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This document (EN 1994-2:2005), Eurocode Design of composite stee] and concrete structures, 
Part General rules and rules for bridges, has been prepared on behalf of Technical COlnn1ittee 
CEN/TC 250 "Structural Eurocodes!f, the Secretariat of which is held by BSI. 

This European Standard shall be given the status of a national standard, either by publication of an 
identical text or by endorselnent, at the latest by April 2006, and conflicting national standards 
shall be withdrawn at the latest by March 2010. 

This document supersedes ENV 1994-2: 1994. 

CEN/TC 250 is responsible for all Structural Eurocodes. 

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the 
following countries are bound to iInpiement this European Standard: Austria, Belgimn, Cyprus, 
Czech Republic, Denn1ark, Estonia, Finland, France, Gern1any, Greece, Hungary, Iceland, Ireland, 
Italy, Latvia, Lithuania, Luxen1bourg, Malta, the Netherlands, Norway, Poland, Portugal, Slovakia, 
Slovenia, Spain, Sweden, Switzerland and the United Kingdoln. 

Background of the Eurocode programme 

In 1975, the Con1n1ission of the European Conlnlunity decided on an action progranl111e in the field 
of construction, based on article 95 of the Treaty. The objective of the progran1Ine was the 
elimination of technical obstacles to trade and the harn10nisation of technical specifications. 

Within this action progrmnlne, the Comn1ission took the initiative to establish a set of hannonised 
technical rules for the design of construction works which, in a first stage, would serve as all 
alternative to the national rules in force in the Member States and, ultimately, would replace theln. 

For fifteen years, the Con1mission, with the help of a Steering COlnlnittee with Representatives of 
Melnber States, conducted the developn1ent of the Eurocodes progranl1ne, which led to the first 
generation of European codes in the 1980s. 

In 1989, the Con1mission and the Men1ber States of the EU and EFTA decided, on the basis of an 
agreement I between the COlnlnission and CEN, to transfer the preparation and the publication of the 
Eurocodes to CEN through a series of Mandates, in order to provide theln with a future status of 
European Standard (EN). This links de facto the Eurocodes with the provisions of all the Council's 
Directives andlor Commission's Decisions dealing with European standards (e.g. the Council 
Directive 891106/EEC on construction products - CPD - and Council Directives 93/37/EEC, 
92/50lEEC and 89/440/EEC on public works and services and equivalent EFTA Directives initiated 
in pursuit of setting up the inteIllal market). 

The Structural Eurocode progra111me conlprises the following standards generally consisting of a 
nUITlber of Parts: 

1990 
EN 1991 
EN 1992 

Eurocode: 
Eurocode 1: 
Eurocode 2: 

Basis of Structural Design 
Actions on structures 
Design of concrete structures 

I Agreement between the Commission of the European Communities and the European COlllmittee for Standardisation (CEN) concerning the work on 
EUROCODES for the design of building and civil engineering works (BCICEN/03/89). 
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EN 1993 
EN 1994 
EN 1995 
EN 1996 
EN 1997 
EN 1998 
EN 1999 

Eurocode 3: 
Eurocode 4: 
Eurocode 5: 
Eurocode 6: 
Eurocode 7: 
Eurocode 8: 
Eurocode 9: 

Design of steel structures 
Design of composite steel and concrete structures 
Design of tinlber structures 
Design of masonry structures 
Geotechnical design 
Design of structures for earthquake resistance 
Design of alunliniunl structures 

Eurocode standards recognise the responsibility of regulatory authorities in each Menlber State and 
have safeguarded their right to dete1111ine values related to regulatory safety matters at national level 
where these continue to vary from State to State. 

Status and field of application of Eurocodes 

The Member States of the EU and EFTA recognise that Eurocodes serve as reference documents for 
the following purposes: 

as a means to prove conlpliance of building and civil engineering works with the essential 
requirelnents of Council Directive 8911 06/EEC, particularly Essential RequireJnent N°l 
Mechanical resistance and stability and Essential Requirement N°2 Safety in case of fire; 

as a basis for specifying contracts for conshuction works and related engineering services; 

- as a framework for drawing up hannonised technical specifications for construction products 
(EN s and ETAs) 

The Eurocodes, as far as they concern the constTuction works themselves, have a direct relationship 
with the Interpretative Documents2 referred to in Article 12 of the CPD, although they are of a 
different nature frOll1 hannonised product standards3

. Therefore, technical aspects arising from the 
Eurocodes work need to be adequately considered by CEN Technical Committees and/or EOTA 
Working Groups working on product standards with a view to achieving fu1l c0111patibility of these 
technical specifications with the Eurocodes. 

The Eurocode standards provide con1nlon structural design rules for everyday use for the design of 
whole structures and con1ponent products of both a traditional and an innovative nature. Unusual 
fonns of construction or design conditions are not specifically covered and additional expert 
consideration will be required by the designer in such cases. 

National Standards implementing Eurocodes 

The National Standards implementing Eurocodes will conlprise the full text of the Eurocode 
(including any annexes), as published by CEN, which may be preceded by a National title page and 
National foreword, and nlay be followed by a National annex. 

According to Art. 3.3 of the CPD, the essential requirements (ERs) shall be given concrete f0n11 in interpretative documents for the crcalion of the 
necessary links between the essential requirements and the mandates for harmonised ENs and ET AGs/ET As. 

3 According to Art. 12 of tile CPO the interpretative documents shall : 
a) give eoncrele form 10 thc essential requirements by harmonising the tcrminology and the technical bases and indicating classes 

or levels for each requirement where necessary; 
b) indicate methods of correlating these classes or levels ofrcquirel11ent with the tcchnical specifications, e.g. methods of 

calculation and of proo( technical rules for project design, etc. ; 
c) serve as a reference for the establishment of harmon is cd standards and guidelines for European technical approvals. 
The EUfocodes, defaclo, playa similur role in lhe field of the ER 1 and a part ER 2. 
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The National annex l11ay only contain information on those parameters which are left open in the 
Eurocode for national choice, known as Nationally Detennined Parameters, to be used for the 
design of buildings and civil engineering works to be constructed in the country concerned, i. e.: 

values and/or classes where alternativ'es are given in the Eurocode, 
values to be used \vhere a SYl11bol only is given in the Eurocode, 
country specific data (geographical, climatic, etc.), e.g. snow map, 
the procedure to be used, where alternative procedures are given in the Eurocode. 

It may also contain 
decisions on the use of infornlative annexes, and 
references to non-contradictory complementary infoflnation to assist the user to apply the 
Eurocode. 

Links between Eurocodes and harmonised technical specifications (ENs and ETAs) 
for products 

There is a need for consistency between the ha11110nised technical specifications for construction 
products and the technical rules for works4

. Furthernlore, all the info1111ation accoll1panying the CE 
Marking of the construction products which refer to Eurocodes shall clearly nlention which 
Nationally Deternlined Parameters have been taken into account. 

Additional information specific to EN 1994-2 

EN 1994-2 describes the Principles and requirelnents for safety, serviceability and durability of 
composite steel and concrete structures, together \vith specific provisions for bridges. It is based on 
the lin1it state concept used in conjunction with a partial factor nlethod. 

EN 1994-2 is intended for use by: 
committees drafting other standards for structural design and related product, testing and 
execution standards; 

- clients (e.g. for the fonnulation of their specific requirel11ents on reliability levels and durability); 
designers and constructors; 
relevant authorities. 

EN 1994-2 contains the general rules fron1 EN 1994-1-1 and specific rules for the design of 
composite steel and concrete bridges or composite nlen1bers of bridges. 

EN 1994-2 is intended to be used with EN 1990, the relevant parts of EN 1991, EN 1993 for the 
design of steel structures and EN 1992 for the design of concrete structures. 

Nunlerical values for partial factors and other reliability parameters are recon1mended as basic 
values that provide an acceptable level of reliability. They have been selected assulning that an 
appropriate level of work 111 an ship and of quality Inanagen1ent applies. When EN 1994-2 is used as a 
base docun1ent by other CEN/TCs the same values need to be taken. 

4 see ArtJ.3 and Art. 1 2 of the CPO, as well as clauses 4.2, 4.3.1,4.3.2 and 5.2 of 10 I. 
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National Annex for EN 1994-2 

This standard gives alternative procedures, values and recommendations for classes with notes in
dicating where national choices may have to be n1ade. Therefore, the National Standard 
ilnplementing 1994-2 should have a National annex containing all Nationally Determined 
Parameters to be used for the design of bridges to be constructed in the relevant country. 

National choice is allowed in the 
general rules coming from EN 
1994-1-1: 2004 through the 
following clauses: 

2.4.1.1(1) 
[§) - 2.4.1.2(5)P @il 

6.6.3.1(1) 
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National choice is allowed for the 
specific rules for bridges through the 
following clauses: 

1.1.3(3) 
[§) 2.4.1.2(6)P @il 

5.4.4(1) 
6.2.1.5(9) 
6.2.2.5(3) 
6.3.1(1) 
6.6.1.1(13) 
6.8.1(3) 
6.8.2(1) 
7.4.1(4) 
7.4.1(6) 
8.4.3(3) 



Section 1 General 

1.1 Scope 

1.1.1 Scope of Eurocode 4 

BS .EN 1994-2:2005 
EN 1994-2:2005 (E) 

(l) Eurocode 4 applies to the design of conlposite structures and Inenlbers for buildings and civil 
engineering works. It complies with the principles and requirements for the safety and serviceability 
of structures, the basis of their design and verification that are given in EN 1990: 2002 - Basis of 
structural design. 

(2) Eurocode 4 is concerned only with requirenlents for resistance, serviceability, durability and fire 
resistance of conlposite stIuctures. Other requirenlents, e.g. concerning thennal or sound insulation, 
are not considered. 

(3) Eurocode 4 is intended to be used in conjunctio11 with: 

EN 1990 Basis of structural design 

EN 1991 Actions on structures 

ENs, hENs, ETAGs and ETAs for construction products relevant for conlposite structures 

EN 1090 Execution of steel structures and aluminiu111 structures 

EN 13670 Execution of concrete structures 

1992 Design of concrete stIuctures 

EN 1993 Design of steel structures 

EN 1997 Geotechnical design 

EN 1998 Design of structures for earthquake resistance 

(4) Eurocode 4 is subdivided in various parts: 

Part 1 1: General rules and rules for buildings 

Part 1-2: Structural fire design 

Part 2: General rules and lules for bridges. 

1.1.2 Scope of Part I-I of Eurocode 4 

(1) Part 1-1 of Eurocode 4 gives a general basis for the design of C01l1posite structures together with 
specific rules for buildings. 

(2) The follo\ving subjects are dealt with in PaI1 1-1: 

Section 1: General 
Section 2: Basis of design 
Section 3: Materials 
Section 4: Durability 
Section 5: Structural analysis 
Section 6: Ultinlate limit states 
Section 7: Serviceability limit states 
Section 8: Composite joints in frames for buildings 
Section 9: COlnposite slabs with profiled steel sheeting for buildings 

11 
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1.1.3 Scope of Part 2 of Eurocode 4 

(1) Part 2 of Eurocode 4 design rules for steel-concrete composite bridges or l11embers of 
bridges, additional to the general rules in 1994-1-1. Cable stayed bridges are not fully covered 
by this part 

(2) The following subjects are dealt with in Part 2: 

Section 1: General 
Section 2: Basis of design 
Section 3: Materials 
Section 4: Durability 
Section 5: Structural analysis 
Section 6: Ultin1ate 1in1it states 
Section 7: Serviceability 1in1it states 
Section 8: Decks with precast concrete slabs 
Section 9: Conlposite plates in bridges 

(3) Provisions for shear connectors are given only for welded headed studs. 

NOTE: Reference to guidance for other types of shear connectors may be in the National Annex. 

t.2 Normative references 

The following nonnative documents contain provisions which, through references in this text, 
constitute provisions of this European standard. For dated references, subsequent amendments to or 
revisions of any of these publications do not apply. However, paI1ies to agreements based on this 
European standard are encouraged to investigate the possibility of applying the Inost recent editions 
of the nonnative docuillents indicated below. For undated references the latest edition of the 
nornlative document referred to applies. 

1.2.1 General reference standards 

1090-2') 

EN 1990: 2002 

Execution of steel structures and aluminium Structures-Part 2: Technical 
requirements for the execution of steel structures 

Basis of structural design. 

1.2.2 Other reference standards 
EN 1992-1-1: 2004 Eurocode 2: Design of concrete shuctures- Part 1-1: General rules and rules for 

buildings 

EN 1993-1-1: 2005 Eurocode 3: Design of steel structures - Part 1-1: General rules and rules for 
buildings 

EN 1993-1-3:2006@l1Eurocode 3: Design of steel structures - Part 1-3: Cold-formed thin gauge 
nlelnbers and sheeting 

m1)EN 1993-1-5:2006 Eurocode 3: Design of steel structures- Part 1-5: Plated structural elements 

[§) Footnote deleted @il 
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EN 1993-1-8: 2005 

EN 1993-1-9: 2005 

Eurocode 3: Design of steel structures 

Eurocode 3: Design of 
structures 

structures 

Part 1-8: Design of joints 

Part 1-9: Fatigue strength of steel 

EN 1993-1 11 :2006 Eurocode 3: Design of steel structures - Part 1 11: Design of structures 
with tension cOlnponents 

EN 10025-1: 2004 Hot-rolled products of structural steels - Part 1: General delivery conditions 

EN 10025-2: 2004 Hot-rolled products of structural steels - Part 2: Technical delivery conditions 
for non-alloy structural steels 

EN 10025-3: 2004 Hot-rolled products ofstnlctural steels - Part 3: Technical delivery conditions 
for nonnalized/nonnalized rolled weldable fine grain structural steels 

EN 10025-4: 2004 Hot-rolled products of structural steels - Part 4: Technical delivery conditions 
for thennomechanical rolled weldable fine grain struchlral steels 

10025-5: 2004 Hot-rolled products of structural steels Part 5: Technical delivery 
conditions for structural steels with improved atlnospheric corrosion 
resistance 

EN 10025-6: 2004 Hot-rolled products of structural steels - Part 6: Technical delivery 
conditions for flat products of high yield strength structural steels in the 
quenched and tenlpered condition 

EN 10326: 2004 Continuously hot-dip coated strip and sheet of structural steel- Technical 
delivery conditions 

10149-2: 1995 Hot-rolled flat products tnade of high yield strength steels for cold-fonning -
Part 2: Delivery conditions for thermonlechanically rolled steels 

EN 10149-3: 1995 Hot-rolled flat products nlade of high yield strength steels for cold-fornling 
Pati 3: Delivery conditions for nonnalised or nornlalised rolled steels 

EN ISO 13918: 1998 Studs and ceramic fenules for arc stud welding 

EN ISO 14555: 1998 Arc stud welding of nletallic materials 

1.2.3 Additional general and other reference standards for composite bridges 

EN 1990:2002, Annex A2@]Basis of stnlctural design: Application for bridges 

1991-1-5: 2003 Actions on structures. Part 1-5: General actions Thennal actions 

EN 1991-1-6: 2005 Actions on structures. Part 1-6: General actions - Actions during execution 

EN 1991-2: 2003 Actions on structures: Part 2: Traffic loads on bridges 

~ EN 1992-2:2005 @l] Design of concrete structures. Part 2 - Bridges 

~ EN 1993-2:2006 @l] Design of steel structures. Part 2 - Bridges 

1.3 Assumptions 

(1) In addition to the general assUlnptions of EN 1990: 2002 the following assunlptions apply: 

those given in clauses 1.3 of EN 1992-1-1: 2004 and EN1993-1-1: 2005. 
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1.4 Distinction between principles and application rules 

(l) The rules in EN 1990: 2002 1 1.4 apply. 

1.5 Definitions 

1.5.1 General 

(1) The telms and definitions given in EN 1990: 2002, 1.5, EN 1992-1-1: 2004, 1.5 and EN 1993-1-
1: 2005, 1.5 apply. 

1.5.2 Additional terms and definitions used in this Standard 

1.5.2.1 Conlposite Inember 

A structural n1enlber with components of concrete and of structural or cold-forn1ed steel, 
interconnected by shear connection so as to limit the longitudinal slip between concrete and steel 
and the separation of one conlponent from the other. 

1.5.2.2 Shear connection 

An interconnection between the concrete and steel components of a C01l1posite ll1elnber that has 
sufficient strength and stiffness to enable the two con1ponents to be designed as parts of a single 
structural n1err1ber. 

1.5.2.3 Composite behaviour 

Behaviour which occurs after the shear connection has beconle effective due to hardening of 
concrete. 

1.5.2.4 Composite beam 

A conlposite menlber subjected mainly to bending. 

1.5.2.5 Composite column 

A composite member subjected n1ainly to compression or to c01npression and bending. 

1.5.2.6 Composite slab 

A slab in which profiled steel sheets are used initially as pelmanent shuttering and subsequently 
combine structurally with the hardened concrete and act as tensile reinforcelnent in the finished 
floor. 

1.5.2.7 Composite frame 

A fratned structure in which sonle or all of the elements are conlposite members and most of the 
remainder are structural steel members. 

1.5.2.8 Composite joint 

A joint between a C0111posite me111ber and another composite, steel or reinforced concrete mel11ber, 
in which reinforcenlent is taken into account in design for the resistance and the stiffness of the 
joint. 

14 
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A structure or member where the weight of concrete elements is applied to the steel elements which 
are supported in the span~ or is canied independently until the concrete elenlents are able to resist 
stresses. 

1.5.2.10 Un-propped structure or member 

A structure or Inelnber in which the weight of concrete elements is applied to steel elenlents which 
are unsupported in the span. 

1.5.2.11 Un-cracked flexural stiffness 

The stiffness Eall of a cross-section of a composite member where I] is the second nlO1nent of area 
of the effective equivalent steel section calculated assulning that concrete in tension is un-cracked. 

1.5.2.12 Cracked flexural stiffness 

The stiffness Eah of a cross-section of a composite Inember where h is the second nlonlent of area 
of the effective equivalent steel section calculated neglecting concrete in tension but including 
reinforcement. 

1.5.2.13 Prestress 

The process of applying compressive stresses to the concrete part of a C0111posite Inenlber, achieved 
by tendons or by controlled ilnposed deformations. 

1.5.2. t 4 Filler beam deck 

A deck consisting of a reinforced concrete slab and partially concrete-encased rolled or welded steel 
bemns, having their bottom flange on the level of the slab bottonl. 

1.5.2.15 Composite plate 

COll1posite nlenlber consisting of a flat bott0111 steel plate connected to a concrete slab, in which 
both the length and width are nluch larger than the thickness of the c01nposite plate. 

1.6 Syrrlbols 

For the purpose of this Standard the following symbols apply. 

Latin upper ca ... \'e letters 

A Cross-sectional area of the effective composite section neglecting concrete in tension 
Aa Cross-sectional area of the structural steel section 
Ab Cross-sectional area of bottom transverse reinforcelnent 
Abh Cross-sectional area of bottom transverse reinforcenlent in a haunch 
Ac Cross-sectional area of concrete 
Act Cross-sectional area of the tensile zone of the concrete 
A[c Cross-sectional area of the compression flange 
Ap Area of prestressing steel 
As Cross-sectional area of reinforcement 
Asf Cross-sectional area of transverse reinforcenlent 
At Cross-sectional area of top transverse reinforcenlent 
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(EA)cff 
(El)ctf 
(El)cff,1I 
(EI) 2 

Fd 

Kc , Kc,ll 

Ko 
L 
Lc 

Ma,Ed 

Mb.Rd 

Me,Ed 

Mer 
MEd 

Mcl,Rd 

Mf,Rd 
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Shear area of a structural steel section 
Loaded area under the gusset plate 
Modulus of elasticity of structural steel 
Effective modulus of elasticity for concrete 
Secant nlodulus of elasticity of concrete 
Design value of nlodulus of elasticity of reinforcing steel 
Effective longitudinal stiffness of cracked concrete 
Effective flexural stiffness for calculation of relative slenderness 
Effective flexural stiffness for use in second-order analysis 
Cracked flexural stiffness per unit width of the concrete or composite slab 
Component in the direction of the beanl of the design force of a bonded or 
unbonded tendon applied after the shear connection has become effective 

Design longitudinal force per stud 
Design transverse force per stud 
Design tensile force per stud 
Shear nlodulus of structural steel 
Shear nlodulus of concrete 
Second monlent of area of the effective COl11posite section neglecting concrete in tension 
Second nlonlent of area of the structural steel section 
St. Venant torsion constant of the structural steel section 
Second 1110l11ent of area of the un-cracked concrete section 
Effective second 11101nent of area of filler bem11s 
Second nlonlent of area of the steel reinforcelnent 
Second nlonlent of area of the effective equivalent steel section assuming that the 
concrete in tension is un-cracked 
Second nl0111ent of area of the effective equivalent section neglecting concrete in 
tension but including reinforcenlent 
Conection factors to be used in the design of conlposite columns 
Calibration factor to be used in the design of composite columns 
Length; span; effective span 
Equivalent span 
Span 
Length of inelastic region, between points A and B, conesponding to Mcl,Rd and MEd,max, 

respectively 
Length of shear connection 
Bending mOl1lent 
Contribution of the structural steel section to the design plastic resistance nloment of the 
conlposite section 
Design bending monlent applied to the structural steel section 
Design value of the buckling resistance Inoment of a composite beam 
The part of the design bending moment acting on the composite section 
Elastic critical mOlllent for lateral-torsional buckling of a composite beam 
Design bending 1110ment 
Total design bending moment applied to the steel and composite menlber 
Maxil11Ull1 bending nl0lnent or internal force due to fatigue loading 
Mininlunl bending monlent due to fatigue loading 
Design value of the elastic resistance nl0nlent of the composite section 
Design resistance nlonlent to 5.2.6.1 of EN 1993-1-5 



Mmax,Rd 

Mpcrm 

MpLa,Rd 

Mpl,N,Rd 

Mpl,Rd 

Mpl,y,Rd 

Mpl,z,Rd 

MRd 

MRk 

My,Ed 

Mz,Ed 

N 

Na 
Nc 

Ned 

Ne,f 

Ne,cl 

Ncr,ctf 

NG,Ed 

Npl,a 

Npl,Rd 

Npl,Rk 

PEd 

P}"Rd 

P Rd 

PRk 

Pi,Rd 

Va,Ed 
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Maxinlum design value of the resistance 11101nent In the presence of a compreSSIve 
nonnal force 
Most adverse bending monlent for the characteristic cOlnbination 
Design value of the plastic resistance InOlnent of the structural steel section 
Design value of the plastic resistance In01l1ent of the conlposite section taking into 
account the compressive normal force 

value of the plastic resistance moment of the conlposite section vvith full shear 
connection 
Design value of the plastic resistance nloment about the y-y axis of the cOJnposite 
section with full shear connection 
Design value of the plastic resistance monlent about the z-z axis of the conlposite section 
with full shear connection 
Design value of the resistance monlent of a composite section 
Characteristic value of the resistance nl0nlent of a conlposite section or joint 
Design bending JTIOnlent applied to the conlposite section about the y-y axis 
Design bending nl01TIent applied to the conlposite section about the z-z axis 
COlnpressive nonna] force; nunlber of stress range cycles; nUlnber of shear connectors 
Design value of the nonnal force in the structural steel section of a conlposite beam 
Design value of the compressive nonl1al force in the concrete flange 
Design compressive force in concrete slab corresponding to NJEd,rnax 

Design value of the conlpressive norrnal force in the concrete flange with full shear 
connection 
Compressive nornlal force in the concrete flange cOlTesponding to Mcl,Rd 

Elastic critical load of a cOlnposite column corresponding to an effective flexural 
stiffness 
Elastic criticalnornlal force 
Design value of nornlal force calculated for load introduction 
Design value of the compressive nonnal force 
Normal force of concrete tension menlber for SLS 
Nornlal force of concrete tension melnber for ULS 
Design value of the part of the cOlnpressive nonnal force that is penl1anent 
Design value of the plastic resistance of the structural section to nonnal force 
Design value of the plastic resistance of the conlposite section to cOlnpressive nonna] 
force 
Characteristic value of the plastic resistance of the conlposite section to conlpressive 
nomlal force 
Design value of the resistance of the concrete to compressive normal force 
Number of stress-range cycles 
Design value of the plastic resistance of the steel reinforcenlent to nornlal force 
Design value of the plastic resistance of the reinforcing steel to tensile normal force 
Tensile force in cracked concrete slab cOlTesponding to Mcl,Rd taking into account the 
effects of tension stiffening 
Longitudinal force on a connector at distance x froln the nearest web 

Design value of the shear resistance of a stud connector corresponding to F( 

Design value of the shear resistance of a single connector 
Characteristic value of the shear resistance of a single connector 
Design value of the shear resistance of a single stud connector cOlTesponding to Fl 
Design value of the shear force acting on the structural steel section 
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VEd 

VL 

VL,Ed 

Vpl,Rd 

~)l,a,Rd 
Vp,Rd 

VRd 

Design value of the shear buckling resistance of a steel web 
Design value of the shear force acting on the reinforced concrete cross-section of a filler 
beanl 
Design value of the shear force acting on the conlposite section 
Longitudinal force, acting along the steel-concrete flange interface 
Longitudinal shear force acting on length LA-B of the inelastic region 
Design value of the plastic resistance of the composite section to vertical shear 
Design value of the plastic resistance of the structural steel section to vertical shear 
Design value of the resistance of a con1posite slab to punching shear 
Design value of the resistance of the con1posite section to vertical shear 

Latin lower case letters 

a 

beff 

beff,l 

beft~2 
bei 

c 
Cst 

c y, Cz 

d 

18 

Spacing bet\veen parallel beams; dimueter or \vidth; distance 
Steel flange projection outside the web of the bean1 
Width of the flange of a steel section; width of slab, half the distance between adjacent 
webs, or the distance between the web and the free edge of the flange 
Total effective width 
Effective width at luid-span for a span supported at both ends 
Effective width at an internal support 
Effective width of the concrete flange on each side of the web, effective width of 
cOlnposite bottOln flange of a box section 
Width of the flange of a steel section 
GeOluetric width of the concrete flange on each side of the web 
Distance between the centres of the outstand shear connectors; mean width of a concrete 
rib (mininlum width for re-entrant sheeting profiles); width of haunch 
Width of the outstand of a steel flange; effective perilneter of reinforcing bar 
Concrete cover above the steel bean1s of filler bean1 decks 
Thickness of concrete cover 
Clear depth of the web of the structural steel section; dianleter of the shank of a stud 
connector; overall dimneter of circular hollow steel section; minimum transverse 
dilnension of a colun1n 
Dimueter of the weld collar to a stud connector 
Distance between the steel reinforcelnent in tension to the extrelne fibre of the 
composite slab in compression; distance bet\veen the longitudinal reinforcement in 
tension and the centroid of the beanl' s steel section 
Edge distance 
Either of 2eh or 2ev 

Gap bet\veen the reinforcen1ent and the end plate in a composite colutnn 
Lateral distance fronl the point of application of force Fd to the relevant steel web, if Fd 
is applied to the concrete slab 
Vertical distance fron1 the point of application of force to the plane of shear 
connection concerned, if Fd is applied to the elelnent 
Design value of the cylinder compressive strength of concrete according to 1.2 
Characteristic value of the cylinder compressive strength of concrete at 28 days 
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Mean value of the n1easured cylinder compressive strength of concrete 
f~t,ctf Mean value of the effective tensile strength of the concrete 
fctm Mean value of the axial strength of concrete 
f~tO Reference strength for concrete in tension 
.fictm Mean value of the axial tensile strength of lightweight concrete 
/Pd Lilniting stress of prestressing tendons according to 3.3.3 of EN 1992-1-1 
fpk characteristic value of yield strength of prestressing tendons 
Isd Design value of the yield strength of reinforcing steel 
fsk Characteristic value of the yield strength of reinforcing steel 
.fu Specified ultimate tensile strength 
h Nonlinal value of the yield strength of structural steel 
/id Design value of the yield strength of structural steel 
h Overall depth; thickness 
ha Depth of the structural steel section 
he thickness of the concrete flange; 
hn Position of neutral axis 
hs Depth between the centroids of the flanges of the structural steel section 
hsc Overall nonlinal height of a stud connector 
k Amplification factor for second-order effects; coefficient; enlpirical factor for design 

shear resistance 
kc Coefficient 
ks reduction factor for shear resistance of stud connector 
k p Parameter 
k\ Flexural stiffness of the cracked concrete slab 
k2 Flexural stiffness of the web 

.eo Load introduction length 
111 Slope of fatigue strength curve; enlpirical factor for design shear resistance 
n Modular ratio; number of shear connectors 
nL Modular ratio depending on the type of loading 
no Modular ratio for short-telID loading 
nOG Modular ratio (shear moduli) for short term loading 
ntot See 9.4 

Modular ratio (shear moduli) 
See 9.4 

r Ratio of end n10ments 

long tenn loading 

S Longitudinal spacing centre-to-centre of the stud shear connectors 
Sf Clear distance between the upper flanges of the steel beams of filler beanl decks 
St Transverse spacing centre-to-centre of the stud shear connectors 
Sw Spacing of webs of steel beams of finer bean1 decks 

Age; thickness 
tw Thickness of the web of the structural steel section 
tf Thickness of the steel flange of the steel beams of finer beam decks 
to Age at loading 
VEd Design longitudinal shear stress 
VL,Ed Design longitudinal shear force per unit length at the interface between steel and 

concrete 
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VL, Ed, max, Maximunl design longitudinal shear force per unit length at the interface between steel 
and concrete 

Wk Design value of crack width 
x Distance of a shear connector froll1 the nearest web 

Distance between the plastic neutral axis and the extrelne fibre of the concrete slab in 
con1pression 

y Cross-section axis parallel to the flanges 
z Cross-section axis perpendicular to the flanges; lever ann 
Zo Vertical distance 

Greek upper case Jette!':'; 

Lio-

Lio-c 
Lio-E 

Lio-E,glob 

Lio-E,loe 

Lio-E,2 

Lio-s 

Lia:'i,cqu 

LiT 

LiTe 

LiTE 

L1 TE,2 

LiTR 

tp 

Stress range 
Reference value of the fatigue strength at 2 million cycles 
Equivalent constant amplitude stress range 
Equivalent constant an1plitude stress range due to global effects 
Equivalent constant aInplitude stress range due to local effects 
Equivalent constant amplitude stress range related to 2 111i11ion cycles 
Increase of stress in steel reinforcenlent due to tension stiffening of concrete 
Damage equivalent stress range 
Range of shear stress for fatigue loading 
Reference value of the fatigue strength at 2 n1i11ion cycles 
Equivalent constant anlplitude stress range 
Equivalent constant an1plitude range of shear stress related to 2 million cycles 
Fatigue shear strength 
Coefficient 

Greek lower ca,'w letters 

a Factor; parameter, see 6.4.2 (6) 
aer Factor by which the design loads would have to be increased to cause elastic instability 
aM Coefficient related to bending of a conlposite column 
aM,y, aMz Coefficient related to bending of a composite collllnn about the y-y axis and the z-z axis 

respectively 

ast Ratio 
j3 Factor; transfonnation paraIneter, Half of the angle of spread of longitudinal shear force 

Vc into the concrete slab 
Yc Partial factor for concrete 
YF Partial factor for actions, also accounting for model uncertainties and dinlensional 

variations 
Partial factor for equivalent constant amplitude stress range 

)1v1 Partial factor for a tnaterial property, also accounting for model uncertainties and 
dilnensional variations 

)1vw Partial factor for structural steel applied to resistance of cross-sections, see EN 1993-1-1: 
2005,6.1(1) 

YM] Partial factor for structural steel applied to resistance of members to instability assessed 
by nlember checks, see EN 1993-1-1: 2005, 6.1 (1) 
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JiM Partial factor for fatigue strength 
}i.1t~s Partial factor for fatigue strength of studs in shear 
rr Partial factor for pre-stressing action 

Partial factor for reinforcing steel 
rv Partial factor for design shear resistance of a headed stud 
(5 Factor; steel contribution ratio; central deflection 
c\lk Characteristic value of slip capacity 

8 , where.h is in N/n1m2 

1]a, 1]ao F actors related to the confinelnent of concrete 
rye, 1]eo, lJeL Factors related to the confinement of concrete 
e Angle 
1, lv Damage equivalent factors 
l v,1 Factor to be used for the detem1ination of the damage equivalent factor for headed 

studs in shear 
19lob , Dalnage equivalent factors for global effects and local effects, respectively 

1 

lLT 

J.1 
J.1d 
J.1dy, J.1dz 

Va 

P 
Ps 
O"e,Rd 

O"et 

Oillax,f 

Oillin,f 

a:<;,max,f 

O"s,min,f, 

O"s,max 

a:<;,max,O 

O"s,o 

TRd 

¢ 
¢* 

CPt 
cp (t,to) 

X 
XLT 

If/L 

Relative slenderness 

Relative slenderness for lateral-torsional buckling 
Coefficient of friction; nominal factor 
Factor related to design for compression and uniaxial bending 
Factor J.1d related to plane of bending 
Poisson's ratio for structural steel 
Parameter related to reduced design bending resistance accounting for vertical shear 
Parameter; reinforcement ratio 
Local design strength of concrete 
Extreme fibre tensile stress in the concrete 
Maxinlum stress due to fatigue loading 
Minimuln stress due to fatigue loading 
Stress in the reinforcenlent due to the bending nloment lVIEd,maxJ 

Stress in the reinforcenlent due to the bending mOlnent MEd,minJ 

Stress in the tension reinforcelnent 
Stress in the reinforcenlent due to the bending InOlnent Unax 

Stress in the reinforcement due to the bending monlent Unax, neglecting concrete In 
tension 
Stress in the tension reinforcement neglecting tension stiffening of concrete 
Design shear strength 
Diameter (size) of a steel reinforcing bar; danlage equivalent ilnpact factor 
Diameter (size) of a steel reinforcing bar 
Creep coefficient 
Creep coefficient, defining creep between tinles t and to, related to elastic deforInation at 
28 days 
Reduction factor for flexural buckling 
Reduction factor for lateral-torsional buckling 
Creep nlultiplier 
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Section 2 Basis of design 

2.1 Requirements 

(l)P The design of con1posite structures shall be in accordance with the general rules gIven In 
EN 1990: 2002. 

(2)P The supplementary provisions for cOlnposite structures given in this Section shall also be 
applied. 

(3) The basic requirenlents of EN 1990: 2002, Section 2 are deen1ed to be satisfied for conlposite 
structures when the following are applied together: 

- limit state design in conjunction with the partial factor n1ethod in accordance with EN 1990: 
2002, 

- actlons in accordance with EN 1991, 

- combination of actions in accordance with EN 1990: 2002 and 

- resistances, durability and serviceability in accordance with this Standard. 

2.2 Principles of limit states design 

(l)P For cOlnposite structures, relevant stages in the sequence of construction shall be considered. 

2.3 Basic variables 

2.3.1 Actions and environmental influences 

(1) Actions to be used in design may be obtained fronl the relevant parts of EN 1991. 

(2)P In verification for steel sheeting as shuttering, account shall be taken of the ponding effect 
(increased depth of concrete due to the deflection of the sheeting). 

2.3.2 Material and product properties 

(l) Unless otherwise given by Eurocode 4, actions caused by time-dependent behaviour of concrete 
should be obtained from EN 1992-1-1: 2004. 

2.3.3 Classification of actions 

(l)P The effects of shrinkage and creep of concrete and non-uniform changes of temperature result 
in internal forces in cross sections, and curvatures and longitudinal strains in metnbers; the effects 
that occur in statically detelminate structures, and in statically indeterminate structures when 
compatibility of the defOlmations is not considered, shall be classified as primary effects. 

(2)P In statically indetetminate structures the primary effects of shrinkage, creep and temperature 
are associated with additional action effects, such that the total effects are compatible; these shall be 
classified as secondary effects and shall be considered as indirect actions. 
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2.4 Verification by the partial factor method 

2.4.1 Design values 

2.4.1.1 Design values of actions 

BS EN 1994-2:2005 
EN 1994-2:2005 (E) 

(1) For pre-stress by controlled ilnposed defornlations, e.g. by jacking at supports, the partial safety 
factor should be specified for ultin1ate lilnit states, taking into account favourable and 
unfavourable effects. 

NOTE: Values for Jlr may be 
effects is 1,0. 

in the National Annex. The recommended value for both favourable and unfavourable 

2.4.1.2 Design values of material or product properties 

(1)P Unless an upper estilnate of strength is required, partial factors shall be applied to lower 
characteristic or nominal strengths. 

(2)P For concrete, a partial factor yc shall be applied. The design conlpressive strength shall be 
given by: 

= j~k / (2.1) 

where the characteristic value fck shall be obtained by reference to EN 1992-1 1: 2004, 3.1 for 
nonnal concrete and to EN 1992-1-1: 2004, 11.3 for light\veight concrete. 

NOTE: The value for lc is that used in EN 1992-1- J : 2004. 

(3)P For steel reinforcernent, a partial factor Ys shall be applied. 

NOTE: The value for is that used in £\1 1992-\-1: 2004. 

(4)P For structural steel, steel sheeting and steel connecting devices, partial factors ]1vl shall be 
applied. Unless otherwise stated, the partial factor for structural steel shall be taken as }'Mo. 

NOTE: Values for JIM are those in EN 1993-2. 

(5)P For shear connection, a partial factor shan be applied. 

NOTE: The value for Yv may be given in the National Annex. The recommended value for lv is 1,25. 

(6)P For fatigue veri fication of headed studs in bridges, partial factors ]1vlf and shall be applied. 

NOTE: The value for YM!' is that used in EN 1993-2. The value for Y'vIC., may be given in the National Annex. The 

recommended value for Ytl.ILs is 1,0. 

2.4.1.3 Design values of geometrical data 

(l) Geometrical data for cross-sections and systelns may be taken frOln product standards hEN or 
drawings for the execution and treated as nominal values. 

2.4.1.4 Design resistances 

(l)P For c01nposite structures, design resistances shall be detennined in accordance with EN 1990: 
2002, expression (6.6a) or expression (6.6c). 
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2.4.2 Combination of actions 

(1) The general formats for combinations of actions are given in EN 1990: 2002, Section 6. 

(2) For bridges the c0I11binations of actions are given in Annex A2 of 1990: 2002. 

2.4.3 Verification of static equilibriun1 (EQU) 

(1) The reliability fornlat for the verification of static equilibriunl for bridges, as described in EN 
1990: 2002, Table A2.4(A), also applies to design situations equivalent to (EQU), e.g. for the 
design of holding down anchors or the verification of uplift of bearings of continuous beams. 

Section 3 Materials 

3.1 Concrete 

(1) Unless otherwise given by Eurocode 4, properties should be obtained by reference to 
EN 1992-1 1: 2004, 3.1 for normal concrete and to EN 1992-1 1: 2004, 11.3 for lightweight 
concrete. 

(2) This Part of EN 1994 does not cover the design of composite structures with concrete strength 
classes lower than C20/25 and LC20/22 and higher than C60/75 and LC60/66. 

(3) Shrinkage of concrete should be detennined taking account of the ambient humidity, the 
dimensions of the elen1ent and the composition of the concrete. 

3.2 Reinforcing steel for bridges 

(l) Properties should be obtained by reference to EN 1992-1-1: 2004, 3.2, except 3.2.4 where EN 
1992-2 applies. 

(2) For con1posite structures, the design value of the modulus of elasticity Es may be taken as equal 
to the value for structural steel given in EN 1993-1-1: 2005,3.2.6. 

(3) Ductility characteristics should cOlnply with EN 1992-2, 3.2.4. 

3.3 Structural steel for bridges 

(l) Properties should be obtained by reference to EN 1993-2. 

(2) The rules in this Part of 
than 460 N/nln12. 

3.4 Connecting devices 

3.4.1 General 

1994 apply to structural steel of nominal yield strength not more 

(1) Reference should be made to EN 1993-1-8: 2005 for requirements for fasteners and welding 
consu111ables. 

3.4.2 Headed stud shear connectors 

(1) Reference should be 111ade to 13918. 
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3.5 Prestressing steel and devices 

(1) Reference should be made to clauses 3.3 and 3.4 ofENI992-l-l: 2004. 

3.6 Tension components in steel 

(1) Reference should be n1ade to EN 1993-1-11. 

Section 4 Durabilitv 
" 

4.1 General 

(l) The relevant provisions given in EN 1990, EN 1992 and EN 1993 should be followed. 

(2) Detailing of the shear connection should be in accordance with 6.6.5. 

4.2 Corrosion protection at the steel-concrete interface in bridges 

(1) The corrosion protection of the steel flange should extend into the steel-concrete interface at 
least 50 n1n1. For additional rules for bridges \vith pre-cast deck slabs, see Section 8. 

Section 5 Structural analysis 

5.1 Structural modelling for analysis 

5.1.1 Structural nlodelling and basic assumptions 

(1)P The structural n10del and basic assun1ptions shall be chosen in accordance with EN 1990: 
2002, 5.1.1 and shall reflect the anticipated behaviour of the cross-sections, melnbers, joints and 
bearings. 

(2) Section 5 is applicable to composite bridges in which n10st of the structural men1bers and joints 
are either conlposite or of structural steel. Where the structural behaviour is essentially that of a 
reinforced or pre-stressed concrete structure, with only a few conlposite n1embers, global analysis 
should be generally in accordance with EN 1992-2. 

(3) Analysis of con1posite plates should be in accordance with Section 9. 

5.1.2 Joint modelling 

(1) The effects of the behaviour of the joints on the distribution of internal forces and nloments 
within a structure, and on the overall deforn1ations of the structure, may generally be neglected, but 
\vhere such effects are significant (such as in the case of senli-continuous joints) they should be 
taken into account, see Section 8 and EN 1993-1-8: 2005. 

(2) To identify \vhether the effects of joint behaviour on the analysis need be taken into account, a 
distinction 11lay be Inade between three joint models as follows, see 8.2 and EN 1993-1-8: 2005, 
5.1.1 : 

simple, in which the joint may be assumed not to tra11sn1it bending mOlnents; 

continuous, in which the stiffness and/or resistance of the joint allo\v full continuity of the 
11lembers to be assumed in the analysis; 

sen1i-continuous, In \vhich the behaviour of the joint needs to be taken into account in the 
analysis. 
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(3) In bridge structures sen1i-continuous con1posite joints should not be used. 

5.1.3 Ground-structure interaction 

(l)P Account sha11 be taken of the deformation characteristics of the supports where significant. 

NOTE: EN 1997-1: 2004 guidance for calculation of soil-structure interaction. 

(2) \Vhere settlen1ents have to be taken into account and where no design values have been 
specified, appropriate estin1ated values of predicted settlen1ent should be used. 

(3) Effects due to settlelnents n1ay normally be neglected in ultimate limit states other than fatigue 
for cOInposite n1embers where all cross sections are in class 1 or 2 and bending resistance is not 
reduced by lateral torsional buckling. 

5.2 Structural stability 

5.2.1 Effects of deformed geometry of the structure 

(1) The action effects 111ay generally be determined using either: 

- first-order analysis, using the initial geometry of the structure; 

- second-order analysis, taking into account the influence of the defOlmation of the structure. 

(2)P The effects of the deforn1ed geometry (second-order effects) shall be considered if they 
increase the action effects significantly or modify significantly the structural behaviour. 

(3) First-order analysis may be used if the increase of the relevant internal forces or mOlnents 
caused by the deforn1ations given by first-order analysis is less than 100/0. This condition luay be 
assumed to be fulfilled if the following criterion is satistIed: 

(5.1) 

where: 

a cr is the factor by which the design loading would have to be increased to cause elastic 
instability. 

(4)P In deten11ining the stiffness of the structure, appropriate allowances shall be made for cracking 
and creep of concrete and for the behaviour of the joints. 

5.2.2 Methods of analysis for bridges 

(1) For bridge structures EN 1993-2, 5.2.2 applies. 

5.3 Imperfections 

5.3.1 Basis 

(1)P Appropriate allowances shall be incorporated in the structural analysis to cover the effects of 
inlperfections, including residual stresses and geometrical in1perfections such as lack of verticality, 
lack of straightness, lack of flatness, lack of fit and the unavoidable minor eccentricities present in 
joints of the unloaded structure. 
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(2)P The assunled shape of imperfections shall take account of the elastic buckling Inode of the 
structure or menlber in the plane of buckling considered, in the Inost unfavourable direction and 
fonn. 

5.3.2 Imperfections for bridges 

(l) Equivalent geometric imperfections should be used with values that reflect the possible effects 
of system imperfections and also lllenlber in1perfections unless these effects are included in the 
resistance forn1ulae. 

(2) The imperfectio11s and design transverse forces for stabilising transverse franles should be 
calculated in accordance with EN 1993-2, 5.3 and 6.3.4.2, respectively. 

(3) For con1posite colu11111s and cOlnposite cOlnpression members, nleillber inlperfections should 
always be considered when verifying stability within a n1elnber's length in accordance with 6.7.3.6 
or 6.7.3.7. Design values of equivalent initial bow l1nperfection should be taken frOITI Table 6.5. 

(4) In1perfections within steel con1pression meillbers should be considered in accordance with 
EN 1993-2, 5.3. 

5.4 Calculation of action effects 

5.4.1 Methods of global analysis 

5.4.1.1 General 

(l) Action effects may be calculated by elastic global analysis, even 'where the resistance of a cross
section is based on its plastic or non-linear resistance. 

(2) Elastic global analysis should be used for serviceability limit states, with appropriate corrections 
for non-linear effects such as cracking of concrete. 

(3) Elastic global analysis should be used for verifications of the limit state of fatigue. 

(4)P The effects of shear lag and of local buckling shall be taken into account if these significantly 
influence the global analysis. 

(5) The effects of local buckling of steel elements on the choice of Inethod of analysis 111ay be taken 
into account by classifying cross-sections, see 5.5. 

(6) The effects of local buckling of steel elements on stiffness may be ignored in non11al composite 
sections. For cross-sections of Class 4, see EN 1993-1-5,2.2. 

(7) The effects on the global analysis of slip in bolt holes and similar defornlations of connecting 
devices should be considered. 

(8) Unless non-linear analysis is used, the effects of slip and separation on calculation of internal 
forces and Illon1ents lllay be neglected at interfaces between steel and concrete where shear 
connection is provided in accordance 'with 6.6. 

(9) For transient design situations during erection stages uncracked global analysis and the 
distribution of effective \vidth according to 5.4.1.2(4) may be used. 
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5.4.1.2 Effective width of flanges for shear lag 

(l)P Allowance shall be made for the flexibility of steel or concrete flanges affected by shear in 
their plane (shear lag) either by nleans of rigorous analysis, or by using an effective width of flange. 

(2) The effects of shear lag in steel plate elenlents should be considered in accordance with 
EN 1993-1-1: 2005, 5.2.1(5). 

(3) The effective width of concrete flanges should be detennined in accordance with the following 
prOVISIons. 

(4) When elastic global analysis is used, a constant effective width nlay be assumed over the whole 
of each span. This value Inay be taken as the value belT.! at Inid-span for a span supported at both 
ends, or the value bcll 2 at the support for a cantilever. 

(5) At tnid-span or an internal support, the total effective width beff , see Figure 5.1, 111ay be 
deternlined as: 

belT bo + Ibci (5.3) 

where: 

bo is the distance between the centres of the outstand shear connectors; 

hci is the value of the effective width of concrete flange on each side of the web and taken 
as Lrj8 ( but not greater than the geon1etric width bi • The value b j should be taken as the 
distance fron1 the outstand shear connector to a point 111id-way between adjacent webs, 
n1easured at nlid-depth of the concrete flange, except that at a free bi is the distance to 
the free edge. The length Le should be taken as the approximate distance between points of 
zero bending n10ment. For typical continuous composite beaIllS, where a moment envelope 
fron1 various load arrangen1ents governs the design, and for cantilevers, Le may be assumed 
to be as shown in Figure 5.1. 

(6) The effective width at an end support may be determined as: 

belT 170 + I/3i hci (5.4) 

with: 

(0,55 + 0,025 Le I bci ) :s; 1,0 (5.5) 

where: 

bel is the effective width, see (5), of the end span at mid-span and Le is the equivalent span of 
the end span according to Figure 5.1. 

(7) The distribution of the effective width bet\veen supports and n1idspan regions n1ay be assun1ed 
to be as shown in Figure 5.1. 

(8) The transverse distribution of stresses due to shear lag may be taken ]n accordance with 
EN 1993-1-5, for both concrete and flanges. 

(9) For cross-sections with bending moments resulting from the n1ain-girder system and from a 
local systenl (for exanlple in composite trusses with direct actions on the chord between nodes) the 
relevant effective widths for the main girder system and the local system should be used for the 
relevant bending 1110111ents. 
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Figure 5.1: Equivalent spans, for effective width of concrete flange 

5.4.2 Linear elastic analysis 

5.4.2.1 General 

(1) Allo\vance should be nlade for the effects of cracking of concrete, creep and shrinkage of 
concrete, sequence of construction and pre-stressing. 

5.4.2.2 Creep and shrinkage 

(1)P Appropriate allowance shall be nlade for the effects of creep and shrinkage of concrete. 

(2) Except for nlenlbers with both flanges con1posite, the effects of creep may be taken into account 
by using modular ratios l1L for the concrete. The nlodular ratios depending on the type of loading 
(subscript L) are given by: 

nL no (1 + If/L SOt) (5.6) 

where: 

no is the modular ratio / Ecm for short-ten11 loading; 

Eem is the secant modulus of elasticity of the concrete for short-ternl loading according to 
EN 1992-1-1: 2004, Table 3.1 or Table 11.3.1; 

SOt is the creep coefficient ~t,to) according to EN 1992-1 1: 2004,3.1.4 or 11.3.3, depending 
on the age (t) of concrete at the mOlllent considered and the age (to ) at loading; 

If/L is the creep lllultiplier depending on the type of loading, 'which should be taken as 
1.1 for permanent loads, 0.55 for primary and secondary effects of shrinkage and 1.5 for 
pre-stressing by imposed deformations. 

(3) For permanent loads on conlposite structures cast in several stages one Inean value to nlay be 
used for the determination of the creep coefficient. This assumption n1ay also be used for pre
stressing by ilnposed defonllations, if the age of all of the concrete in the relevant spans at the tinle 
of pre-stressing is lllore than 14 days. 
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(4) For shrinkage, the age at loading should generally be assulned to be one day. 

(5) Where prefabricated slabs are used or when pre-stressing of the concrete slab is carried out 
before the shear connection has becon1e effective, the creep coefficient and the shrinkage values 
fr01n the tinle when the con1posite action becon1es effective should be used. 

(6) Where in bridges the bending mon1ent distribution at to is significantly changed by creep, for 
example in continuous bean1s of nlixed structures with both conlposite and non- composite spans, 
the tillle-dependent secondary effects due to creep should be considered, except in global analysis 
for the ultimate limit state for nlembers where all cross-sections are in Class 1 or 2 and in which no 
allowance for lateral torsional buckling is necessary. For the time-dependent secondary effects the 
n10dular ratio n1ay be detennined with a creep Inultiplier Ij/L of 0.55. 

(7) Appropriate account should be taken of the prin1ary and secondary effects caused by shrinkage 
and creep of the concrete flange. The effects of creep and shrinkage of concrete may be neglected in 
analysis for verifications of ultinlate limit states other than fatigue, for conlposite Inelnbers with all 
cross-sections in Class 1 or 2 and hl which no allowance for lateral-torsional buckling is necessary; 
for serviceability limit states, see Section 7. 

(8) In regions where the concrete slab is assunled to be cracked, the prul1ary effects due to 
shrinkage Inay be neglected in the calculation of secondary effects. 

(9) In composite colun1ns and c01npression Inembers, account should be taken of the effects of 
creep in accordance with 6.7.3.4(2). 

(l0) For double composite action with both flanges un-cracked (e.g. in case of pre-stressing) the 
effects of creep and shrinkage should be determined by Inore accurate Inethods. 

(11) The St. Venant torsional stiffness of box girders should be calculated for a transfornled cross 
section in which the concrete slab thickl1ess is reduced by the modular ratio l10G = GaiGe where 
Ga and Ge are the elastic shear nl0duli of structural steel and concrete respectively. The effects 
of creep should be taken into account in accordance with (2) with the modular ratio 

l1LG = nOG (l +\jh<Pl). 

5.4.2.3 Effects of cracking of concrete 

(l)P Appropriate allowance shall be made for the effects of cracking of concrete. 

(2) The following method may be used for the determination of the effects of cracking in c01nposite 
beanls with concrete flanges. First the envelope of the internal forces and n10n1ents for the 
characteristic cOlnbinations, see EN 1990; 2002, 6.5.3, including long-term effects should be 
calculated using the flexural stiffness Ea II of the un-cracked sections. This is defined as "un
cracked analysis". 

In regions where the extren1e fibre tensile stress in the concrete due to the envelope of global effects 
exceeds twice the strength fetl11 or fietm , see EN 1992-1-1: 2004, Table 3.1 or Table 1l.3.1, the 
stiffness should be reduced to Ea h, see l.5.2.l2. This distribution of stiffness may be used for 
ultimate lin1it states and for serviceability limit states. A new distribution of internal forces and 
m01nents, and deformation if appropriate, is then deternlined by re-analysis. This is defined as 
"cracked analysis". 
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(3) For continuous conlposite beams with the concrete flanges above the steel section and not pre
stressed, including beams in franles that resist horizontal forces by bracing, the following sinlplified 
111ethod may be used. Where all the ratios of the length of adjacent continuous spans (shorter / 
longer) between supports are at least 0.6, the effect of cracking nlay be taken into account by using 
the flexural stiffness hover 15% of the span on each side of each internal support~ and as the Ul1-

cracked values elsewhere. 

(4) The effect of cracking of concrete on the flexural stiffness of conlposite colu111ns and 
cOlnpressiol1 Inelnbers should be deternlined in accordance with 6.7.3.4. 

(5) Unless a more precise Inethod is used, in Inultiple beanl decks where transverse conlposite 
Inenlbers are not subjected to tensile forces, it 111ay be assunled that the transverse 111enlbers are 
uncracked throughout. 

(6) torsional stiffness of box girders should be calculated for a transfornled cross section. In 
areas where the concrete slab is assumed to be cracked due to bending, the calculation should be 
perfonned considering a slab thickness reduced to one half, unless the effect of cracking is 
considered in a more precise way. 

(7) For ultilnate linlit states the of cracking on the longitudinal shear at the interface 
between the steel and concrete section should be taken into account according to 6.6.2. 

(8) For serviceability limit states the longitudinal shear forces at the interface between the steel and 
concrete section should be calculated by uncracked analysis. If alternatively the effects of cracking 
are taken into account~ tension stiffening and over-strength of concrete in tension should be 
considered. 

5.4.2.4 Stages and sequence of construction 

(I)P Appropriate analysis shall be nlade to cover the effects of staged construction including where 
necessary separate effects of actions applied to structural steel and to wholly or partial1y cOlnposite 
lnelnbers. 

(2) The effects of sequence of construction lnay be neglected in analysis for uHinlate ]jInit states 
other than fatigue, for conlposite members 'where all cross-sections are in Class 1 or 2 and in which 
no allo\vance for lateral-torsional buckling is nel::essat-v 

5.4.2.5 Temperature effects 

(I) Account should be taken of effects due to tenlperature in accordance with 1991-1-5. 

(2) Temperature effects may normally be neglected in analysis for the ultinlate liln1t states other 
than fatigue, for C0111posite nlelnbers where all cross-sections are in Class 1 or Class 2 and in which 
no allowance for lateral-torsional buckling is necessary. 

(3) sinlplification in global analysis and for the detennination of stresses for cOtnposite 
structures, the value of the coefficient of linear thermal expansion for structural steel may be taken 
as lOx 10-6 per DC. For calculation of change in length of the bridge, the coefficient of thennal 
expansion should be taken as 12x 1 0-6 per °c for all structural materials. 

31 



BS EN 1994-2:2005 
EN 1994-2:2005 (E) 

5.4.2.6 Pre-stressing by controlled imposed deformations 

(I)P Where pre-stressing by controlled ilnposed defornlations (e.g. jacking of supports) is provided, 
the effects of possible deviations fron1 the assun1ed values of in1posed deformations and stiffness on 
the internal 1110nlents and forces shall be considered for analysis of ultinlate and serviceability linlit 
states. 

(2) Unless a lnore accurate method is used to detem1ine internal moments and forces, the 
characteristic values of indirect actions due to imposed defolTIlations may be calculated with the 
characteristic or n0111i11al values of properties of materials and of ilnposed deformation, if the 
in1posed defonnations are control1ed. 

5.4.2.7 Pre-stressing by tendons 

(1) Internal forces and n10ments due to pre-stressing by bonded tendons should be detenl1ined in 
accordance \vith EN 1992-1-1: 2004, 5.10.2 taking into account the effects of creep and shrinkage 
of concrete and cracking of concrete where relevant. 

(2) In global analysis, forces in unbonded tendons should be treated as external forces. For the 
detelll1ination of forces in pernlanently unbonded tendons, deformations of the whole structure 
should be taken into account. 

5.4.2.8 Tension members in composite bridges 

(1) In this clause, concrete tension member means either: 
(a) an isolated reinforced concrete tension mernber acting together with a tensiOnll1ell1ber of 

structural steel, with shear connection only at the ends of the n1ember, which causes a 
global tensile force in the concrete tension menlber; or 

(b) the reinforced concrete part of a C0111posite Inember with shear connection over the 
menlber length (a composite tension member) subjected to longitudinal tension. 

Typical exan1ples occur in bowstring arches and trusses where the concrete or composite nlen1bers 
act as tension nlenlbers in the main composite systen1. 

(2)P For the deternlination of the internal forces and n10nlents in a tension men1ber, the non-linear 
behaviour due to cracking of concrete and the effects of tension stiffening of concrete shall be 
considered for the global analyses for ultinlate and serviceability limit states and for the liInit state 
of fatigue. Account shall be taken of effects resulting froin over-strength of concrete in tension. 

(3) For the calculation of the internal forces and mOlnents of a cracked concrete tension member the 
effects of shrinkage of concrete between cracks should be taken into account. The effects of 
autogenous shrinkage nlay be neglected. For silnplification and where (6) or (7) is used, the free 
shrinkage strain of the uncracked Inember should be used for the detelll1ination of secondary effects 
due to shrinkage. 

(4) Unless a n10re accurate lnethod according to (2) and (3) is used, the simplified method 
according to (5) may be used. Alternatively, the Inethods of (6) and (7) are applicable. 

(5) The effects of tension stiffening of concrete may be neglected, if in the global analysis the 
intelnal forces and 1110lnents of the concrete tension member are detern1ined by uncracked analysis 
and the internal forces of structural steel lnenlbers are detennined by cracked analysis. 
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(6) The internal forces and moments in bowstring arches 'with isolated reinforced concrete tension 
melnbers \vith shear connection only at the ends of the men1ber n1ay be determined as follows: 

determination of the intenlal forces of the steel structure with an effective longitudinal stiffness 
(EAs)crr of the cracked concrete tension n1elnber according to equation (5.6-1). 

1 0.35 / (1 + 110 pJ 
(5.6-1) 

no is the n10dular ratio for short ternl loading according to 5.4.2.2(2), As is the 
longitudinal reinforcement of the concrete tension member \vi thin effective width and ps is 
the reinforcen1ent ratio Ps=AsI Ac detern1ined with the effective concrete cross-section area Ac, 

the nonnal forces of the concrete tension lnelnber NEcLscrv for the serviceability limit state and 
lVEd,ult for the u1till1ate limit state are given by 

NEd,serv. 1.15 fct,eff (1+no Ps) (5.6-2) 

(5.6-3) 

where.f~t,cff is the effective tensile strength of concrete. 

Unless verified by more accurate methods, the effective tensile strength n1ay be assulTIed as 
.f~t,cff 0,7 where the concrete tension 11'lember is sil11ultaneously acting as a deck and is 
subjected to cOlnbined global and local effects. 

(7) For composite tension members subjected to norn1al forces and bending n10n1ents, the cross
section properties of the cracked section and the nonnal force of the reinforced concrete part of the 
cOlnposite member should be determined with the effective longitudinal stiffness of the 
reinforcement according to equation (5.6-1). If the norn1al forces of the reinforced concrete part of 
the men1ber do not exceed the values given by the equations (5.6-2) and (5.6-3), these values should 
be used for design. Stresses in reinforcelnent should be detern1ined with these forces but taking into 
account the actual cross-section area of reinforcen1ent. 

5.4.2.9 Filler beam decks for bridges 

(1) Where the detailing is in accordance with 6.3, in longitudinal bending the effects of slip between 
the concrete and the steel bean1s and effects of shear lag n1ay be neglected. The contribution of 
fonnwork supported from the steel bean1s, which becomes part of the pern1anent construction, 
should be neglected. 

(2) Where the distribution of loads applied after hardening of concrete is not unifonn in the 
direction transverse to the span of the filler bemns, the analysis should take account of the 
transverse distribution of forces due to the difference between the deforn1ation of adjacent filler 
beams and of the flexural stiffness transverse to the filler bemn, unless it is verified that sufficient 
accuracy is obtained by a simplified analysis assuming rigid behaviour in the transverse direction. 

(3) Account n1ay be taken of the effects described in (2) by using one of the following 111ethods of 
analysis: 

nl0delling by an orthotropic slab by s111earing of the steel beaIns~ 

considering the concrete as discontinuous so as to have a p1ane grid with n1en1bers having 
flexural and torsional stiffness where the torsional stiffness of the steel section 1TIay be 
neglected. For the detennination of internal forces in the transverse direction, the flexural 

33 



BS EN 1994-2:2005 
EN 1994-2:2005 (E) 

and torsional stiffness of the transverse concrete Illeillbers nlay be assunled to be 50 % of 
the uncracked stiffness, 

general methods according to 5.4.3. 

The n0111ina1 value of Poisson's ratio of concrete may be assumed to be zero for ultimate limit states 
and 0.2 for serviceability liIllit states. 

(4) Internal forces and n10ments should be deternlined by elastic analysis, neglecting redistribution 
of lllOl11ents and internal forces due to cracking of concrete. 

(5) Hogging bending nl0n1ents of continuous filler beams with Class 1 cross-sections at intelnal 
supports may be redistributed for ultin1ate lil11it states other than fatigue by amounts not exceeding 
15% to take into account inelastic behaviour of nlaterials. For each load case the intenlal forces and 
nl011lents after redistribution should be in equilibriulll with the loads. 

(6) Effects of creep on defonnations may be taken into account according to 5.4.2.2. The effects of 
shrinkage of concrete nlay be neglected. 

(7) For the detennination of deflections and precalnber for the serviceability linlit state as \vell as 
for dynanlic analysis the effective flexural stiffness of filler beam decks Illay be taken as 

Ea1eff=0.5(EaI1+Ea ) (5.6-4) 

where II and h are the uncracked and the cracked values of second nloment of area of the composite 
cross- subjected to sagging bending as defined in 1.5.2.11 and 1.5.2.12. The second Illoment of area 
h should be deternlined \vith the effective cross-section of structural steel, reinforcement and 
concrete in cOlnpression. The area of concrete in conlpression 111ay be detennined fron1 the plastic 
stress distribution. 

(8) The influences of differences and gradients of teillperature nlay be ignored, except for the 
deternlination of deflections of railway bridges without ballast bed or railway bridges with non 
ballasted slab track. 

5.4.3 Non-linear global analysis for bridges 

(l)P Non-linear analysis may be used. No application rules are given. 

(2)P The behaviour of the shear connection shall be taken into account. 

(3)P Effects of the defonlled geonletry of the structure shall be taken into account. 

5.4.4 Combination of global and local action effects 

(l) Global and local action effects should be added taking into account a conlbination factor. 

NOTE: The combination factor may be 
EN 1993-2. 

in the National Annex. Relevant information for road bridges is given in Annex E of 

5.5 Classification of cross-sections 

5.5.1 General 

(l)P The classification system defined in EN 1993-1 1: 2005, 5.5.2 applies to cross-sections of 
cOlnposi te beaJllS. 
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(2) A cOlnposite section should be classified according to the least favourable class of its steel 
elements in compression. The class of a cOlnposite section nonnally depends 011 the direction of the 
bending nloment at that section. 

(3) A steel cOll1pression elenlent restrained by attaching it to a reinforced concrete elenlent may be 
placed in a nl0re favourable class, provided that the resulting inlprovenlent in perfornlance has been 
established. 

(4) For classification, the plastic stress distribution should be used except at the boundary between 
Classes 3 and 4, where the elastic stress distribution should be used taking into account sequence of 
construction and the effects of creep and shrinkage. For classification, design values of strengths of 
materials should be used. Concrete in tension should be neglected. The distribution of the stresses 
should be detennined for the gross cross-section of the steel web and the effective flanges. 

(5) For cross-sections in Class 1 and 2 with bars in tension, reinforcelnent used within the effective 
width should have a ductility Class B or C, see EN 1992-1-1: 2004, Table C.l. Additionally for a 
section whose resistance nloment is determined by 6.2.1.2, 6.2.1.3 or 6.2.1.4, a mininlum area of 
reinforcement within the effective width of the concrete flange should be provided to satisfy the 
following condition: 

(5.7) 

with 

Ps 
5 f1' fc'm Fc 

235 fsk C 

(5.8) 

where: 

is the effective area of the concrete flange; 

h is the nominal value of the yield strength of the structural steel in Nltnn12; 

f~k is the characteristic yield strength of the reinforcenlent; 

fctm is the mean tensile strength of the concrete, see EN 1992-1-1: 2004, Table 3.1 or Table 
11.3.1; 

kc is a coefficient given in 7.4.2; 

5 is equal to 1.0 for Class 2 cross-sections, and equal to 1.1 for Class 1 cross-sections at 
which plastic hinge rotation is required. 

(6) Welded mesh should not be included in the effective section unless it has been shown to have 
sufficient ductility, when built into a concrete slab, to ensure that it will not fracture. 

(7) In global analysis for stages in construction, account should be taken of the class of the steel 
section at the stage considered. 

5.5.2 Classification of composite sections 'without concrete encasement 

(1) A steel conlpression flange that is restrained from buckling by effective attachnlent to a concrete 
flange by shear connectors may be assumed to be in Class 1 if the spacing of connectors is in 
accordance with 6.6.5.5. 

(2) The classification of other steel flanges and webs in cOlnpression in cOlnposite beams without 
concrete encasenlent should be in accordance with EN 1993-1-1: 2005, Table 5.2. An elelnent that 
fails to satisfy the limits for Class 3 should be taken as Class 4. 
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(3) Cross-sections with webs in Class 3 and flanges in Classes 1 or 2 111ay be treated as an effective 
cross-section in Class 2 with an effective web in accordance with EN 1993-1-1: 2005, 6.2.2.4. 

5.5.3 Classification of sections of filler beam decks for bridges 

(l) A steel outstand of a cOlnposite section should be classified in accordance with table 

(2) A web in Class 3 that is encased in concrete may be represented by an effective web of the same 
cross-section in Class 2. 

Table 5.2: Maximum values cit for steel flanges of filler beams 

rolled section 

Class T pe 
Rolled or 
welded 

Section 6 ll1timate limit states 

6.1 BeanlS 

6.1.1 Beams in bridges - general 

welded section 

Limit ll1ax (cit) 
cit 
cit 
cit ~ 20£ 

(1) Conlposite bealns should be checked for: 
resistance of cross-sections (see 6.2 and 6.3) 
resistance to lateral-torsional buckling (see 6.4) 

Stress distribution 
(compression positive) 

with fy in N/mm2 

resistance to shear buckling and in-plane applied to webs (see 6.2.2 and 6.5) 
resistance to longitudinal shear (see 6.6) 
resistance to fatigue (see 6.8). 

6.1.2 Effective width for verification of cross-sections 

(1) The effective width of the concrete flange for verification of cross-sections should be 
detennined in accordance with 5.4.1.2 taking into account the distribution of effective width 
between supports and mid-span 

6.2 Resistances of cross-sections of beams 

6.2.1 Bending resistance 

6.2.1.1 General 

(1)P The design bending resistance shall be determined by rigid-plastic theory only where the 
effective cOlnposite cross-section is in Class 1 or Class 2 and where pre-stressing by tendons is not 
used. 
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(2) Elastic analysis and non-linear theory for bending resistance nlay be applied to cross-sections of 
any class. 

(3) For elastic analysis and non-linear theory it may be assU111ed that the COll1posite cross-section 
rell1ains plane if the shear connection and the transverse reinforcenlent are designed in accordance 
with 6.6, considering appropriate distributions of design longitudinal shear force. 

(4)P The tensile strength of concrete shall be neglected. 

(5) Where the steel section of a composite lnember is curved in plan, the effects of curvature should 
be taken into account. 

6.2.1.2 Plastic resistance moment Mpl,Rd of a composite cross-section 

(1) The following assumptions should be made in the calculation of Mpl,Rd : 

a) there is full interaction between structural steel, reinforcement, and concrete; 

b) the effective area of the structural steel menlber is stressed to its design yield strength .J;,d in 
tension or compression; 

c) the effective areas of longitudinal reinforcement in tension and in conlpression are stressed 
to their design yield strength .f~d in tension or conlpression. Alternatively, reinforcenlent in 
cOlnpression in a concrete slab Inay be neglected; 

d) the effective area of concrete in compression resists a stress of 0.85 fed , constant over the 
whole depth between the plastic neutral axis and the nlost cOlnpressed fibre of the concrete, 
where.fcd is the design cylinder conlpressive strength of concrete. 

Typical plastic stress distributions are shown in Figure 6.2. 

I- beff 
·1 

r 

' j 
I 

i'b 

~I . a ) Mpl,Rd 

-----.. 

fyd 

! • fsd Ns 
---+ 

Ma ) Mpl,Rd 

~ 
fyd 

Figure 6.2: Examples of plastic stress distributions for a composite beam with a solid slab and 
full shear connection in sagging and hogging bending 
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(2) For con1posite cross-sections with structural steel grade 5420 or 5460, where the distance 
between the plastic neutral axis and the extreme fibre of the concrete slab in compression exceeds 
15% of the overall depth h of the mel11ber, the design resistance moment AIRd should be taken as fJ 
A1pl,Rd where fJ is the reduction factor given in Figure For values of / h greater than 0.4 the 
resistance to bending should be deterrnined fro1l1 6.2.1.4 or 6.2.1.5. 

1..-----.... 1 

-r- f-I .......... 1IiIIIiIIIIIiII1IiIIr-~ 
1,0 

0,85 
h 

1 
Figure 6.3: Reduction factor f3 for Mp\,Rd 
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(3) Where plas6c theory is used and reinforcen1ent is in tension, that reinforcement should be in 
accordance with 5.5.1(5). 

6.2.1.3 Additional rules for beams in bridges 

(1) Where a con1posite bean1 is subjected to biaxial bending, combined bending and torsion, or 
combined global and local effects, account should be taken of 1993-1-1: 2005, 6.2.1 (5). 

(2) Where elastic global analysis is used for a continuous beam, l\1Ed should not exceed 0.9 Mp1,Rd at 
any cross-section in Class 1 or 2 in sagging bending with the concrete slab in con1pression where 
both: 

the cross-section in hogging bending at or near an adjacent support is in Class 3 or 4, and 

the ratio of lengths of the spans adjacent to that support (shorter/longer) is less than 0.6. 

Alternatively, a global analysis that takes account of inelastic behaviour should be used. 

6.2.1.4 Non-linear resistance to bending 

(I)P Where the bending resistance of a composite cross-section is deten:nined by non-linear theory, 
the stress-strain relationships of the materials shall be taken into account. 

(2) It should be assun1ed that the composite cross-section rel11ains plane and that the strain in 
bonded reinforcen1ent, whether in tension or con1pression, is the sanle as the mean strain in the 
sUlTounding concrete. 

(3) The stresses in the concrete in con1pression should be derived from the stress-strain curves given 
in EN 1992-1-1: 2004, 3.1.7. 

( 4) The stresses in the reinforcement should be derived fr0111 the bi -linear diagran1s gIven 111 

EN 1992-1-1: 2004, 3.2.7. 
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(5) The stresses in structural steel in compression or tension should be derived fronl the bi-linear 
diagram given in EN 1993-1 1: 2005, 5.4.3(4) and should take account of the effects of the ll1ethod 
of construction (e.g. propped or un-propped). 

(6) For Class 1 and Class 2 composite cross-sections vvith the concrete flange in compression, the 
non-linear resistance to bending MRd may be determined as a function of the cOll1pressive force in 
the concrete lVe using the simplified expressions (6.2) and (6.3), as shown in Figure 6.6: 

with: 

Mcl,Rd 

where: 

Ma,Ed + (Mc\,Rd Ma,Ed) ~e 
tv e,c\ 

(M - M ) _lV_c -----'-_ 
pl,Rd cl,Rd N 

1 e.f 

Ma,Ed + k Me,Ed 

(6.2) 

for lVc.el :::; Nc :::; (6.3) 

(6.4) 

~,Ed is the design bending moment applied to structural steel section before composite 
behaviour; 

Mc,Ed is the part of the design bending m0111ent acting on the COl11posite section; 

k is the lo\vest factor such that a stress linlit in 6.2.1.5(2) is reached; where un-propped 
construction is used, the sequence of construction should be taken into account; 

N c•el is the conlpressive force in the concrete flange corresponding to 1110111ent 

For cross sections where 6.2.1.2 (2) applies, in expression (6.3) and in 
the reduced value f3 Mp1,Rd should be used. 

2 

1.0 

AttI,Rd 

7V{;Rd 

Ma,Ed 

7V{;Rd 

f'{,el 1.0 

-,v;;; 

6.6 instead Of~)l,Rd 

Key: 

1 propped construction 

2 unpropped construction 

Figure 6.6: Simplified relationship between MRd and Nc for sections with the concrete slab in 
compression 
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(7) Where the bending resistance of a COll1posite cross-section is determined by non-linear theory, 
the stresses in prestressing steel should be derived from the design curves in of EN 1992-1 1: 2004, 
3.3.6. The design initial pre-strain in prestressing tendons should be taken into account when 
assessing the stresses in the tendons. 

6.2.1.5 Elastic resistance to bending 

(1) Stresses should be calculated by elastic theory, using an effective width of the concrete flange in 
accordance with 6.1 For cross-sections in Class 4, the effective structural steel section should be 
deternlined in accordance with EN 1993-1-5, 4.3. 

(2) In the calculation of the elastic resistance to bending based on the effective cross-section, the 
linliting stresses should be taken as: 

f~d 

- f~d 

/sd 

in concrete in compression; 

in structural steel in tension or conlpression; 

in reinforcenlent in tension or conlpression. Alternatively, reinforcement In 
cOlnpression in a concrete slab nlay be neglected. 

(3)P Stresses due to actions on the structural steelwork alone shall be added to stresses due to 
actions on the composite l11enlber. 

(4) Unless a more precise nlethod is used, the effect of creep should be taken into account by use of 
a lnodular ratio according to 5.4.2.2. 

(5) In cross-sections with concrete in tension and assunled to be cracked, the stresses due to prinlary 
(isostatic) effects of shrinkage Jnay be neglected. 

(6) Compression flanges should be checked for lateral torsional buckling in accordance with 6.4. 

(7) For C0111posite bridges with cross-sections in Class 4 designed according to EN 1993-1-5, 
Section 4, the sum of stresses from different stages of construction and use, calculated on gross 
sections, should be used for calculating the effective steel cross-section at the time considered. 
These effective cross-sections should be used for checking stresses in the composite section at the 
different stages of construction and use. 

(8) In the calculation of the elastic resistance to bending based on the effective cross-section, the 
limiting stress in prestressing tendons should be taken asf~d according to EN 1992-1-1: 2004, 3.3.6. 
The stress due to initial prestrain in prestressing tendons should be taken into account in accordance 
with of EN 1992-1-1: 2004, 5.10.8. 

(9) As an alternative to (7) and (8), Section 10 of EN 1993-1-5 may be used. 

NOTE: The National Annex rnay give a choice of the methods given in (7) and (8) and Section 1O of EN 1993-1-5. 

6.2.2 Resistance to vertical shear 

6.2.2.1 Scope 

(1) Clause 6.2.2 applies to composite beams with a rolled or welded stluctural steel section with a 
solid web, which lllay be stiffened. 
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(1) The resistance to vertical shear Vpl,Rd should be taken as the resistance of the structural steel 
section Vpl ,a,Rd unless the value for a contribution from the reinforced concrete part of the beam has 
been established. 

(2) The design plastic shear resistance Vpl,a,Rd of the structural steel section should be determined in 
accordance with EN 1993-1-1: 2005, 6.2.6. 

6.2.2.3 Shear buckling resistance 

(1) The shear buckling resistance Vb,Rd of an uncased steel web should be detennined in accordance 
with EN 1993-1-5,5. 

(2) No account should be taken of a contribution fronl the concrete slab, unless a more precise 
method than the one of EN 1993-1-5, 5 is used and unless the shear connection is designed for the 
relevant vertical force. 

6.2.2.4 Bending and vertical shear 

(1 ) Where the vertical shear force VEd exceeds half the shear resistance VRd given by Vpl,Rd in 6.2.2.2 
or Vb,Rd in 6.2.2.3, whichever is the smaller, allowance should be made for its effect on the 
resistance mOlnent. 

(2) F or cross-sections in Class 1 or 2, the influence of the vertical shear on the resistance to bending 
may be taken into account by a reduced design steel strength (1 - p) lyd in the shear area as shown 
in Figure 6.7 where: 

p = (2 V Ed / VRd - 1)2 (6.5) 

and VRd is the appropriate resistance to vertical shear, determined in accordance with 6.2.2.2 or 
6.2.2.3. 

~ (3) For cross-sections in Classes 3 and 4, EN 1993-1-5:2006,7.1 is applicable using as MEd the 
total bending moment in the considered cross section and both Mpl,Rd and Mf,Rd for the composite 
cross section. @j] 

(4) No account should be taken of the change in the position of the plastic neutral axis of the cross
section caused by the reduced yield strength according to (2) when classifying the web in 
accordance with 5.5. 

fyd 

Figure 6.7: Plastic stress distribution modified by the effect of vertical shear 

6.2.2.5 Additional rules for beams in bridges 

(l ) When applying EN 1993-1-5, 5.4(1) for a beanl with one flange composite, the dilnension of the 
non-composite flange Inay be used even if that is the larger steel flange. The axial nornlal force NEd 

in EN 1993-1-5, 5.4(2) should be taken as the axial force acting on the composite section. For 
composite flanges the effective area should be used. 
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(2) For the calculation of iV1i:Rd in EN 1993-1-5, 7.1 (1) the design plastic resistance to bending of 
the effective COll1posite section excluding the steel web should be used. 

(3 ) For vertical shear in a concrete flange of a con1posite n1ember, EN 1992-2, 6.2.2 applies. 

NOTE: For concrete flanges in tension the values of and k] in EN 1992-1-1: 2004, 6.2.2, (6.2a and 
may be in the National Annex. The value for kl should take into account aspects of composite action. The 
recommended values are CRd.e and kl 0,12. Also where the stress Cicp is tensile (that is, Ciep < 0) and 
0 ep > 0 cp .() , then Cicp should be by Cicjl.o in Equations (6.2a) and of EN 1992-1-1:2004, 6.2.2, with the 
recommended value 0 cp.o = -1.85 . ~ 

6.3 Filler beam decks 

6.3.1 Scope 

(1) Clauses 6.3.1 to 6.3.5 are applicable to decks defined in 1.5.2.14. A typical cross-section of a 
filler beam deck \vith non-participating pennanent fornlwork is shown in Figure 6.8. No application 
rules are given for fully encased bean1s. 

NOTE: The National Annex may a reference to rules for transverse fi IIer beams 

(2) Steel beatns may be rolled sections, or welded sections with a uniform cross-section. For welded 
sections, both the width of the flanges and the depth of the web should be within the ranges that are 
available for rolled H- or 1- sections. 

(3) Spans lnay be simply supported or continuous. Supports may be square or skew. 

>80mm 

Figure 6.8: Typical cross-section of a filler beam deck 

Key: 

1 non participating 
form work 

(4) Filler-beanl decks should comply with the following: 

the steel beams are not curved in plan; 

42 

the skew angle e should not be greater than 30° (the value e = 0 corresponding to a non
skew deck); 

the non1inal depth h of the steel beanls complies with: 210 n1nl ~ h ~ 1100 nlm; 

the spacing Sw of webs of the steel bem11s should not exceed the lesser of h/3 + 600 mn] and 
750 I11n1, where h is the nonlinal depth of the steel beams in 111m; 

the concrete cover Cst above the steel beanlS satisfies the conditions: 

Cst ~ 70 lnm, Cst ~ 150 mIn, ~ h/3, Cst Xpl - tf 

where Xpl is the distance between the plastic neutral axis for sagging bending and the 
extreme fibre of the concrete in compression, and tf is the thickness of the steel flange; 

the concrete cover to the side of an encased steel flange is not less than 80 nlm; 
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the clear distance Sf between the upper flanges of the steel beams is not less than 150 mm, 
so as to al10w pouring and cOlTIpaction of concrete; 

the soffit of the lower flange of the steel beams is not encased; 

a botton1 layer of transverse reinforcen1ent passes through the webs of the bean1s, and 
is anchored beyond the end steel bean1s, and at each end of each bar, so as to develop its 
yield strength in accordance with 8.4 of EN 1992-1-1: 2004; ribbed bars in accordance 
with EN 1992-1-1: 2004, 3.2.2 and AIU1ex C are used; their dia111eter 1S 110t less than 16 
n1m and their spacing is not lTIOre than 300 Inn1; 

normal-density concrete is used; 

the surface of the steel bean1s should be descaled. The soffit, the upper surfaces and the 
edges of the lower flange of the steel bean1s should be protected against corrosion; 

for road and railway bridges the holes in the \vebs of the steel section should be drilled. 

6.3.2 General 

(1) Finer bemTI decks should be designed for ultin1ate limit states according to 6.3.2 to 6.3.5 and for 
the serviceability limit state according to Section 7. 

(2) Steel beams with bolted connections andlor welding should be checked against fatigue. 

(3) Composite cross-sections should be classified according to 5.5.3. 

(4) Mechanical shear connection need not be provided. 

6.3.3 Bending moments 

(1) The design resistance of cOlnposite cross-sections to bending n10ments should be determined 
according to 6.2.1. Where the vertical shear force Vu,Ed on the steel section exceeds half of the shear 
resistance by 6.3.4, allowance should nlade for its effect on the resistance n10nlent in 
accordance with 6.2.2.4 (2) and (3). 

(2) The design resistance of reinforced concrete sections to transverse bending n101nents should be 
determined according to 1992-2. 

6.3.4 Vertical shear 

(1) The resistance of the composite cross-section to vertical shear should be taken as the resistance 
of the structural steel section Vp1,a,Rd unless the value of a contribution fron1 the reinforced concrete 
part has been established in accordance with EN 1992-2. 

(2) Unless a more accurate analysis is used, the part Vc,Ed of the total vertical shear VEd acting on the 
reinforced concrete part may be taken as VEd (.,Ms,RctiA1pJ,Rd), with A1s,Rd Zs =As fsd Zs. 

The lever arm Zs is shown in Figure 6.9 for a filler-beam deck in Class 1 or 2. 
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Figure 6.9: Stress distribution at il1Rd for part of a filler-beam deck in Class 1 or 2 

(3) The design resistance to vertical shear of reinforced concrete sections between filler beams 
should be verified according to EN 1992. 

6.3.5 Resistance and stability of steel beams during execution 

(1) Steel bean1s before the hardening of concrete should be verified according to EN 1993-1-1: 
2005 and EN 1993-2. 

6.4 Lateral-torsional buckling of composite beams 

6.4.1 General 

(l) A steel f1ange that is attached to a concrete or composite slab by shear connection in accordance 
with 6.6 nlay be assumed to be laterally stable, provided that lateral instability of the concrete slab 
is prevented. 

(2) All other steel flanges in compression should be checked for lateral stability. 

(3) The nlethods in EN 1993-1-1: 2005, 6.3.2.1-6.3.2.3 and, nlore generally, 6.3.4 are applicable to 
the steel section on the basis of the cross-sectional forces on the cornposite section, taking into 
account effects of sequence of construction in accordance with 5.4.2.4. The lateral and elastic 
torsional restraint at the level of the shear connection to the concrete slab may be taken into 
account. 

6.4.2 Beams in bridges with uniform cross-sections in Class 1, 2 or 3 

(1) For beal11s with a unifornl steel cross-section in Class 1, 2, or 3, restrained in accordance with 
6.4.2(5), the design buckling resistance mOlnent should be taken as: 

(6.6) 

where: 
XLT IS the reduction factor for lateral-torsional buckling cOlTesponding to the relative 

slenderness , and 
M Rd is the design resistance mOll1ent at the relevant cross-section. 

Values of the reduction factor XLT may be obtained from EN 1993-1-1: 2005, 6.3.2. 

(2) For cross-sections in Class 1 or Mr~d = Nlpl,Rd, detel111ined according to 6.2.1.2. 

(3) For cross-sections in Class 3, MRd should be taken as McI,Rd given by expression (6.4), but as the 
design bending nl0111ent that causes either a tensile stress f~d in the reinforcelnent or a stress hd in an 
extrenle fibre of the steel section, whichever is the smaller. 
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(4) The relative slenderness Iv L T nlay be calculated fronl: 

(6.7) 

where: 

MRk is the resistance moment of the cOlnposite section uSIng the characteristic material 
properties and the method specified for MRd; 

Mer is the elastic critical nl0nlent for lateral-torsional buckling deternlined at the relevant 
cross-section. 

(5) Where the slab is attached to one or nlore supporting steel nlelnbers which are approxilnately 
parallel to the cOlnposite bean1 considered and the conditions (a) and (b) belo\v are satisfied, the 
calculation of the elastic critical moment, j\1er, lnay be based on the "continuous inverted-U franle" 
lnodel. This lnodel takes into account the lateral displacenlent of the bottoln flange causing bending 
of the steel web, and the rotation of the top flange as shown in Figure 6.10. 

a) The top flange of the steel lnember is attached to a reinforced concrete slab by shear 
connectors in accordance with 6.6. 

b) At each support of the steel nlember, the bottOln flange is laterally restrained and the \veb 
is stiffened. Elsewhere, the web is un-stiffened. 

(6) At the level of the top steel flange, a rotational stiffness ks per unit length of steel bealn may be 
adopted to represent the U -fratne model by a beatn alone: 

(6.8) 

where: 

kl is the flexural stiffness of the cracked concrete slab in the direction transverse to the steel 
beam, which may be taken as: 

(6.9) 

where a 2 for kl for an beam, with or without a cantilever, and a = 3 for an inner 
beam. For inner beams in a bridge deck with four or Inore sitnilar beanls, a 4 nlay be 
used. 

a is the spacing between the parallel beatns; 

h is the "cracked" flexural stiffness per unit width of the concrete or conlposite slab, as 
defined in 1.5.2.12, where h should be taken as the lowest of the value at Inidspan, for 
sagging bending, and the values at the supporting steel nlenlbers, for hogging bending; 

k2 is the flexural stiffness of the steel web, to be taken as: 
3 

Eat)v 
=-----

2 4(1- Va )hs 

where va is Poisson's ratio for steel and hs and tw are defined in Figure 6.10. 

(6.1 0) 

(7) In the U-fratne model, the favourable effect of the St. Venant torsional stiffness, Ga lal' of the 
steel section may be taken into account for the calculation of Mer. 
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Figure 6.10: U-frame model 

6.4.3 General 111ethods for buckling of members and frames 

6.4.3.1 General method 

Key: 

1 cracks 

(1) For conlposite Inembers outside the scope of 6.4.2 (1) or 6.7 and for composite frames 
EN 1993-2, 6.3.4 is applicable. For the deternlination of ault and acrib appropriate resistances and 
stiffnesses of concrete and composite menlbers should be used, in accordance with EN 1992 and 

1994. 

6.4.3.2 Simplified method 

(1) Clause 6.3.4.2 and Annex D2.4 of EN 1993-2 are applicable to structural steel flanges of 
cOlnposite beanls and chords of COll1posite trusses. Where restraint is provided by concrete or 
COll1posite nlembers, appropriate elastic stiffnesses should be used, in accordance with EN 1992 and 
EN 1994. 

6.5 Transverse forces on ,,'ebs 

6.5.1 General 

(1) The rules given in EN 1993-1 6 to detenl1ine the design resistance of an unstiffened or 
stiffened web to transverse forces applied through a flange are applicable to the non-composite steel 
flange of a composite bemn, and to the adjacent part of the web. 

(2) If the transverse force acts in cOlnbination with bending and axial force, the resistance should be 
verified according to EN 1993-1-5,7.2. 

6.5.2 Flange-induced buckling of webs 

(l) EN 1993-1 8 is applicable provided that area Afc is taken equal to the area of the non
composite steel flange or the transfoll11ed area of the composite steel flange taking into account the 
nlodular ratio for short-ternl10ading, whichever is the snlaller. 

6.6 Shear connection 

6.6.1 General 

6.6.1.1 Basis of design 

(1) Clause 6.6 is applicable to conlposite bealTIS and, as appropriate, to other types of composite 
l11ember. 
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(2)P Shear connection and transverse reinforcelTIent shall be provided to transmit the longitudinal 
shear force between the concrete and the structural steel element, ignoring the effect of natural bond 
between the two. 

(3)P Shear connectors shall have sufficient defornlation capacity to justify any inelastic 
redistribution of shear assunled in design. 

(4)P Ductile connectors are those with sufficient defonnation capacity to justify the assumption of 
ideal plastic behaviour of the shear connection in the structure considered. 

(5) A connector may be taken as ductile if the characteristic slip capacity t\lk is at least 61TIlTI. 

NOTE: An evaluation of is given in Annex B of Part 1-1. 

(6)P Where two or nlore different types of shear connection are used within the sanle span of a 
beanl, account shall be taken of any significant difference in their load-slip properties. 

(7)P Shear connectors shall be capable of preventing separation of the concrete elenlent from the 
steel element, except where separation is prevented by other nleans. 

(8) To prevent separation of the slab, shear connectors should be designed to resist a nOlninal 
ultimate tensi Ie force, perpendicular to the plane of the steel flange, of at least 0.1 times the design 
ultimate shear resistance of the connectors. If necessary they should be supplenlented by anchoring 
devices. 

(9) Headed stud shear connectors in accordance with 6.6.5.7 nlay be assumed to provide sufficient 
resistance to uplift, unless the shear connection is subjected to direct tension. 

(lO)P Longitudinal shear failure and splitting of the concrete slab due to concentrated forces applied 
by the connectors shall be prevented. 

(11) If the detailing of the shear connection is in accordance with the appropriate provisions of 6.6.5 
and the transverse reinforcenlent is in accordance with 6.6.6, conlpliance with 6.6.1.1( 1 0) nlay be 
assumed. 

(12) Where a lnethod of interconnection, other than the shear connectors included in 6.6, is used to 
transfer shear between a steel ele111ent and a concrete elenlent, the behaviour assunled in design 
should be based on tests and supported by a conceptual 1110del. The design of the composite 
melnber should conform to the design of a similar lTIember ell1ploying shear connectors included in 
6.6, in so far as practicable. 

(13) Adjacent to cross fraIl1es and vertical web stiffeners, and for composite box girders, the effects 
of bending moments at the steel-concrete interface, about an axis parallel to the axis of the steel 
beam, caused by deformations of the slab or the steel member should be considered. 

NOTE: Reference to further guidance may be given in the National Annex. 

6.6.l.2 Ultimate limit states other than fatigue 

(1) For verifications for ultilnate limit states, the size and spacing of shear connectors may be kept 
constant over any length where the design longitudinal shear per unit length does not exceed the 
longitudinal design shear resistance by 1l10re than 10%. Over every such length, the total design 
longitudinal shear force should not exceed the total design shear resistance. 
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6.6.2 Longitudinal shear force in beams for bridges 

6.6.2.1 Beams in which elastic or non-linear theory is used for resistances of cross-sections 

(I) For any load conlbination and arrangenlent of design actions, the longitudinal shear per unit 
length at the interface between steel and concrete in a composite nlember, should be 
deternlined fron1 the rate of change of the longitudinal force in either the steel or the concrete 
elen1ent of the COll1posite section. Where elastic theory is used for calculating resistances of 
sections, the envelope of transverse shear force in the relevant direction may be used. 

(2) In general the elastic properties of the uncracked section should be used for the detennination of 
the longitudinal shear force, even where cracking of concrete is assumed in global analysis. The 
effects of cracking of concrete on the longitudinal shear force may be taken into account, if in 
global analysis and for the detelll1ination of the longitudinal shear force account is taken of the 
effects of tension stiffening and possible over-strength of concrete. 

(3) Where concentrated longitudinal shear forces occur, account should be taken of the local effects 
of longitudinal slip; for example, as provided in 6.6.2.3 and 6.6.2.4. Otherwise, the effects of 
longitudinal slip may be neglected. 

(4) For conlposite box girders, the longitudinal shear force on the connectors should include the 
effects of bending and torsion, and also of distortion according to 6.2.7 of EN 1993-2, if 
appropriate. For box girders with a flange designed as a conlposite plate, see 9.4. 

6.6.2.2 Beanls in bridges with cross-sections in Class 1 or 2 

(1) In nlembers with cross-sections in Class 1 or 2, if the total design bending moment 
A1Ed,max = A1a,Ed + exceeds the elastic bending resistance McI,Rd, account should be taken of the 
non-linear relationship between transverse shear and longitudinal shear within the inelastic lengths 
of the nlember. Ala.Ed and Me,Ed are defined in 6.2.1.4 (6). 

(2) This paragraph applies to regions \vhere the concrete slab is in compression, as shown in Figure 
6.11. Shear connectors should be provided within the inelastic length LA-B to resist the longitudinal 
shear force resulting from the difference between the nonnal forces Ned and in the 
concrete slab at the cross-sections B and A, respectively. The bending resistance l\1c1,Rd is defined in 
6.2.1.4. If the maxin1uln bending nl01nent .L~lEd,max at section B is smaller than the plastic bending 
resistance Mpl,Rd, the normal force lVed at section B n1ay be detern1ined according to 6.2.1.4(6) and 
Figure 6.6, or alternatively using the sin1plified linear relationship according to Figure 6.11. 
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Figure 6.11: Determination of longitudinal shear in beams with inelastic 
behaviour of cross sections 

(3) Where the effects of inelastic behaviour of a cross-section with the concrete slabs in tension are 
taken into account, the longitudinal shear forces and their distribution should be detern1ined fronl 
the differences of forces in the reinforced concrete slab within the inelastic length of the bealn, 
taking into account effects frOln tension stiffening of concrete between cracks and possible over
strength of concrete in tension. For the determination of McI,Rd 6.2.1.4(7) and 6.2.1.5 applies. 

(4) Unless the method according to (3) is used, the longitudinal shear forces should be detennined 
by elastic analysis with the cross-section properties of the uncracked section taking into account 
effects of sequence of construction. 

6.6.2.3 Local effects of concentrated longitudinal shear force due to introduction of 
longitudinal forces 

(l) Where a force FEd parallel to the longitudinal axis of the composite beanl is applied to the 
concrete or steel element by a bonded or unbonded tendon, the distribution of the concentrated 
longitudinal shear force along the interface between steel and concrete, should be detellnined 
according to (2) or (3). The distribution of caused by several forces FEd should be obtained by 
summation. 

(2) The force VL,Ed may be assumed to be distributed along a length Lv of shear connection with a 
maximum shear force per unit length given by equation (6.12) and (Fig. 6.12a) for load introduction 
within a length of a concrete flange and by equation (6.13) and (Fig. 6.12b) at an end of a concrete 
flange. 

(6.12) 

VL,Ed,max 2 (6.13) 

where 
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befT is the effective width for global analysis, given by 5.4.1.2, 

ed is either 2eh or 2ev (the length over which the force FEd is applied may be added to ed) 

eh is the lateral distance from the point of application of force FEd to the relevant steel web, 
if it is applied to the slab, 

ev is the vertical distance from the point of application of force FEd to the plane of the shear 
connection concerned, if it is app1ied to the steel element. 

(3) Where stud shear connectors are used, at ultin1ate limit states a rectangular distribution of shear 
force per unit length n1ay be assumed within the length Lv , so that within a length of concrete 
flange, 

VL,Ed,max = VL,Ed / (ed + beff ) 

and at an end of a flange, 

vL,Ed,max= 2 V L,Ed / (ed + beff )· 

(6.14) 

(6.15) 

(4) Tn the absence of a more precise determination, the force FEd - VL,Ed may be assumed to disperse 
into the concrete or steel element at an angle of spread 2~, where ~ = arc tan 2/3. 
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Figure 6.12: Distribution of longitudinal shear force along the interface 

6.6.2.4 Local effects of concentrated longitudinal shear forces at sudden change of cross-
sections 

(1) Concentrated longitudinal shear at the end of the concrete slab, e.g. due to the prin1ary effects of 
shrinkage and thel111al actions in accordance with 1991-1-5: 2003 should be considered (see 
Figure 6.12c), and taken into account where appropriate. This applies also for intern1ediate stages of 
construction of a concrete slab (Fig. 6.12d). 

(2) Concentrated longitudinal shear at a sudden change of cross-sections, e.g. change froln steel to 
composite section according to Fig. 6.12d, should be taken into account. 

(3) Where the primary effects of telnperature and shrinkage cause a design longitudinal shear force 
to be transferred across the interface between steel and concrete at each free end of the 

member considered, its distribution may be assumed to be triangular, with a nlaximulll shear force 
per unit length (Figure 6.12c and d) 

VL,Ed,max (6.16) 

at the free end of the slab, where bctT is the effective width for global analysis, given by 5.4.1.2(4). 
Where stud shear connectors are used, for the ultimate liluit state the distribution n1ay alternatively 
be assumed to be rectangular along a length belT adjacent to the free end of the slab. 

(4) For calculating the priluary effects of shrinkage at intern1ediate stages of the construction of a 
concrete slab, the equivalent span for the determination of the width bell in 6.6.2.4 should be taken 
as the continuous length of concrete slab where the shear connection is effective, within the span 
considered. 
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(5) Where at a sudden change of cross-section according to Figure 6.12d the concentrated 
longitudinal shear force results from the force Ne due to bending, the distribution given by (3) may 
be used. 

(6) The forces transferred by shear connectors should be assumed to disperse into the concrete slab 
at an angle of spread 2P, where p arc tan 2/3. 

6.6.3 Headed stud connectors in solid slabs and concrete encasement 

6.6.3.1 Design resistance 

(l) The design shear resistance of a headed stud automatically welded in accordance with EN 14555 
should be detel111ined fr0111: 

14 

Yv 
or: 

Yv 

whichever is sn1aller, with: 

a = 0.2 for 3 s hsc / d s 4 

a = 1 for hse / d > 4 

where: 

Yv is the partial factor; 

d is the diameter of the shank of the stud, 16 mn1 S d 25 mm; 

(6.18) 

(6.19) 

(6.20) 

(6.21 ) 

iu is the specified ultil11ate tensile strength of the n1aterial of the stud but not greater than 

500 N/n11112; 

iek is the characteristic cylinder compressive strength of the concrete at the age considered, of 

density not less than 1750 kg/m3; 

hsc is the overall non1inal height of the stud. 

NOTE: The value for Yv may be given in the National Annex. The recommended value for Yv is 1,25. 

(2) The weld collars should cOll1ply with the requiren1ents of EN 13918. 

(3) Where studs are ananged in a way such that splitting forces occur in the direction of the slab 
thickness, (l) is not applicable. 

(4) For studs of diameter greater than 25 mm, or studs with weld collars which do not con1ply with 
the requirements of EN ISO ]3918, the fOffi1ulae in 6.6.3.1(1) should be verified by tests, see B.2 of 
EN 1994-1-1: 2004, before being used. 
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(1) Where headed stud connectors are subjected to direct tensile force in addition to shear, the 
design tensile force per stud Ften should be calculated. 

(2) If F ten O.lPRd , where P Rd is the design shear resistance defined in 6.6.3.1, the tensile force 

may be neglected. 

(3) If Ften O.lPRd, the connection is not within the scope of EN 1994. 

6.6.4 Headed studs that cause splitting in the direction of the slab thickness 

(1) Where, in bridges, headed stud connectors are arranged in such a way that splitting forces can 
occur in the direction of the slab thickness (see Fig. 6.13) and where there is no transverse shear, the 
design resistance to longitudinal shear may be determined according to 6.6.3.1 (1), provided that (2) 
and (3) are fulfilled. 

NOTE: Where the conditions in (1) are not fulfilled, design rules are given in the informative Annex C 

(2) Transverse reinforcement should be provided, as shown in Figure 6.13, such that ev 2: 6d, and 
the anchoring length v should be greater than or equal to l4d. 

(3) The splitting force should be resisted by stinups which should be designed for a tensile force 
0.3PRd per stud connector. The spacing of these stirrups should not exceed the s111aller of 18d and 
the longitudinal spacing of the connectors. 

':<14/ Jd 
I , ; 1 ~ 

d~ -.-uJ-i!- ~ 
I 

PEd ©/. I 

l© --..,.. 0 
I ,~ ... I 

I ~! -- • 
I· 

I. v..::: 14d .1 
~/ I. < 18d .I 

Figure 6.13: Local reinforcement for splitting forces 

6.6.5 Detailing of the shear connection and influence of execution 

6.6.5.1 Resistance to separation 

I 
I 

@! 
I 
I 

(1) The surface of a connector that resists separation forces (for exalnple, the underside of the head 
of a stud) should extend not less than 30 n1m clear above the bottom reinforcelnent, see Figure 6.14. 

6.6.5.2 Cover and concreting for bridges 

(l)P The detailing of shear connectors shall be such that concrete can be adequately con1pacted 
around the base of the connector. 

(2) Cover over shear connectors should be not less than that required for reinforcelnent adjacent to 
the same surface of concrete. 
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(3) In execution, the rate and sequence of concreting should be required to be such that pal11y 
Inatured concrete is not danlaged as a result oflilnited composite action occuning frOln deformation 
of the steel bean1s under subsequent concreting operations. Wherever possible, deforn1ation should 
not be in1posed on a shear connection until the concrete has reached a cylinder strength of at least 
20 N/n1n/. 

6.6.5.3 Local reinforcement in the slab 

(1) Where the shear connection is adjacent to a longitudinal edge of a concrete slab, transverse 
reinforcement provided in accordance with 6.6.6 should be fully anchored in the concrete between 
the edge of the slab and the adjacent row of connectors. 

(2) To prevent longitudinal splitting of the concrete flange caused by the shear connectors, the 
following additional recommendations should be applied where the distance frOlTI the edge of the 
concrete flange to the centreline of the nearest row of shear connectors is less than 300 lnm: 

a) transverse reinforcement should be supplied by U-bars passing around the shear connectors, 

b) where headed studs are used as shear connectors, the distance from the edge of the concrete 
flange to the centre of the nearest stud should not be less than 6d, where d is the non1inal 
diameter of the stud, and the U-bars should be not less than 0,5d in diameter and 

c) the U-bars should be placed as low as possible while still providing sufficient bottOln cover. 

(3)P At the end of a cOlnposite cantilever, sufficient local reinforcement shall be provided to 
transfer forces fronl the shear connectors to the longitudinal reinforcenlent. 

6.6.5.4 Haunches other than formed by profiled steel sheeting 

(I) Where a concrete haunch is used between the steel section and the soffit of the concrete slab, the 
sides of the haunch should lie outside a line drawn at 450 frOlTI the outside edge of the connector, 
see Figure 6.14. 

Figure 6.14: Detailing 

(2) The nominal concrete cover from the side of the haunch to the connector should be not less than 
50mm. 

(3) Transverse reinforcing bars sufficient to satisfy the requirelnents of 6.6.6 should be provided in 
the haunch at not less than 40 n1m clear below the surface of the connector that resists uplift. 

6.6.5.5 Spacing of connectors 

(l)P Where it is assun1ed in design that the stability of either the steel or the concrete menlber is 
ensured by the connection between the two, the spacing of the shear connectors shall be sufficiently 
c10se for this assumption to be valid. 
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(2) Where a steel compression flange that would otherwise be in Class 3 or Class 4 is 
assurned to be in Class 1 or Class2 because of restraint f1'0111 shear cOllnectors, the centre-to-centre 
spacing of the shear connectors in the direction of conlpression should be not greater than the 
following linlits: 

where the slab is in contact over the full length (e.g. solid slab): 22 tr~235If~, 

where the slab is not in contact over the full length (e.g. slab with ribs transverse to the 

beanl): 15 tr~2351fy 
where: 

If is the thickness of the flange; 

is the nonlinal yield strength of the flange in N/ml112. 

In addition, the clear distance fr0111 the edge of a conlpression flange to the nearest line of shear 

connectors should be not greater than 9 If~2351fy . 

(3) The maximul11 longitudinal centre-to-centre spacing of individual shear connectors should not 
exceed the lesser of four times the slab thickness and 800 mm. 

(4) Connectors nlay be placed in groups, with the spacing of groups greater than that specified for 
individual shear connectors, provided that consideration is given in design to: 

the non-unifornl flow of longitudinal shear, 

the greater possibility of slip and vertical separation between the slab and the steelillember, 

buckling of the steel flange, and 

the local resistance of the slab to the concentrated force frOl11 the connectors. 

6.6.5.6 Dimensions of the steel flange 

(l)P The thickness of the steel plate or flange to which a connector is welded shall be sufficient to 
allo\v proper welding and proper transfer of load froll1 the connector to the plate without local 
failure or excessive deformation. 

(2) The distance eD between the edge of a connector and the edge of the flange of the beanl to which 
it is welded, see Figure 6.14, should not be less than 25 mnl. 

6.6.5.7 Headed stud connectors 

(1) The overall height of a stud should be not less than 3d, where d is the diameter of the shank. 

(2) The head should have a dianleter of not less than 1 ,5d and a depth of not less than OAd. 

(3) For elel11ents in tension and subjected to fatigue loading, the dialneter of a welded stud should 
not exceed 1,5 times the thickl1ess of the flange to which it is welded, unless test infornlation is 
provided to establish the fatigue resistance of the stud as a shear connector. This applies also to 
studs directly over a web. 

(4) The spacing of studs in the direction of the shear force should be not less than 5d; the spacing in 
the direction transverse to the shear force should be not less than 2,5d in solid slabs and 4d in other 
cases. 

(5) Except when the studs are located directly over the web, the dianleter of a welded stud should be 
not greater than 2,5 tiJnes the thickness of that part to which it is \velded, unless test information is 
provided to establish the resistance of the stud as a shear connector. 
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6.6.6 Longitudinal shear in concrete slabs 

6.6.6.1 General 

(l)P Transverse reinforcell1ent in the slab shall be designed for the ultin1ate limit state so that 
prelnature longitudina1 shear failure or longitudinal splltting shall be prevented. 

(2)P The design longitudinal shear stress for any potential surface of longitudinal shear failure 
within the slab shall not exceed the design longitudinal shear strength of the shear surface 
considered. 

(3) The length of the shear surface b-b shown in Figure 6.15 should be taken as equal to 2hsc plus 
the head diaIl1eter for a single row of stud shear connectors or staggered stud connectors, or as equal 
to (2hsc + 5t) plus the head dianleter for stud shear connectors arranged in pairs, where hsc is the 
height of the studs and 5t is the transverse spacing centre-to-centre of the studs. 

(4) design longitudinal shear per unit length of beam on a shear surface should be determined 
in accordance with 6.6.2 and be consistent with the design and spacing of the shear connectors. 
Account may be taken of the variation of longitudinal shear across the width of the concrete flange. 

(5) For each type of shear surface considered, the design longitudinal shear stress VEd should be 
detern1ined fron1 the design longitudinal shear per unit length of beanl, taking account of the 
nUll1ber of shear planes and the length of shear surface. 

I • 
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Figure 6.15: Typical potential surfaces of shear failure 

6.6.6.2 Design resistance to longitudinal shear 

(1) The design shear strength of the concrete flange (shear planes a-a illustrated in Figure 6.15) 
should be deternlined in accordance with EN 1992-1-1: 2004, 6.2.4. 

(2) In the absence of a lTIOre accurate calculation the design shear strength of any surface of 
potential shear failure in the flange or a haunch Inay be detennined from EN 1992-1-1: 2004, 
6.2.4( 4). For a shear surface passing around the shear connectors (e.g. shear surface b-b in Figure 
6.15), the dimension h1' should be taken as the length of the shear surface. 
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(3) The effective transverse reinforcement per unit length, Asrl Sr in EN 1992-1-1: 2004, should be 
as shown in Figure 6.15, in which Ab, At and Abh are areas of reinforcelnent per unit length of beatH 
anchored in accordance \vith 1992-1-1: 2004, 8.4 for longitudinal reinforcenlent. 

(4) Where a con1bination of pre-cast ele111ents and in-situ concrete is used, the resistance to 
longitudinal shear should be determined in accordance with EN 1992-1 1: 2004, 6.2.5. 

6.6.6.3 Minimum transverse reinforcement 

(l) The minimunl area of reinforcement should be deterrnined in accordance with 
2004, 9.2.2(5) using definitions appropriate to transverse reinforcelnent. 

6.7 Composite columns and composite compression members 

6.7.1 General 

1992-l-l: 

(1)P Clause 6.7 applies for the design of conlposite columns and composite compressio11 111embers 
with concrete encased sections, partially encased sections and concrete fi11ed rectangular and 
circular tubes, see Figure 6.17. 

(2)P This clause applies to colUlnns and compression lnembers with steel grades S235 to S460 and 
normal weight concrete of strength classes C20/25 to C50/60. 

I' b=b
c 'I 

m~1 Y~W::t..l!: 

(b)! ,---
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• I • 

(d) Z (e) Z Z 

Figure 6.17: Typical cross-sections of composite columns and notation 

(3) This clause applies to isolated columns and columns and conlposite c0111pression nlelnbers in 
framed structures where the other structural menlbers are either composite or steel ll1elllbers. 

(4) The steel contribution ratio 0 should fulfil the following condition: 

0.2::;; 8::;; 0.9 

whereois defined in 6.7.3.3(1). 

(6.27) 
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(5) Conlposite colmnns or compression melnbers of any cross-section should be checked for: 

resistance of the nlell1ber in accordance with 6.7.2 or 6.7.3; 

reslstance to local buckling in accordance with (8) and (9) below; 

introduction of loads in accordance with 6.7.4.2 and 

resistance to shear between steel and concrete eleluents in accordance with 6.7.4.3. 

(6) Two nlethods of design are given: 

a general method in 6.7.2 whose scope includes luembers with non-symmetrical or non
uniforn1 cross-sections over the colun1n length and 

a simplified lnethod in 6.7.3 for 11lembers of doubly symnletrical and uniform cross 
section over the Inelllber length. 

(7) For conlposite c01npression Inembers subjected to bending mOlllents and normal forces resulting 
froll1 independent actions, the partial factor }1:' for those internal forces that lead to an increase of 
resistance should be reduced by 20%. 

Table 6.3: Maximum values (dlt), (hit) and (bltf) withh, in N/mm2 

Cross-secti on 

Circular hollow 
steel sections 

Rectangular hollow 
steel sections 

Partially encased 
I-sections 

01 
DJ 

nlax (dlt), luax (hit) and nlax (bit) 

Inax (dlt) = 235 

max (hit) 52P35 
fl' 

~235 nlax (bltr ) = 44 -', 
/1' 

(8)P The influence of local buckling of the steel section on the resistance shall be considered in 
design. 

(9) The effects of local buckling n1ay be neglected for a steel section fully encased in accordance 
with 6.7.5.1 (2), and for other types of cross-section provided the maXilTIUm values of Table 6.3 are 
not exceeded. 
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(l)P Design for sttuctural stability shall take account of second-order effects including residual 
stresses, geometrical in1perfections, local instability, cracking of concrete, creep and shrinkage of 
concrete and yielding of structural steel and of reinforcelnent. The design shall ensure that 
instability does not occur for the n10st unfavourable con1bination of actions at the ultimate lin1it 
state and that the resistance of individual cross-sections subjected to bending, longitudinal force and 
shear is 110t exceeded. 

(2)P Second-order effects sha11 be considered in any direction in which failure n1ight occur, if they 
affect the structural stability significantly_ 

(3)P Inten1al forces shall be detenllined by elasto-plastic analysis. 

(4) Plane sections may be assulned to relllain plane. Full composite action up to failure may be 
assul11ed between the steel and concrete cOlllponents of the nlelnber. 

(S)P The tensile strength of concrete shall be neglected. The influence of tension stiffening of 
concrete between cracks on the flexural stiffness n1ay be taken into account. 

(6)P Shrinkage and creep effects shall be considered if they are likely to reduce the structural 
stability significantly. 

(7) For sin1plification, creep and shrinkage effects may be ignored if the increase in the first-order 
bending mon1ents due to creep deforn1ations and longitudinal force resulting frOln pem1anent loads 
is not greater than 10%. 

(8) The following stress-strain relationships should be used in the non-linear analysis: 

for concrete in compression as given in 1992-1 ]: 2004, 3.1.S; 

for reinforcing steel as given in 1992-1-1: 2004, 3.2.7; 

- for structural steel as given in EN 1993-1-1: 200S, S.4.3(4). 

(9) For sin1plification, instead of the effect of residual stresses and geometrical in1perfections, 
equivalent initial bow in1perfections (member imperfections) may be used in accordance with Table 
6.S. 

6.7.3 Simplified method of design 

6.7.3.1 General and scope 

(l) The scope of this sin1plified method is limited to melllbers of doubly sY111nletrical and uniforn1 
cross-section over the member length with rolled, cold-formed or welded steel sections. The 
simplified method is not applicable if the structural steel component consists of two or more 

unconnected sections. The relative slendelness X defined in 6.7.3.3 should fulfil the following 
condition: 

A ~ 2,0 (6.28) 
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(2) For a fully encased steel section, see Figure 6.17a, lilnits to the maximum thickness of concrete 
cover that nlay be used in calculation are: 

max Cz 0.3h n1ax OAb (6.29) 

(3) The longitudinal reinforcelnent that may be used in calculation should not exceed 6% of the 
concrete area. 

(4) The ratio of the cross-section's depth to width of the conlposite section should be within the 
limits 0.2 and 5.0. 

6.7.3.2 Resistance of cross-sections 

(1) The plastic resistance to cOlnpression NpLRd of a cOlnposite cross-section should be calculated by 
adding the plastic resistances of its cOlnponents: 

(6.30) 

Expression (6.30) applies for concrete encased and partially concrete encased steel sections. For 
concrete filled sections the coefficient 0.85 Inay be replaced by 1.0. 

(2) The resistance of a cross-section to cOlnbined compression and bending and the corresponding 
interaction curve nlay be calculated assulning rectangular stress blocks as shown in Figure 6.18, 
taking account of the design shear force VEd in accordance with (3). The tensile strength of the 
concrete should be neglected. 

N 

~----------~~---. M 
Mpl,Rd 

Mpl,N,Rd = ~d Mpl,Rd 

Figure 6.18: Interaction curve for combined compression und uniaxial bending 

(3) The influence of transverse shear forces on the resistance to bending and normal force should be 
considered when detellnining the interaction curve, if the shear force Va,Ed on the steel section 
exceeds 500/0 of the design shear resistance Vpl,a,Rd of the steel section, see 6.2.2.2. 

Where Va,Ed > 0,5 Vpl,a,Rd , the influence of the transverse shear on the resistance in combined 
bending and conlpression should be taken into account by a reduced design steel strength (1 - p) fYd 
in the shear area Av in accordance with 6.2.2A(2) and Figure 6.18. 
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The shear force Va,Ed should not exceed the resistance to shear of the steel section deternlined 
according to 6.2.2. The resistance to shear of the reinforced concrete part should be verified in 
accordance with EN 1992-1-1: 2004~ 6.2. 

(4) Unless a more accurate analysis is used, VEd Inay be distributed into acting on the structural 
steel and acting on the reinforced concrete section by: 

where: 

Mpl,a,Rd 

Mpl,Rd 

is the plastic resistance monlent of the steel section and 

is the plastic resistance nloment of the cOlnposite section. 

For simplification VEd nlay be assunled to act on the structural steel section alone. 

(6.31 ) 

(6.32) 

(5) As a silnplification, the interaction curve nlay be replaced by a polygonal diagra111 (the dashed 
line in Figure 6.19). Figure 6.19 shows as an exanlple the plastic stress distribution of a fully 
encased cross section for the points A to D. lVpm,Rd should be taken as 0.85 f~d Ac for concrete 
encased and partially concrete encased sections, see Figures 6.17a c, and as f~d for concrete 
filled sections, see Figures 6.17d - f. 

N 

Npl,Rd 

N pm, Rd T------·---·----·---·---~"""Q,. 

0,5 Npm,Rd 

M 
Mpl,Rd Mmax,Rd 

..
Npl,Rd 

Figure 6.19: Simplified interaction curve and corresponding stress distributions 

(6) For concrete filled tubes of circular cross-section, account may be taken of increase in strength 
of concrete caused by confinement provided that the relative slenderness defined in 6.7.3.3 does 
not exceed 0.5 and e/d < 0,1, where e is the eccentricity of loading given by ]vIEd / lVEd and d is the 
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external diatneter of the column. The plastic resistance to conlpression may then be calculated from 
the following expression: 

N = I A . + . +1 - -~ + f' A f' [I t Iv ~ A f 
pl.Rd 7a a. yd c ' cd 7c d j~k s, sd 

(6.33) 

where t is the wall thickness of the steel tube. 

For nlenlbers with e = 0 the values '7a = 'lao and '7e = 'leo are given by the following expressions: 

llao = 0.25 (3 + 2 A ) 
- .-2 

17eo = 4.9 - 18.5 A + 1 7 A 

(but::;; 1,0) 

(but ~ 0) 

(6.34) 

(6.35) 

For nlernbers in conlbined cOlnpression and bending with 0 < e/d::;; 0.1, the valueS11a and 11e should 
be deternlined from (6.36) and (6.37), where 11ao and 11eo are given by (6.34) and (6.35): 

'7a = '7ao + (I - 'lao) (10 e/ d) 

'7e = '7eo (l - 10 e/d) 

For e/d > 0.1, '7a = 1.0 and '7e = o. 

6.7.3.3 Effective flexural stiffness, steel contribution ratio and relative slenderness 

(1) The steel contribution ratio 5 is defined as: 

where Np1,Rd is the plastic resistance to compression defined in 6.7.3.2(1). 

(2) The relative slenderness A for the plane of bending being considered is given by: 

where: 

(6.36) 

(6.37) 

(6.38) 

(6.39) 

Npl,Rk is the characteristic value of the plastic resistance to compression given by (6.30) if, 
instead of the design strengths, the characteristic values are used; 

Ncr is the elastic critical normal force for the relevant buckling nlode, calculated with the 
effective flexural stiffness (El)cfT detennined in accordance with (3) and (4). 

(3) For the detennination of the relative slendellless A and the elastic critical force Ncr, the 
characteristic value of the effective flexural stiffness (El)cff of a cross section of a composite column 
should be calculated fron1: 

(E I)clf = Eala + Es Is + Kc Ecm Ie 

where: 

Kc is a cOlTection factor that should be taken as 0.6. 

62 

(6.40) 



BS EN 1994-2:2005 
EN 1994-2:2005 (E) 

la, Ie, and Is are the second moments of area of the structural section, the un-cracked 
concrete section and the reinforcenlent for the bending plane being considered. 

(4) Account should be taken to the influence of long-tenn effects on the effective elastic flexural 
stiffness. The modulus of elasticity of concrete Ecm should be reduced to the value In 
accordance with the following expression: 

Ec eff 

where: 

<.p t is the creep coefficient according to 5.4.2.2(2); 

is the total design nonnal force; 

IVO,Ed is the part of this normal force that is permanent. 

6.7.3.4 Methods of analysis and member imperfections 

(6.41 ) 

(1) For member verification, analysis should be based on second-order linear elastic analysis. 

(2) For the determination of the internal forces the design value of effective flexural stiffness 
(El)cffJl should be detennined fronl the following expression: 

(6.42) 

where: 

Ke,1I is a cOlTection factor which should be taken as 0.5; 

Ko is a calibration factor which should be taken as 0.9. 

Long-term effects should be taken into account in accordance with 6.7.3.3 (4). 

(3) Second-order effects need not to be considered where 1(3) applies and the elastic critical 
load is detenl1ined with the flexural stiffness (El)cft~II in accordance with (2). 

(4) The influence of geometrical and structural iInperfections may be taken into account by 
equivalent geometrical imperfections. Equivalent Inenlber imperfections for composite colulnns are 
given in Table 6.5, where L is the column length. 

(5) Within the column length, second-order effects may be allowed for by nlultiplying the greatest 
first-order design bending nloment U~d by a factor k given by: 

2 1.0 (6.43) 

where: 

Ner,cff is the critical nOllllal force for the relevant axis and corresponding to the effective 
flexural stiffness given in 6.7.3.4(2), with the effective length taken as the colU1nn 
length; 

f3 is an equivalent nloment factor given in Table 6.4. 
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Table 6.4 Factors fJ for the determination of moments to second order theory 

Monlent distribution Moment factors /3 Conlment 

First-order bending is the maxinlum 

~ / MEd moments from bending moment within 
y member the column length 

-- imperfection or ignoring second-order 

~ 
... lateral load: effects IMEd 
y 

/3= 1.0 

MEd (--~-------l r M
Ed 

End mOlnents: }Y1Ed and r MEd are the 
end mOlnents fro1l1 first-

/3 0.66 + 0.44r order or second-order 
global analysis 

-1 ~ r < 1 
but /320.44 

6.7.3.5 Resistance of members in axial compression 

(1) Menlbers may be verified using second order analysis according to 6.7.3.6 taking into account 
Inenlber imperfections. 

(2) For sinlplification for nlembers in axial compression, the design value of the nonna} force NEd 

should satisfy: 

---=-==--- ::; 1. 0 (6.44) 

where: 

Np1,Rd is the plastic resistance of the composite section according to 6.7.3.2(1), but with /yd 

detennined using the partial factor 1M] given by EN 1993-1-1: 2005, 6.1 (1); 

X is the reduction factor for the relevant buckling mode given in EN 1993-1-1: 2005, 
6.3.1.2 in terms of the relevant relative slenderness I. 

The relevant buckling curves for cross-sections of composite columns are given in Table 6.5, where 
Ps is the reinforcenlent ratio As / Ac. 
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Table 6.5: Buckling curves and member imperfections for composite columns 

Cross-section Lilnits Axis of Buckling Men1ber 
buckling curve imperfection 

concrete encased section 

y-g] y-y b LI200 

z-z c LI150 
~z 

partially concrete encased 
section y-y b LI200 

y-w 
z-z c LI150 

! z 

circular and rectangular 
hollow steel section Pss3% any a LI300 

'rl y. • 

~ • .;I any b LI200 

Tz 3%<Pss6% 

circular hollow steel 
sections y-y b LI200 

with additional I -section 

~ b LI200 y~- I ) z-z 

'=::./ 
~ 

partially concrete encased 
section with crossed 1-

sections 

y-ffi any b LI200 

!z 
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6.7.3.6 Resistance of members in combined compression and uniaxial bending 

(1) The following expression based on the interaction curve deternlined according to 6.7.3.2 
(2) - (5) should be satisfied: 

J'\1pl,N,Rd 
---.:~- ~ aM 
Jld Mpl,Rd 

(6.45) 

where: 

NIEd is the greatest of the end moments and the lTIaximum bending moment within the 
colunln length, calculated according to 6.7.3.4, including imperfections and second 
order effects if necessary; 

N~)I,N,Rd is the plastic bending resistance taking into account the normal force NEd, given by 
~d N~)l,Rd, see Figure 6.18; 

Mpl,Rd is the plastic bending resistance, given by point B in Figure 6.19. 

For steel grades between S235 and S355 inclusive, the coefficient aM should be taken as 0.9 and for 
steel grades S420 and S460 as 0.8. 

(2) The value Pd Pdy or Jidz , see Figure 6.20, refers to the design plastic resistance lTIomentMp1,Rd 
for the plane of bending being considered. Values Pd greater than 1.0 should only be used where the 
bending moment MEd depends directly on the action of the normal force NEd, for example where the 
moment lvfEd results fron1 an eccentricity of the nOlmal force JVEd. Otherwise an additional 
verification is necessary in accordance with clause 6.7.1 (7). 

1,0 

....... 1. __ fJ ......... dY_-I>-I.1 1 
, a 

My,Ed 

Mpl,y,Rd 

1,0 

1<IIf-1. __ fJd_Z __ ..... 11,O 

Figure 6.20: Design for conlpression and biaxial bending 

6.7.3.7 Combined compression and biaxial bending 

MZ,Ed 

M pl,z,Rd 

(1) For composite columns and compression members with biaxial bending the values Pdy and Pdz in 
Figure 6.20 ll1ay be calculated according to 6.7.3.6 separately for each axis. Imperfections should be 
considered only in the plane in which failure is expected to occur. If it is not evident which plane is 
the lTIOre critical, checks should be made for both planes. 
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(2) For combined conlpression and biaxial bending the following conditions should be satisfied for 
the stability check within the colunln length and for the check at the end: 

-----"-- S; a M.y 
I'dyL~1 pLy,Rd 

M z.Ed 
---- S; a yJ .z 
I'dz _MpJ,Z,Rd 

Mz,Ed ---"---- + ----- S; 1.0 
J.ldy M pl,y,Rd 

where: 

J.ld zM pl,z, Rd 

(6.46) 

(6.47) 

A1pl,y,Rd and Nfpl,z,Rd 

My,Ed and .A1z,Ed 

are the plastic bending resistances of the relevant plane of bending; 

I'dy and I'dz 

are the design bending moments including second-order effects and 
in1perfections according to 6.7.3.4; 

are defined in 6.7.3.6; 

aM,z are given in 6.7.3.6(1). 

6.7.4 Shear connection and load introduction 

6.7.4.1 General 

(1)P Provision shall be made in regions of load introduction for internal forces and mOl11ents 
applied from l11embers connected to the ends and for loads applied within the length to be 
distributed between the steel and concrete components, considering the shear resistance at the 
interface between steel and concrete. A clearly defined load path shall be provided that does not 
involve an amount of slip at this interface that would invalidate the assumptions made in design. 

(2)PWhere composite colun1ns and cOl11pression n1embers are subjected to significant transverse 
shear, as for example by local transverse loads and by end 1110111ents, provision shall be 111ade for the 
transfer of the conesponding longitudinal shear stress at the interface between steel and concrete. 

(3) For axially loaded columns and compression members, longitudinal shear outside the areas of 
load introduction need not be considered. 

6.7.4.2 Load introduction 

(1) Shear connectors should be provided in the load introduction area and in areas with change of 
cross section, if the design shear strength l"Rd, see 6.7.4.3, is exceeded at the interface between steel 
and concrete. The shear forces should be determined from the change of sectional forces of the steel 
or reinforced concrete section within the introduction length. If the loads are introduced into the 
concrete cross section only, the values resulting from an elastic analys is considering creep and 
shrinkage should be taken into account. Otherwise, the forces at the interface should be detelmined 
by elastic theory or plastic theory, to detelmine the more severe case. 

(2) In absence of a more accurate method, the introduction length should not exceed 2d or L13, 
where d is the n1inimulll transverse dinlension of the column and L is the colunln length. 
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(3) For cOlTIposite columns and cOlTIpression members no shear connection need be provided for 
load introduction by endplates if the full interface between the concrete section and endplate is 
pernlanently in conlpression, taking account of and shrinkage. Otherwise the load 
introduction should be verified according to (S). For concrete filled tubes of circular cross-section 
the effect caused by the confinenlent nlay be taken into account if the conditions given in 6.7.3 .2( 6) 

are satisfied using the values '7a and '7e for Ii equal to zero. 

I-l ~d/2 I-l ~d/2 I-l R. 12 

-[--lit[--[ -[11\1]- -[IA[]___ ~~! __ _ J~l_ _ J~_~_~ _ 
I----J I. .1 /. II 
~ 300 mm < 400 mm < 600 mm 

Figure 6.21: Additional frictional forces in composite columns by use of headed studs 

(4) Where stud connectors are attached to the web of a fully or partially concrete encased steel 
I-section or a similar section, account lTIay be taken of the frictional forces that develop from the 
prevention of lateral expansion of the concrete by the adjacent steel flanges. This resistance may be 
added to the calculated resistance of the shear connectors. The additional resistance nlay be 
assunled to be ~l PRcl/2 on each flange and each horizontal row of studs, as shown in Figure 6.21, 
where p is the relevant coefficient of friction that may be assUlTIed. For steel sections without 
painting, p nlay be taken as O.S P Rd is the resistance of a single stud in accordance with 6.6.3.1. In 
absence of better information fron1 tests, the clear distance between the flanges should not exceed 
the values given in Figure 6.21. 

(S) If the cross-section is partially loaded (as, for exanlple, Figure 6.22A), the loads lTIay be 
distributed with a ratio of 1 :2.S over the thickness tc of the end plate. concrete stresses should 
then be lilTIited in the area of the effective load introduction, for concrete filled hollow sections in 
accordance with (6) and for all other types of cross-sections in accordance with EN 1992-1-1: 2004, 
6.7. 

(6) If the concrete in a filled circular hollow section or a square hollo\v section is only partially 
loaded, for example by gusset plates through the profile or by stiffeners as shown in 6.22, 
the local design strength of concrete, CTe,Rd under the gusset plate or stiffener resulting from the 
sectional forces of the concrete section should be deternlined by: 

~ CTe,Rd f~d (1 + '7eL t t: rA· C :': AC!Cd :': fyd (6.48) 
a . ek I I 

where: 
t 
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Ac 
Al 

is the wall thickness of the steel tube; 
is the dimTIeter of the tube or the width of the square section; 
is the cross sectiona1 area of the concrete section of the colunln; 
is the loaded area under the gusset p1ate, see 6.22; 
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"lcL = 4.9 for circular steel tubes and 3.5 for square sections. 

The ratio A ciA I should not exceed the value 20. Welds between the gusset plate and the steel hollow 
sections should be designed according to EN1993-1-8: 2005 , Section 4. 

I ts V._ ~ +-

:l 
I till I 

t O'c:Rd 
I 

i 
i 

d-~ 

(a) 

-

/I rl-H----+--it--t--1 1/ 
V. .V 

fIIIf 0 c ,Rd 

He 

• .•.•.•. ·.1.· .•. ·.:.· .•. • ... •.• .•.•.•. •.•.• .•.•.•.•. ·:' -~; A .< ! 1 .... , 

(b) 

Figure 6.22: Partially loaded circular concrete filled hollow section 

(7) For concrete filled circular hollow sections, longitudinal reinforcelnent may be taken into 
account for the resistance of the colun1n, even where the reinforcen1ent is not welded to the end 
plates or in direct contact with the endplates provided that: 

verification for fatigue is not required; 

the gap eg between the reinforcen1ent and the end plate does not exceed 30 n11ll, see 
Figure 6.22A. 

(8) Transverse reinforcement should be in accordance with EN 1992-1-1; 2004, 9.5.3. In case of 
partially encased steel sections, concrete should be held in place by transverse reinforcement 
arranged in accordance with Figure 6.10 of EN 1994-1-1: 2004. 

r:JA :<lA 
1 1 
1 1 Key: 

H1 I) not directly connected 

1 I ...•. 

~A 
2 

! 

t --r i 
2) directly connected 

Figure 6.23: Directly and not directly connected concrete areas for the design 
of transverse reinforcement 
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(9) In the case of load introduction through only the steel section or the concrete section, for fully 
encased steel sections the transverse reinforcel11ent should be designed for the longitudinal shear 
that results from the transmission of normal force (iVet in Figure 6.23) fr0111 the parts of concrete 
directly connected by shear connectors into the parts of the concrete without direct shear connection 
(see Figure 6.23, section A-A; the hatched area outside the t1anges of Figure 6.23 should be 
considered as not directly connected). The design and anangenlent of transverse reinforcen1ent 
should be based on a truss n10del assun1ing an angle of 45° between concrete conlpression struts 
and the ll1el11ber axis. 

6.7.4.3 Longitudinal shear outside the areas of load introduction 

(1) Outside the area of load introduction, longitudinal shear at the interface between concrete and 
steel should be verified where it is caused by transverse loads and lor end m0111ents. Shear 
connectors should be provided, based on the distribution of the design value of longitudinal shear, 
where this exceeds the design shear strength lRd. 

(2) In absence of a n10re accurate n1ethod, elastic analysis, considering long term effects and 
cracking of concrete, may be used to detennine the longitudinal shear at the interface. 

(3) Provided that the surface of the steel section in contact with the concrete is unpainted and free 
fron1 oil, grease and loose scale or rust, the values given in Table 6.6 may be aSStll11ed for TRd. 

Table 6.6: Design shear strength t'Rd 

Type of cross section LRd (N/mnl) 

Con1pletely concrete encased steel sections 0.30 

Concrete filled circular hollow sections 0.55 

Concrete filled rectangular hollow sections 0.40 

Flanges of partially encased sections 0.20 

Webs of partially encased sections 0.00 

(4) The value of TRd given in Table 6.6 for completely concrete encased steel sections applies to 
sections with a minimum concrete cover of 40mm and transverse and longitudinal reinforcement in 
accordance with 6.7.5.2. For greater concrete cover and adequate reinforcement, higher values of 
lRd ll1ay be used. Unless verified by tests, for completely encased sections the increased value fie lRd 

may be used, with fie given by: 

( 

J3c = l + 0.02 Cz II s; 2.5 

where: 
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Cz is the non1inal value of concrete cover in 111m, see Figure 6.l7a; 
= 40 111m is the mini111u111 concrete cover. 

(6.49) 
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(5) Unless otherwise verified, for partially encased I-sections with transverse shear due to bending 
about the weak axis due to lateral loading or end nlonlents, shear connectors should always be 
provided. If the resistance to transverse shear is not be taken as only the resistance of the structural 
steel, then the required transverse reinforcelllent for the shear force Vc,Ed according to 6.7.3.2(4) 
should be welded to the web of the steel section or should pass through the web of the steel section. 

6.7.5 Detailing Provisions 

6.7.5.1 Concrete cover of steel profiles and reinforcement 

(l)P For fully encased steel sections at least a minimum cover of reinforced concrete shall be 
provided to ensure the safe transmission of bond forces, the protection of the steel against corrosion 
and spalling of concrete. 

(2) The concrete cover to a flange of a fully encased steel section should be not less than 40 mnl, 
nor less than one-sixth of the breadth b of the flange. 

(3) F or cover of reinforcenlent in bridges see Section 4. 

6.7.5.2 Longitudinal and transverse reinforcement 

(I) The longitudinal reinforceillent in concrete-encased columns which is allowed for in the 
resistance of the cross-section should be not less than 0,3% of the cross-section of the concrete. In 
concrete filled hollow sections normally no longitudinal reinforcement is necessary, if design for 
fire resistance is not required. 

(2) The transverse and longitudinal reinforcement in fully or partially concrete encased columns 
should be designed and detailed in accordance with EN 1992-1-1: 2004,9.5. 

(3) The clear distance between longitudinal reinforcing bars and the structural steel section nlay be 
smaller that required by (2), even zero. In this case, for bond the effective perinleter c of the 
reinforcing bar should be taken as half or one quarter of its perimeter, as shown in Figure 6.24 at (a) 
and (b) respectively. 

(4) For fully or partially encased members, where environnlental conditions are class XO according 
to EN 1992-1-1: 2004, Table 4.1, and longitudinal reinforcelllent is neglected in design, a minimum 
longitudinal reinforcement of diameter 8 mIn and 250 mm spacing and a transverse reinforcenlent 
of diameter 6 nlnl and 200 nlln spacing should be provided. Alternatively welded mesh 
reinforcement of dianleter 4 mm may be used. 

(a) 

(b) 

Figure 6.24: Effective perimeter c of a reinforcing bar 
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6.8 Fatigue 

6.8.1 General 

(l)P The resistance of C0111posite structures to fatigue shall be verified where the structures are 
subjected to repeated fluctuations of stresses. 

(2)P Design for the limit state of fatigue shall ensure, with an acceptable level of probability, that 
during its entire design life, the structure is unlikely to fail by fatigue or to require repair of damage 
caused by fatigue. 

(3) For headed stud shear connectors in bridges, under characteristic combination of actions the 
nlaximum longitudinal shear force per connector should not exceed ks PRd where PRd is determined 
according to 6.6.3.1. 

NOTE: The factor k, may be in the National Annex. The recommended value is ks=O,75. 

(4) For structural steel, no fatigue assessment is required where 9.1.1(2) of EN 1993-2 applies. 

(5) For concrete and reinforcement, no fatigue assessment is required when EN 1992-2, 6.8.4 (l07) 
or the exceptions listed in 6.8.1 (102) of EN 1992-2 apply. 

6.8.2 Partial factors for fatigue assessment of bridges 

(1) Partial factors YMr for fatigue strength are given in EN 1993-2, 9.3 for steel elenlents and in 
EN 1992-1-1; 2004, 2.4.2.4 for concrete and reinforcement. For headed studs in shear, a partial 
factor rIVlf,s should be applied. 

(2) Partial factors for fatigue loading YFf should be applied. 

NOTE: Partial factors (Fe are given in Notes in EN 1993-2,9.3 (\). 

6.8.3 Fatigue strength 

(1) The fatigue strength for structural steel and for welds should be taken from EN 1993-1-9: 2005, 
7. 

(2) The fatigue strength of reinforcing steel and pre-stressing steel should be taken from 
EN 1992-1-1: 2004. For concrete EN 1992-1-1: 2004, 6.8.5 applies. 

(3) The fatigue strength curve of an automatically welded headed stud in accordance with 6.6.3.1 is 
shown in Fig. 6.25 and given for nomlal weight concrete by: 

(6.50) 

where: 

L1 lk is the fatigue shear strength related to the cross-sectional area of the shank of the stud, 
using the 1101ninal dia111eter d of the shank; 

L1 Tc is the reference value at lVe = 2 x 106 cycles with L1Tc equal to 90 N/mm2
; 

In is the slope of the fatigue strength curve with the value rn = 8; 

NR is the number of stress-range cycles. 
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Figure 6.25: Fatigue strength curve for headed studs in solid slabs 

(4) For studs in lightweight concrete with a density class according to EN 1992-1-1: 2004, 11, the 
fatigue strength should be detemlined in accordance with (3) but with L1 TR replaced by 'JEL1 TR and 
L1Te replaced by '7ELiTe, where l]E is given in EN 1992-1-1: 2004,11.3.2. 

6.8.4 Internal forces and fatigue loadings 

(1) Intenlal forces and Inoments should be deternlined by elastic global analysis of the structure in 
accordance with 5.4.1 and 5.4.2 and for the combination of actions given in EN 1992-1-1: 2004, 
6.8.3. 

(2) The maximum and nliniInunl intenlal bending nloments and/or internal forces resulting fron1 the 
load conlbination according to (1) are defined as MEd,max,f and MEd,min,f. 

(3) Fatigue loading should be obtained fronl EN 1991-2: 2003. Where no fatigue loading is 
specified, Annex A.l of EN 1993-1-9: 2005 Inay be used. 

(4) For road bridges simplified nlethods according to EN 1992-2 and EN 1993-2, based on Fatigue 
Load Model 3 of EN 1991-2: 2003, 4.6 may be used for verifications of fatigue resistance. 

(5) For road bridges prestressed by tendons and/or imposed defonnations, the factored load model 
according to EN 1992-2, NN 2.1 should be used for the verification of reinforcen1ent and tendons. 

(6) For railway bridges the characteristic values for load model 71 according to EN 1991-2: 2003 
should be used. 

6.8.5 Stresses 

6.8.5.1 General 

(1) The calculation of stresses should be based on 7.2.1. 

(2)P the determination of stresses in cracked regions the effect of tension stiffening of concrete 
on the stresses in reinforcetnent shall be taken into account. 

(3) Unless verified by a more accurate Inethod, the effect of tension stiffening on the stresses in 
reinforcement may be taken into account according to 6.8.5.4. 
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(4) Un1ess a nl0re accurate nlethod is used, for the detelmination of stresses in structural steel the 
effect of tension stiffening may be neglected. 

(5) The effect of tension stiffening on the stresses in prestressing steel should be taken into account. 
Clause 6.8.5.6 may used. 

6.8.5.2 Concrete 

(1) For the deternlination of stresses in concrete elelnents EN 1992-1-1: 2004, 6.8 applies. 

6.8.5.3 Structural steel 

(1) Where the bending nlon1ents MEd,max,f and MEd,min,f cause tensile stresses in the concrete slab, the 
stresses in structural for these bending n10ments nlay be determined based on the second 
lTI01nent of area h according to 1.5.2.12. 

(2) Where iVJEd,min,f and A1i=::d,max,f or only MEd,min,f cause cOlnpression in the concrete slab, the stresses 
in structural steel for these bending mOlnents should be determined with the cross-section properties 
of the un-cracked section. 

6.8.5.4 Reinforcement 

(l) Where the bending nlonlent MEd,max,f causes tensile stresses in the concrete slab and \vhere no 
more accurate lnethod is used~ the effects of tension stiffening of concrete on the stress crs,max,f in 
reinforcement due to should be detennined from the equations (7.4) to (7.6) in 7.4.3 (3). In 
equation (7.5) in 7.4.3(3), a factor 0.2 should be used, in place of the factor 0.4. 

CiS 1 

O"slmax,f ------------------------------

2 Key: 
1) slab in tension 

2) fully cracked section 
Cis,min,f --

M 
MEd,min,f MEd,max,f 

Figure 6.26: Determination of the stresses (J's,max,f and (J's,min,fin cracked regions 

(2) Where also the bending 1110111entMEd,l11in,f causes tensile stress in the concrete slab the stress 
range ~cr is given by Figure 6.26 and the stress ~ crs,min,f @l] in reinforcelnent due to MEd,min,f 

can be detenllined fron1: 
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(3) WhereME<1min,f and or only MEd,min,f cause conlpression in the concrete slab, the 
stresses in reinforcement for these bending m0111ents should be deten11ined with the cross-section 
properties of the un-cracked section. 

6.8.5.5 Shear Connection 

(I)P The longitudinal shear per unit length shall be calculated by elastic analysis. 

(2) In members where cracking of concrete occurs the effects of tension stiffening should be taken 
into account by an appropriate model. For simplification, the longitudinal shear forces at the 
interface between structural steel and concrete nlay be determined by using the properties of the un
cracked section. 

6.8.5.6 Stresses in reinforcement and prestressing steel in members prestressed by bonded 
tendons 

(l)P For nlembers with bonded tendons the different bond behaviour of reinforcement and tendons 
shall be take into account for the determination of stresses in reinforcenlent and tendons 

(2) Stresses should be detennined according to 6.8.5.4 but with 
7.4.3 (4). 

detemlined according to 

6.8.6 Stress ranges 

6.8.601 Structural steel and reinforcement 

(1) The stress ranges should be deternlined fr01n the stresses detennined in accordance with 6.8.5 

(2) Where the verification for fatigue is based on dan1age equivalent stress ranges, in general a 
range should be detennined from: 

(6.52) 

where: 

G"max,f and 0i11in,f are the nlaxin1un1 and Ininimut11 stresses due to 6.8.4 and 6.8.5; 

)" is a dal11age equivalent factor; 

¢ is a daInage equivalent impact factor. 

(3) Where a member is subjected to cOlnbined global and local effects the separate effects should be 
considered. Unless a more precise method is used the equivalent constant anlplitude stress due to 
global effects and local effects should be cOl11bined using: 

LtG" E,glob + ¢locLtG" E,loc (6.53) 

in which subscripts "glob" and "loc" refer to global and local effects, respectively. 

(4) The datnage equivalent factor }" depends on the loading spectrum and the slope of the fatigue 
strength curve. 

(5) The factor A for structural steel elements is given in EN 1993-2, 9.5.2 for road bridges and in 
EN1993-2, 9.5.3 for railway bridges. 

NOTE: Factors ),_ = /.-5 for reinforcement and prestressing steel are 
and NN.3 (Informative) for railway bridges. 

in EN 1992-2, NN.2 (lnformative) for road bridges 
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(6) FOl' railway bridges the dan1age equivalent impact factor ¢ is defined in EN 1991-2: 2003, 6.4.5. 

(7) For road bridges the damage equivalent ilnpact factor may be taken as equal to 1.0. 

6.8.6.2 Shear connection 

(1) For verification of stud shear connectors based on non1inal stress ranges the equivalent constant 
range of shear stress L1 TE,2 for 2 mi Ilion cycles is given by: 

(6.54) 

where: 

/tv is the damage equivalent factor depending on the spectra and the slope m of the fatigue 
strength curve; 

L1 T is the range of shear stress due to fatigue loading, related to the cross-sectional area of 
the shank of the stud using the non1inal diameter d of the shank. 

(2) The equivalent constant amplitude shear stress range in welds of other types of shear connection 
should be calculated in accordance with EN 1993-1-9: 2005, 6. 

(3) For bridges the dmnage equivalent factor Av for headed studs in shear should be deternlined 
froin Av = Av,1 Av,2 l'vv,3 where the factors Av,J to AvA are defined in (4) and (5). 

(4) For road bridges of span up to 100 In the factor Av, 1=1 should be used. The factors to AvA 

should be determined in accordance with 9.5.2 (3) to (6) of EN 1993-2 but using exponents 8 and 
1/8 in place of those given, to allow for the relevant slope m = 8 of the fatigue strength curve for 
headed studs, given in 6.8.3. 

(5) For railway bridges the factor Av,1 should be taken il'on1 Figure 6.27. 

NOTE: The factors 'A,:2 to /'v,4 may be determined in accordance with EN 1992-2, NN3.1 (104) to (106), but using the 
exponent m 8 for headed studs instead of the exponent 

6.8.7 Fatigue assessment based on nominal stress ranges 

6.8.7.1 Structural steel, reinforcement and concrete 

(l) The fatigue assessment for reinforcen1ent should follow EN 1992-1-1: 2004, 6.8.5 or 6.8.6. 

(2) The verification for concrete in con1pression should follow EN 1992-2,6.8.7. 

(3) For bridges the fatigue assessment for structural steel should comply with Section 9 of 
EN 1993-2. 

(4) The fatigue assessment for prestressing steel should cOlnply with EN 1992-1-1: 2004,6.8.5. 
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Figure 6.27: Values Av,1 as a function of the span length for standard and heavy traffic for 

load model 71 according to EN 1991-2: 2003 

6.S. 7.2 Shear connection 

(1) For stud connectors welded to a steel flange that is always in conlpression under the relevant 
combination of actions (see 6.8.4 (1 )), the fatigue assessment should be n1ade by checking the 
criterion: 

YFf LlTE,2 ::; LlTc / YMf,s 

where: 

Ll 'E,2 is defined in 6.8.6.2(1); 

(6.55) 

Ll Tc is the reference value of fatigue strength at 2 n1illion cycles detennined in accordance 
with 6.8.3. 

The stress range Ll, in the stud should be deten11ined with the cross-sectional area of the shank of 
the stud using the nominal dialneter d of the shank. 

(2) Where the maximum stress in the steel flange to which stud connectors are welded is tensile 
under the relevant con1bination, the interaction at any cross-section between shear stress range Ll 'E 

in the weld of stud connectors and the nonnal stress range Llo-E in the steel flange should be verified 
using the following interaction expressions. 

YFf ~(JE,2 YFf ~TE,2 ----'---- + ::; 1.3 

YFf ~(JE,2 
-----'--- ::; 1. 0 

where: 

Y Ff ~tE,2 ---'----- ::; 1. 0 

Llo-E,2 is the stress range in the flange determined in accordance with 6.8.6.1; 

(6.56) 

(6.57) 

Llo-c is the reference value of fatigue strength given in EN 1993-1-9; 2005, 7, by applying 
category 80 

and the stress ranges LlZ-E,2 and Llz-c are defined in (1). 
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Expression (6.56) should be checked for the nlaxinlunl value of L1o't,2 and the corresponding value 
L1 as well as for the cOlnbination of the nlaxilnunl value of L1 and the corresponding value of 
L1at,2. Unless taking into account the effect of tension stiffening of concrete by more accurate 
nlethods, the interaction criterion should be verified with the conesponding stress ranges 
deternlined with both cracked and un-cracked cross-sectional properties. 

6.9 Tension members in composite bridges 

0) An isolated reinforced concrete tension melnber according to 5.4.2.8 (1) (a) should be designed 
in accordance with Sections 6 and 9 of EN 1992-2. For prestressing by tendons the effect of 
different bond behaviour of prestressing and reinforcing steel should be taken into account 
according to 6.8.2 of 1992-1-1: 2004. 

(2) For tension nlembers in half-through or through bridges and bowstring arch bridges where the 
tension nlelYlber is sinlultaneously acting as a deck and is subjected to combined global and local 
effects, the design shear resistance for local vertical shear and for punching shear due to penl1anent 
loads and traffic loads should be verified. Unless a nlore precise nlethod is used, the verification 
should be according to 6.2 and 6.4 oLEN 1992-1-1: 2004 and 6.2.2.5 (3) by taking into account the 
nortnal force of the reinforced concrete elelnent according to 5.4.2.8(3) and (6). 

(3) At the ends of a concrete part of a conlposite tension member, for the introduction of the nornla} 
force, a concentrated group of shear connectors designed according to 6.6 should be provided. The 
shear connection should be able to transfer the design value of the nornlal force of the concrete 
tension elelnent over a length 1.5 b, where b is the larger of the outstand of the concrete member 
and half the distance between adjacent steel elements. Where the shear connectors are verified for a 
normal force deternlined by 5.4.2.8(6), equation (5.6-3) should be used. 

(4)P Provision shall be lnade for internal forces and InOlnents froln members connected to the ends 
of a conlposite tension ll1enlber to be distributed between the structural steel and reinforced concrete 
elenlents. 

(5) For composite tension melnbers subject to tension and bending a shear connection should be 
provided according to 6.6. 

(6) For composite tension members such as diagonals in trusses, the introduction length for the 
nornlal force should not be assumed in calculation to exceed twice the minimum transverse 
dilnension of the ll1enlber. 

Section 7 Serviceability limit states 

7.1 General 

(l)P A structure with composite menlbers shall be designed and constructed such that all relevant 
serviceability lin1it states are satisfied according to the Principles of 3.4 of 1990: 2002. 

(2) The verification of serviceability litnit states should be based on the criteria given 111 

EN 1990: 2002, 3.4(3). 
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(3) The composite bridge or specific parts of it should be classified into environnlental classes 
according to EN 1992-2~ 4. 

(4) For bridges or parts of bridges, verifications for serviceability linlit states should be perfornled for 
both the construction phases and for the persistent situations. 

(5) Where relevant, requirenlents and criteria given in A2.4 of Annex A2 of 
be taken into account. 

1990: 2002 should 

(6) Serviceability 1inlit states for composite plates should be verified in accordance with Section 9. 

7.2 Stresses 
7.2.1 General 

(1)P Calculation of stresses for beams at the serviceability limit state shall take into account the 
following effects, where re1evant: 

shear lag; 

creep and shrinkage of concrete; 

cracking of concrete and tension stiffening of concrete; 

sequence of construction; 

increased flexibility resu1ting fronl significant incomplete interaction due to slip of shear 
connection; 

inelastic behaviour of steel and reinforcenlent, if any; 

torsional and distorsional warping, if any. 

(2) Shear lag nlay be taken into account according to 5.4.1.2. 

(3) Unless a more accurate ll1ethod is used, effects of creep and shrinkage nlay be taken into account 
by use of nlodular ratios according to 5.4.2.2. 

(4) In cracked sections the primary effects of shrinkage Inay be neglected when verifying stresses. 

(5)P In section analysis the tensile strength of concrete shall be neglected. 

(6) The influence of tension stiffening of concrete bet\veen cracks on stresses in reinforcement and 
pre-stressing steel should be taken into account. Unless 1110re accurate Inethods are used, the stresses 
in reinforcement should be determined according to 7.4.3. 

(7) The influences of tension stiffening on stresses in stIuctural steel nlay be neglected. 

(8) Stresses in the concrete slab and its reinforcement caused by simultaneous global and local actions 
should be added. 

7.2.2 Stress limitation for bridges 

(l)P Excessive creep and Inicrocracking shall be avoided by lilniting the compressive stress in 
concrete. 
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(2) Stress limitation for concrete to the value ki .lck should be in accordance with 
~ EN 1992-1-1: 2004 @l), 7.2 as nlodified by EN 1992-2. 

(3)P The stress in reinforcing steel and in prestressing tendons shall be such that inelastic strains in 
the steel are avoided. 

(4) Under the characteristic c0l11bination of actiol1s the stresses should be linlited to ki f~k in 
reinforcing steel and to kS/ pk in tendons, where the values ki and ks are given in EN 1992-1-1: 2004, 
7.2(5). 

(5) The stresses in structural steel should be in accordance with EN 1993-2,7.3. 

(6) For serviceability 1ilnit states the longitudinal shear force per connector should be limited 
according to 6.8.1 (3). 

7.2.3 Web breathing 

(I) The slenderness of unstiffened or stiffened web plates of composite girders should be linlited 
according to 7 A of EN 1993-2. 

7.3 Deformations in bridges 

7.3.1 Deflections 

(1) For the limit state of deformation EN 1990: 2002, A2A of Annex A2 and EN 1993-2, 7.5 to 7.8 
and 7.12 apply, where relevant. 

(2) Deflections should be calculated using elastic analysis in accordance with Section 5. 

(3) Defornlations during construction should be controlled such that the concrete is not inlpaired 
during its placing and setting by uncontrolled displacements and the required long-ternl geometry is 
achieved. 

7.3.2 Vibrations 

(1) For the limit state of vibration EN 1990: 2002, A2A of Almex A2, EN 1991-2: 2003, 5.7 and 604 
~ and EN 1993-2, 7.7 to 7.10 apply where relevant. @l) 

7.4 Cracking of concrete 

7.4.1 General 

(l) For the linlitation of crack width in bridges, the general considerations of EN 1992-1-1: 2004, 
7.3.1 as modified in EN1992-2 apply to composite structures. The limitation of crack width depends 
on the exposure classes according to EN 1992-2, 4. 
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(2) An estilnation of crack width can be obtained from 1992-1-1: 2004, 7.3.4, where the stress 
OS should be calculated by taking into account the effects of tension stiffening. Unless a more 
precise nlethod is used, 0:<; Inay be deterlnined according to 7.4.3(3). 

(3) As a simplified and conservative alternative, crack width linlitation to acceptable width can be 
achieved by ensuring a tninimUln reinforcetnent defined in 7.4.2, and bar spacing or dimTIeters not 
exceeding the lilnits defined in 7.4.3. 

(4) Application rules for the linlitation of crack widths to Wk are given in 7.4.2 and 7.4.3. 

NOTE: The values of H'k and the combination of actions may be found in the National Annex, The recommended values for 
relevant exposure classes are as given (as H'maJ in the Note to EN 1992-2, 7.3.1 (105) 

(5) Where conlposite action beCOlTIeS effective as concrete hardens, effects of heat of hydration of 
cement and corresponding thermal shrinkage should be taken into account only during the 
construction stage for the serviceability linlit state to define areas where tension is expected. 

(6) Unless specific measures are taken to litnit the effects of heat of hydration of cement, for 
simplification a constant temperature difference bet\veen the concrete section and the steel section 
(concrete cooler) should assumed for the detennination of the cracked regions according to 7.4.2 
(5) and for litnitation of crack width according to 7.4.2 and 7.4.3. For the detennination of stresses 
in concrete the short tern1 modulus should be used. 

NOTE: The National Annex may 
temperature difference is 20K. 

7.4.2 Minimum reinforcement 

specifie measures and a temperature difference. The recommended value for the 

(1) Unless a JTIore accurate method is used in accordance \vith EN 1992-1-1: 2004, 7.3.2(1), in all 
sections without pre-stressing by tendons and subjected to significant tension due to restraint of 
imposed defonnations (e.g. primary and secondary effects of shrinkage), in combination or not with 
effects of direct loading the required nlinimum reinforcement area As for the slabs of conlposite 
beams is given by: 

(7.1 ) 

where: 

ict,cff is the mean value of the tensile strength of the concrete effective at the tinle when cracks 
tnay first be expected to occur. Values of fc(,cIT may be taken as those for f~(I11' see 
EN 1992-1-1: 2004, Table 3.1, or as./lclnh see Table 11.3.1, as appropriate, taking as the class 
the strength at the titne cracking is expected to occur. When the of the concrete at 
cracking cannot be established with confidence as being less than 28 days, a nl1nimunl 
tensile strength of 3 Nltnm2 may be adopted; 

k is a coefficient which allows for the effect of non-uniform self-equilibrating stresses which 
may be taken as 0.8; 

ks is a coefficient which allows for the effect of the reduction of the nornlal force of 
concrete slab due to initial cracking and local slip of the shear connection, which may be 
taken as 0.9; 

kc is a coefficient which takes account of the stress distribution within the section immediately 
prior to cracking and is given by: 
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kc = + 0.3 ::; 1.0 
1+hc /(2 ) 

he is the thickness of the concrete flange, excluding any haunch or ribs; 

(7.2) 

Zo 1s the vertical distance between the centroids of the un-cracked concrete flange and the un
cracked cOlnposite section, calculated using the modular ratio no for short-tern1 loading; 

0:" is the maxin1um stress pennitted in the reinforcement imlnediately after cracking. This may 
be taken as its characteristic yield strength A lower value, depending on the bar size, may 
however be needed to satisfy the required crack width limits. This value is given in Table 7.1; 

Ae, is the area of the tensile zone (caused by direct loading and primary effects of shrinkage) 
in1lnediately prior to cracking of the cross section. For silnplicity the area of the concrete 
section within the effective width Inay be used. 

Table 7.1 : Maximum bar diameters for high bond bars 

Steel stress Maximum bar dian1eter ¢/ (nlm) for design crack width 

0:" Wk 

(N/111In2) lVk=O. 4 n1n1 wk=0.3mn1 wk=0.2mm 

160 40 32 25 

200 32 25 16 

240 20 16 12 

280 16 12 8 

320 12 10 6 

360 10 8 5 

400 8 6 4 

450 6 5 -

(2) The maximunl bar dianleter for the minimum reinforcenlent may be modified to a value ¢ given 
by: 

¢ = ¢*.!cLCIT l.!ct,O (7.3) 

where: 

¢* is the maxilnum bar given in Tab1e 7.1; 

!ct,O is a reference strength of 2.9 N/mm
2

. 

(3) At least half of the required n1ininlU111 reinforcement should be placed between nlid-depth of the 
slab and the face subjected to the greater tensile strain. 

(4) For the determination of the minin1um reinforcement in concrete flanges with variable depth 
transverse to the direction of the bemn the local depth should be used. 

(5) The lnininlunl reinforcenlent according to (1) and (2) should be placed where the stresses in 
concrete are tensile under the characteristic con1bination of actions. For members prestressed by 
bonded tendons EN 1992-1-1: 2004, 7.3.2 (4) applies. 
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(6) Where bonded tendons are used, the contribution of bonded tendons to mininlunl reinforcenlent 
ll1ay be taken into account in accordance with EN 1992-1-1: 2004, 7.3.2 (3). 

7.4.3 Control of cracking due to direct loading 

(1) Where at least the ll1inilTIUm reinforcen1ent given by is provided, the lin1itation of crack 
widths to acceptable values lTIay generally be achieved by limiting bar spacing or bar diatneters. 
Maximun1 bar dianleter and maxilnum bar spacing depend 011 the stress (}s in the reinforcelnent and 
the design crack width. Maxin1U1n bar dianleters are given in Table 7.1 and ll1axiiTIUn1 bar spacing 
in Table 7.2. 

Table 7.2 Maximum bar spacing for high bond bars 

Steel stress MaxilTIUll1 bar spacing (n1m) for design crack 
(}s width Wk 

(N/mm2) 11lk=0.4Innl lVk=0.3n1nl lv\(=0.2mm 

160 300 300 200 

200 300 250 150 

240 250 200 100 

280 200 150 50 

320 150 100 -

360 100 50 -

(2) The internal forces should be detennined by elastic analysis in accordance with Section 5 taking 
into account the effects of cracking of concrete. The stresses in the reinforcen1ent should be 
determined taking into account effects of tension stiffening of concrete between cracks. Unless a 
more precise method is used, the stresses may be calculated according to (3). 

(3) In composite bean1s where the concrete slab is assumed to be cracked and not pre-stressed by 
tendons, stresses in reinforcement increase due to the effects of tension stiffening of concrete 
between cracks cOlnpared with the stresses based on a composite section neglecting concrete. The 
tensile stress in reinforcement as due to direct loading may be calculated fronl: 

as,o + das (7.4) 

with: 

L1cr = 
0.4 fctm (7.5) s 
ast Ps 

AI 
(7.6) a st =--

Aa Ia 
where: 

crs,o is the stress in the reinforcement caused by the intelnal forces acting on the C0111posite 

section, calculated neglecting concrete in tension; 

!ctm is the Inean tensile strength of the concrete, for normal concrete taken as fctm fron1 
1992-1-1: 2004, Table 3.1 or for lightweight concrete as./tctm fron1 Table 11.3.1; 

ps is the reinforcement ratio, given by ps = (As I Act) ; 

is the effective area of the concrete flange within the tensile zone; for sinlplicity the area of 
the concrete section within the effective width should be used; 

is the total area of all layers of longitudinal reinforcenlent within the effective area Act; 
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A,l are area and second n10111ent of area, respectively, of the effective composite section 
neglecting concrete in tension and profiled sheeting, if any; 

fa are the conesponding properties of the structural steel section. 

(4) Where bonded tendons are used, design should follow EN 1992-1-1, 7.3, where 0:\' should be 
detern1ined taking into account tension stiffening effects. 

7.5 Filler beam decks 

7.5.1 General 

(1) The action effects for the serviceability lin1it states should be determined according to 
paragraphs (1) to (4) and (6) to (8) of5.4.2.9. 

7.5.2 Cracking of concrete 

(1) The application rules of 704.1 should be considered. 

(2) For the reinforcing bars in the direction of the steel beanls within the whole thickness of the 
deck, 7.5.3 and 7.504 should be applied. 

7.5.3 Minimum reinforcement 

(1) Unless verified by lllore accurate methods, the minimu111 longitudinal top reinforcement As.min 

per filler beanl should be detelmined as follows: 

where 

As.min;:::: 0.01 

Ac,clT is the effective area of concrete given by Ac,cff Sw Cst::; Sw detf 

deff is the effective thickness of the concrete given by detf C 7.5 (A 
fA is the diameter of the longitudinal reinforcenlent in [mm] within the range 

10nlm ::; ¢s ::; 16mlll 

(7.7) 

c, CSI is the concrete cover of the longitudinal reinforcement and the structural steel section 
(see Figure 6.8) 

Sw is defined in Figure 6.8 

The bar spacing s of the longitudinal reinforcelnent should fulfil the following condition 
100 mm s::; 150 lllill 

7.5.4 Control of cracking due to direct loading 

(1) Clause 7.4.3 (1) is applicable 

(2) The stresses in the reinforcenlent n1ay be calculated by using the cross-section properties of the 
cracked COlllposite section whh the second lTIOment of area h according to I 12. 
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(1) This Section 8 deals with reinforced or prestressed precast concrete slabs, used either as full 
depth flanges of bridge decks or as partial depth slabs acting with in-situ concrete. 

(2) Precast bridge slabs should be designed in accordance with EN 1992 and also for conlposite 
action with the steel beam. 

(3) Tolerances of the steel flange and the precast concrete elelnent should be considered in the 
design. 

8.2 Actions 

(1) EN 1991-1-6: 2005 is applicable to precast elements acting as pennanent fornlwork. The 
requirements are not necessarily sufficient and the requirements of the construction nlethod should 
also be taken into account. 

8.3 Design, analysis and detailing of the bridge slab 

(1) Where it is assUlned that the precast slab acts with in-situ concrete, they should be designed as 
continuous in both the longitudinal and the transverse directions. The joints between slabs should be 
designed to transmit in-plane forces as well as bending In01l1ents and shears. COlnpression 
perpendicular to the joint may be assunled to be transmitted by contact pressure if the joint is filled 
with mortar or glue or if it is shown by tests that the Inating surfaces are in sufficiently close 
contact. 

(2) For the use of stud connectors in groups, see 6.6.5.5(4). 

(3) A stepped distribution of longitudinal shear forces Inay be used provided that the linlitations in 
6.6.1.2(1) are observed. 

8.4 Interface between steel beam and concrete slab 

8.4.] Bedding and tolerances 

(1) Where precast slabs without bedding are used, any special requirenlents for the tolerances of the 
supporting steel work should be specified. 

8.4.2 Corrosion 

(1) A steel flange under precast slabs without bedding should have the same con-osion protection as 
the rest of the steelwork, except that any cosnletic coating applied after erection Inay be omitted. 

8.4.3 Shear connection and transverse reinforcement 

(1) The shear connection and transverse reinforcement should be designed in accordance with the 
relevant clauses of Section 6 and 7. 

(2) If shear connectors welded to the steel beanl project into recesses within slabs or joints between 
slabs, which are filled with concrete after erection, the detailing and the properties of the concrete 
(e.g. size of the aggregate) should be such that it can be cast properly. The clear distance between 
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the shear connectors and the precast e]enlent should be sufficient in all directions to allow for full 
conlpaction of the infill concrete taking account of tolerances. 

(3) If shear connectors are arranged in groups, reinforcement should be provided near each group to 
prevent prenlature local failure in either the precast or the insitu concrete. 

1"OTE: The National Annex may refer to relevant information 

Section 9 Composite plates in bridges 

9.1 General 

(1) This Section 9 is valid for conlposite plates consisting of a nominally flat plate of structural steel 
connected to a site cast concrete layer by headed studs for use as a flange in a bridge deck can),ing 
transverse loads as well as in-plane forces, or as a bottonl flange in a box girder. Double skin plates 
or other types of connectors are not covered. 

(2) The steel plate should be supported during casting either pel111anently or by temporal), supports 
in order to lilnit its deflection to less than 0,05 tinles the thickness of the concrete layer unless the 
additional weight of concrete due to the deflection of the plate is taken into account in the design of 
the steel plate. 

(3) The effective width should be detenl1ined according to 5.4.1.2, where bo should be taken as 2aw 

with Q w as defined in 9.4(4). 

(4) For global analysis, 5.1 and 5.4 apply. 

9.2 Design for local effects 

(1) Local effects are bending nl0ments and shears caused by transverse loads on the conlposite plate 
acting as a one- or two-way slab. For the purpose of analysis of local action effects the cOlnposite 
plate nlay be assunled to be elastic and uncracked. A top f1ange of an I-girder need not be designed 
as conlposite in the transverse direction. 

(2) The concrete and the steel plate lnay be assunled to act conlpositely without slip. 

(3) The resistance to bending and vertical shear force nlay be verified as for a reinforced concrete 
slab where the steel plate is considered as reinforcement. The design resistance for vertical shear in 
6.2.2.5(3) is applicable, where the distance, in longitudinal and transverse direction, between shear 
connectors does not exceed three tinles the thickness of the composite plate. 

9.3 Design for global effects 

(l)P The composite plate shall be designed to resist all forces fronl axial loads and global bending 
and torsion of a1l10ngitudinal girders or cross-girders of which it fOlms a part. 

(2) The design resistance to in-plane compression nlay be taken as the sunl of the design resistances 
of the concrete and the steel plate within the effective width. Reduction in strength due to second 
order effects should be considered according to 5.8 of EN 1992-1-1: 2004. 

(3) The design resistance for in-plane tension should be taken as the sum of the design resistances 
of the steel plate and the reinforcenlent within the effective width. 
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(4) Interaction with local load effects should be considered for the shear connectors as stated in 
9.4(1)P. Otherwise it need not be considered. Connectors designed for shear forces in both the 
longitudinal and transverse directions should be verified for the vector sun1 of the sin1ultaneous 
forces on the connector. 

9.4 Design of shear connectors 

(1)P Resistance to fatigue and requirel11ents for serviceability lin1it states shall be verified for the 
combined local and simultaneous global effect. 

(2) The design strength of stud connectors in 6.6.3 and 6.8.3 nlay be used provided that the concrete 
slab has bottom reinforcement with area not less than 0.002 til11es the concrete area in each of two 
perpendicular directions. 

(3) The detailing rules of 6.6.5 are applicable. 

(4) For wide girder flanges the distribution of longitudinal shear due to global effects for 
serviceability and fatigue lin1it states l11ay be detenl1ined as follows in order to account for slip and 
shear lag. The longitudinal force PEd on a connector at distance x frOl11 the nearest web lnay be 
taken as 

(9.1 ) 

where 

VL,Ed is the design longitudinal shear per unit length in the concrete slab due to global effects 
for the web considered, determined using effective widths for shear lag, 

ntot is the total number of connectors of the same size per unit length of girder as shown in 
Figure 9.1, provided that the number of connectors per unit area does not increase with 
x, 

nw is the number of connectors per unit length placed within a distance frOl11 the web equal 
to the larger of 10tf and 200 mn1, where tf is the thickness of the steel plate. For these 
connectors x should be taken as 0, 

b is equal to half the distance between adjacent webs or the distance between the web and 
the free edge of the flange. 

In case of a flange projecting distance aw outside the web according to Fig. 9.1, the nUl11ber of 
connectors ntot and nw nlay include connectors placed on this flange. Shear connectors should be 
concentrated in the region for nw according to Fig. 9.1. The spacing of the connectors should fulfill 
the conditions in (7) to avoid premature local buckling of the plate. 
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ntot 

__ -------A--------~ 

Figure 9.1: Definition of notations in equation (9.1) 

(5) A Inore accurate determination of the distribution of longitudinal shear forces in composite 
bottom flanges of box sections according to (4) is not required, if the anangement of the shear 
connectors is based on the following rules: 

Shear connectors should be concentrated in the corners of the box girder; 

At least 500/0 of the total atnount of shear connectors, which are responsible for the transfer 
of the longitudinal shear force from ~ a web to the bottom concrete flange @1] should be 
attached to the web and within the width br of the steel bottonl flange. The width bf of 
the steel bottOln flange should be taken as the largest of 

b1' = 20 tr, O.2bci and br 400 mm 

where bci is the effective width of the lower flange according to 5.4.1.2 and tf the thickness 
of the steel botton} jlange. 

(6) For ultimate 1inlit states it 111ay be assumed that all connectors within the effective width carry 
the same longitudinal force. 

(7) Where restraint fronl shear connectors is relied upon to prevent local buckling of the 
elenlent of a conlposite plate in compression, the centre-to-centre spacings of the connectors should 
not exceed the linlits in Table 9.1. 

Table 9.1: Upper limits to spacings of shear connectors in a composite plate in compression 

Class 2 Class 3 
Transverse to the direction of outstand flange: 14 tE 20 tE 

conlpressive stress 
interior flange: 45 IE 50 IE 

In the direction of compressive out stand and 
22 tE 25 tE 

stress interior flanges: 

E=~: y ,with in Nhnm 2 t thickness of the steel flange 
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Annex C 
(Informative) 

Headed studs that cause splitting forces in the direction of the slab thickness 

C.l Design resistance and detailing 

(1) The design shear resistance of a headed stud according to 6.6.3.1, that causes splitting forces in the 
direction of the slab thiclmess, see Figure C.1, should be determined for ultin1ate lin1it states other 
than fatigue from equation (C. 1 ), if this leads to a smaller value than that fr0111 equations (6.18) and 
(6.19): 

1.4 ky (fck d a;, )0,4 (a/s)0,3 
PRd, L = ----------'------'-------'--

"tv 
[kN] 

where: 
ar' is the effective edge distance; = a r - Cy - (Ps I 2 ;:::: 50 mm; 
kv = 1 for shear connection in an edge posi tion, 

= 1.14 for shear connection in a middle position; 
rv is a partial factor; 

NOTE: See the Note to 6.6.3.1 (1) for Yv 

.lck is the characteristic cylinder strength of the concrete at the age considered, 

inN/mm2. , 
d is the diameter of the shank of the stud with 19 ::::; d::::; 25 n1m; 
h is the overall height of the headed stud with hid;:::: 4; 
a is the horizontal spacing of studs with 110 .::::; a ::::; 440 ml11; 
s is the spacing of stinups with both a12::::; s .::::; a and sla/ ::::; 3; 
r/Js is the diameter of the stinups with r/Js ;:::: 8111m; 
¢I! is the dian1eter of the longitudinal reinforcen1ent with ¢e ;:::: 10 n1n1; 

Cv is the vertical concrete cover according to Fig. C.1 in [111111]. 
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Figure C.1 - Position and geometrical parameters of shear connections with 
horizontally arranged studs @il 

(C.1) 
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(2) A failure by pull-out of the stud at the edge of the slab should be prevented by fulfilling the 
following conditions: 

uncracked concrete: 
cracked concrete: 

with vas shown in Figure C.l. 

or v ~ max { 110 Inn1; 1.7 a/; 1.7 s / 2} 
or v ~ max{ 160 mm; 2.4 ar'; 2.4 s / 

(3) The splitting force in direction of the slab thickness should be resisted by stirrups, which should be 
designed for a tensile force according the following equation: 

(C.2) 

(4) The influence of vertical shear on the design resistance of a stud COIU1ector due to vertical support 
of the slab should be considered. The interaction may be verified by the following equation: 

Fd L (. JL2 l PR~,L + PRd,V 
s 1 (C.3) 

with 

[kN] (C.4) 

where ar,o' is the relevant effective edge distance with ar,o' ar,o - Cv ¢s / 2 ~ 50 n1m. Beside the 

design requirelnents given in C.1 (1) the following conditions should be satisfied: 

h ~ 100 tUn1; 110 S as 250 mm; ¢s s 12 n1n1; ¢e s 16 mm. 

C.2Fatigue strength 

(1) The fatigue strength curve of headed studs causing splitting forces in the direction of the slab 
thickness according to C.l (l) is given for normal-weight concrete by the lower of the values from 
6.8.3 and equation (C.5): 

(L1PR)l11,i\T (L1 Pc yn Nc (C.5) 

where: 

I1PR is the fatigue strength based on difference of longitudinal shear force per stud; 

I1Pc is the reference value of fatigue strength at Nc = 2 x 106 according to Table C.l; 

11'1 is the slope of the fatigue strength curve with m 8' , 
N is the number of force range cycles. 

In Table C.l a/ is the effective edge distance according Figure C.1 and clause C.l (1). 

Table C.I: Fatigue strength APe for horizontally arranged studs 

(2) For the ll1aximum longitudinal shear force per connector 6.8.1(3) applies. 
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