

(5)   The displacement of the stiffness centre due to the seismic action should be calculated in each 

horizontal direction, from the following expression:  
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( )e eff eff

dc

eff,min

,M S T
d

K

ξ
=                  (10.5) 

 

where Se(Teff, ξeff) 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:  

f
j = m

j 
S

e
(T

eff 
, ξ

eff
)                  (10.6) 

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:  

tot,y

xi i2
y

1
e

y
r

δ = +                   (10.7) 

where 

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; 

ry  is the torsional radius of the isolation system, as given by the following expression: 

( )2 2 2

y i yi i xi xi/r x K y K K= +∑ ∑                (10.8) 

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 all the conditions of 

10.9.3(2), (3) and - if applicable - (4) are not met, a modal analysis may be performed in accordance with 

4.3.3.3.  

(2)  If 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 
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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 of 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 

values of γM defined in the relevant sections of this Ethiopian Building code.  

(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)Pand (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 γx 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 distortion 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. 

 
Figure A.1: Elastic displacement response spectrum.      

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).  

: ( ) 0.025 2.5η
  −

≤ ≤ = ⋅ ⋅ ⋅ +  
−   

E
E F De g C D

F E

T T
T T T S T a S T T

T T
        (A.1) 

F De g: ( )≥ =T T S T d                  (A.2) 

where S, TC, TD are given in Tables 3.2 and 3.3, η 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) 

DETERNINATION 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 norrmalized lateral forces iF  and normalized displacements Φi is 

assumed:  

i i iΦ=F m                     (B.1) 

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, n nF m= . 

B.2   Transformation to an equivalent Single Degree of Freedom (SDOF) system  

The mass of an equivalent SDOF system m* is determined as: 

ii iΦ∗ = =∑ ∑m m F                  (B.2) 

and the transformation factor is given by:  

i

2 2
i i i

i

Γ
Φ

∗

= =
 
 
 
 

∑
∑

∑

Fm

m F

m

                 (B.3) 

The force F
*
 and displacement d

*
 of the equivalent SDOF system are computed as:  

*

Γ
= bF

F                     (B.4) 

* n

Γ
=

d
d                     

 (B.5) 

 
where Fb and dn are, respectively, the base shear force and the control node displacement of the Multi 

Degree of Freedom (MDOF) system.  
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B.3   Determination of the idealized elasto-perfectly plastic force – displacement relationship  

The yield force *

yF , 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 
*

yd  is given by:  

*
* * m
y m *

y

2
 

= −  
 

E
d d

F
                  (B.6) 

where *

mE is the actual deformation energy up to the formation of the plastic mechanism. 

 
Key  

A  plastic mechanism  

Figure B.1: Determination of the idealized elasto - perfectly plastic force – displacement 

relationship.  

 
B.4   Determination of the period of the idealized equivalent SDOF system  

The period T
*

 of the idealized equivalent SDOF system is determined by:   

* *

y*

*

y

2
m d

T
F

π=                    (B.7) 

 

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:  

2
*

* *

et e ( )
2π

 
=  

 

T
d S T                   (B.8) 
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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 and 

3.3).  

a) T* 
 

< T
C (short period range)  

If * * *

y e ( )≥F m S T , the response is elastic and thus  

* *

t et=d d                      (B.9) 

If * * *

y e ( )<F m S T , the response is nonlinear and 

*
* *et C
t u et*

u

1 ( 1)
 

= + − ≥ 
 

d T
d q d

q T
                (B.10) 

*

td  need not exceed 3 *

etd .  

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*. 

* *

e

*

y

( )
=u

S T m
q

F
                   (B.11) 

b) T*
  

≥ T
C  

 (medium and long period range)  

* *

t et=d d                      (B.12) 

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                   
* 2

et e ( *)( * /2 )d S T T π= and Se (T*).  

Iterative procedure (optional)  

If the target displacement *

td  determined in the 4th  step (cl. B.5) is much different from the displacement 

*

md  (Figure B.1) used for the determination of the idealized elastoperfectly plastic force – displacement 

relationship in the 2nd step (cl. B.3), an iterative procedure may be applied, in which steps 2 to 4 are 

repeated by using in the 2nd step *

td  (and the corresponding *

yF ) instead of *

md .  
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a) short period range 

 
b) Medium and long period range 

 
Figure B.2: Determination of the target displacement for the equivalent SDOF system 

 
 

B.6   Determination of the target displacement for the MDOF system  
 

The target displacement of the MDOF system is given by:  
 

*

t tΓ=d d
                    

(B.13)  

The target displacement corresponds to the control node.  
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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, EBCS EN 1994-1-

1:2013 applies for the calculation of the moment capacity of the joint.  
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Key:  

(a) elevation  

(b) no concrete cantilever edge strip – 

(c) concrete cantilever edge strip – no façade steel beam 

(d) no concrete cantilever edge strip – 

(e) concrete cantilever edge strip – façade steel beam 

A main beam;  

B slab;  

C exterior column;   

D façade steel beam;  

E concrete cantilever edge strip  
 

Figure C.1: Configurations of exterior composite beam

moment in a direction perpendicular to façade
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 no façade steel beam – see C.3.1.1.  

no façade steel beam – see C.3.1.2.  

 façade steel beam – see C.3.1.3.  

façade steel beam – see C.3.1.4.  

Figure C.1: Configurations of exterior composite beam-to-column joints under negative bending 

moment in a direction perpendicular to façade 
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er negative bending 
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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 

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 7.5 II.  

(6)  The connectors should be such that:  

n ⋅ PRd  ≥ 1.1 FRds                   (C.1) 

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: FRds = As⋅fyd  

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 (see (2) of this subclause) and (b) the force transferred through the 

mechanism described in EN 1994-1-1:2013 (see (3) of this subclause).  

(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 C.3.1.2.  

 

 
 



[Type text] [Type text] EBCS EN 1998-1-1:2013 

195 

C.3.2  Exterior column - Bending of the column in direction perpendicular to façade; 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 7.7).  

(3)  Confinement of the concrete next to the column flange is necessary. The cross-sectional area of 

confining reinforcement should satisfy the following expression:   

b cd
T eff b

yd,T

0.15
0.25

0.15

−
≥

l b f
A d b

l f
                (C.3) 

where  

l is the beam span, as defined in 7.6.3(3) and Figure (7.3)  

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. 
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Key:  
(a) elevation;  

A main beam;  

B slab;  

C exterior column;   

D façade steel beam;  

 E concrete cantilever edge strip  

Figure C.2: Configurations of exterior composite beam-to-column joints under positive bending 

moments in a direction perpendicular to façade and possible transfer of slab forces 

 

 



[Type text] [Type text] EBCS EN 1998-1-1:2013 

197 



[Type text] [Type text] EBCS EN 1998-1-1:2013 

198 

 
 

Key:  

(b) no concrete cantilever edge strip – no façade steel beam – see C.3.2.1;  

(c) mechanism 1;   

(d) slab extending up to the column outside face or beyond as a concrete cantilever edge strip – no façade 

steel beam – see C.3.2.2;  

(e) mechanism 2;   

(f) slab extending up to the column outside face or beyond as a concrete cantilever edge strip – façade 

steel beam present – see C.3.2.3;  

(g) mechanism 3.  

 

F additional device fixed to the column for bearing.  

Figure C.2 (continuation): Configurations of exterior composite beam-to-column joints under 

positive bending moment in direction perpendicular to façade and possible transfer of slab 

forces. 
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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 

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.  

(2)   The tension-tie total steel cross-sectional area AT should satisfy the following expression (see 

Figure C.2.(e)):  

Rd2
T

yd,T

0.5
F

A
f

≥                    (C.6) 

 (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)   When a façade steel beam is present, a third mechanism of force transfer FRd3 is activated in 

compression involving the façade steel beam.   

FRd3 = n ⋅ PRd                                                                (C.8)  

where  

n is the number of connectors within the effective width computed from 7.6.3 and Table 7.5II; 

PRd is the design resistance of one connector. 
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(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 = 0.15l.  

C.3.3  Interior column  

C.3.3.1  No transverse beam present (Figure C.3(b-c)).  

(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:  

Rd2
T

yd,T

0.5
F

A
f

≥                    (C.12) 

 (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) 
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where  

As is the cross-sectional area of bars within the effective width in negative bending beff specified in 

7.6.3 and Table 7.5 II; and  

beff  is the effective width in positive bending as specified in 7.6.3 and Table 7.5 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 slab concrete, the following condition should be fulfilled. 

1.2(Fsc+Fst) ≤ FRdi + 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).  
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Key:  

(a) elevation;  

(b) mechanism 1;  

(c) mechanism 2;  

(d) mechanism 3  

A main beam;  

B slab;  

C interior column;  

D transverse beam  

Figure C.3. Possible transfer of slab forces in an interior composite beam-to column joint with 

and without a transverse beam, under a positive bending moment on one side and a negative 

bending moment on the other side. 

 



[Type text] [Type text] EBCS EN 1998-1-1:2013 

203 

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 computed using 7.6.3 and Table 7.5II. 

PRd is the design resistance of once 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 + n⋅PRd                                                                                            (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)  


