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Introduction

This draft standard is based on national and international discussions. Y our comments on this draft are invited and will assist in
the preparation of the consegquent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published

as a British Standard.

UK Vote

Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Pleaseindicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
- Annotated drafts are not acceptable and will beregjected.

- All comments should be submitted online at https.//standar dsdevelopment.bsigroup.com/. You will need to register in

order to comment.

Template for comments and secr etariat observations

Date; xx/xx/20xx

Document: 1SO/DIS xxxx

lan alternative cannot be supported
as serious problems have been
lencountered in its use in the UK.

1 2 ©) 4 5 (6) 7
MB | Clause No./ Subclause Paragraph/ Type of Commend (justification Proposed change by the MB Secretariat observations on
No./Annex (e.g. 3.1) Figure/Table/Note comment for change) by the MB each comment submitted
31 Definition 1 ed Definition is ambiguous and needs |Amend to read '...so that the mains
clarifying. connector to which no connection...’
6.4 Paragraph 2 te The use of the UV photometer as  [Delete reference to UV photometer.
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European foreword

This document (prEN 1994-1-1:2024) has been prepared by Technical Committee CEN/TC 250
“Structural Eurocodes”, the secretariat of which is held by BSI.

This document is currently submitted to CEN Enquiry.

This document will supersede EN 1994-1-1:2004.

The first generation of EN Eurocodes was published between 2002 and 2007. This document forms part
of the second generation of the Eurocodes, which have been prepared under Mandate M/515 is-sued to
CEN by the European Commission and the European Free Trade Association.

The Eurocodes have been drafted to be used in conjunction with relevant execution, material, product
and test standards, and to identify requirements for execution, materials, products and testing that are
relied upon by the Eurocodes.

The Eurocodes recognize the responsibility of each Member State and have safeguarded their right to
determine values related to regulatory safety matters at national level through the use of National
Annexes.
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0 Introduction

0.1 Introduction to the Eurocodes

The Structural Eurocodes comprise the following standards generally consisting of a number of Parts:

e EN 1990, Eurocode — Basis of structural and geotechnical design

EN 1991, Eurocode 1 — Actions on structures

e EN 1992, Eurocode 2 — Design of concrete structures

e EN 1993, Eurocode 3 — Design of steel structures

o EN 1994, Eurocode 4 — Design of composite steel and concrete structures

e EN 1995, Eurocode 5 — Design of timber structures

e EN 1996, Eurocode 6 — Design of masonry structures

e EN 1997, Eurocode 7 — Geotechnical design

e EN 1998, Eurocode 8 — Design of structures for earthquake resistance

e EN 1999, Eurocode 9 — Design of aluminium structures

e New parts are under development, e.g. Eurocode for design of structural glass

The Eurocodes are intended for use by designers, clients, manufacturers, constructors, relevant
authorities (in exercising their duties in accordance with National or International regulations),
educators, software developers, and committees drafting standards for related products, testing and
execution standards.

NOTE Some aspects of design are most appropriately specified by relevant authorities or, where not specified,
can be agreed on a project-specific basis between relevant parties such as designers and clients. The Eurocodes
identify such aspects, making explicit reference to relevant authorities and relevant parties.

0.2 Introduction to EN 1994 (all parts)

EN 1994 applies to the design of steel and concrete composite structures and those who undertake
building 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 given in EN 1990, Eurocode — Basis
of structural and geotechnical design.

EN 1994 is concerned only with requirements for resistance, serviceability, durability and fire resistance
of steel and concrete composite structures. Other requirements, e.g. concerning thermal or sound
insulation, are not considered.

EN 1994 is subdivided in various parts:

EN 1994-1-1, Eurocode 4 — Design of composite steel and concrete structures — Part 1 1: General rules
and rules for buildings;

EN 1994-1-2, Eurocode 4 —Design of composite steel and concrete structures — Part 1 2: Structural fire
design;
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EN 1994-2, Eurocode 4 — Design of composite steel and concrete structures — Part 2: Bridges.
0.3 Introduction to EN 1994-1-1

EN 1994-1-1 gives basic rules for the design of steel and concrete composite structures and
supplementary provisions specific for buildings.

0.4 Verbal forms used in the Eurocodes
The verb “shall” expresses a requirement strictly to be followed and from which no deviation is permitted

in order to comply with the Eurocodes.

The verb “should” expresses a highly recommended choice or course of action. Subject to national
regulation and/or any relevant contractual provisions, alternative approaches could be used/adopted
where technically justified.

The verb “may" expresses a course of action permissible within the limits of the Eurocodes.

The verb “can" expresses possibility and capability; it is used for statements of fact and clarification of
concepts.

0.5 National Annex for EN 1994-1-1

National choice is allowed in this document where explicitly stated within notes. National choice includes
the selection of values for Nationally Determined Parameters (NDPs).

The national standard implementing EN 1994-1-1 can have a National Annex containing all national
choices to be used for the design of buildings and civil engineering works relevant to each country.

When no national choice is given, the default choice given in this document is to be used.

When no national choice is made and no default is given in this document, the choice can be specified by
a relevant authority or, where not specified, agreed for a specific project by appropriate parties.

National choice is allowed in EN 1994-1-1 through notes to the following clauses:

4.4.12(2) 4.4.1.2(4) 4.4.1.2(5) 4.4.1.2(6)
5.1(3) 5.1(7) 5.4.2.1(5) 8.2.2.5(1)
8.6.8.1(1) 8.6.9.1(3) 8.8.2(9) 10.6(2)
10.7.5(7) B.2.2.3(3) D.4.1.3(5) H.2(2)
H.2(3) H.2(4)

National choice is allowed in EN 1994-1-1 on the application of the following informative annexes:
Annex A Annex C Annex E Annex G
Annex |

The National Annex can contain, directly or by reference, non-contradictory complementary information
for ease of implementation, provided it does not alter any provisions of the Eurocodes.
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1 Scope

1.1Scope of EN 1994-1-1
(1) EN 1994-1-1 gives basic rules for the design of steel and concrete composite structures and
supplementary provisions specific for buildings.

NOTE Specific rules for bridges are given in EN 1994-2.
1.2 Assumptions

(1) The assumptions of EN 1990 apply to EN 1994-1-1.

(2) In addition to the general assumptions of EN 1990, the assumptions given in EN 1992-1-1, EN 1992—
1-2, and EN 1993-1-1 apply to this document.

(3) EN 1994-1-1 is intended to be used in conjunction with EN 1990, EN 1991 (all parts), EN 1992-1-1,
EN 1993 (all parts), EN 1997 (all parts), EN 1998 (all parts when steel and concrete composite structures
are built in seismic regions), EN 1090-1, EN 1090-2, EN 1090-4, EN 13670 and ENs for construction
products relevant to steel and concrete composite structures.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

NOTE See the Bibliography for a list of other documents cited that are not normative references, including those
referenced as recommendations (i.e. in ‘should’ clauses), permissions (‘may’ clauses), possibilities (‘can’ clauses),
and in notes.

EN 1990:20231, Eurocode — Basis of structural and geotechnical design
EN 1991 (all parts), Eurocode 1 — Actions on structures
EN 1991-1-5, Eurocode 1 — Actions on structures — Part 1-5: Thermal Actions

EN 1992-1-1:2023, Eurocode 2 — Design of concrete structures — Part 1-1: General rules and rules for
buildings

EN 1993-1-1:2022, Eurocode 3 — Design of steel structures — Part 1-1: General rules and rules for buildings
FprEN 1993-1-8:2023, Eurocode 3 — Design of steel structures — Part 1-8: Joints

prEN 1993-1-14:2023, Eurocode 3 — Design of steel structures — Part 1-14: Design assisted by finite
element analysis

3 Terms, definitions and symbols
3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in EN 1990, EN 1992-1-1 and EN 1993-
1-1 and the following apply.

1 As impacted by EN 1990:2023/prA1:2024.
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3.1.1
composite member

structural member with components of concrete and of structural steel, interconnected by shear
connection so as to limit the longitudinal slip between concrete and steel and the separation of one
component from the other

3.1.2
shear connection

interconnection between the concrete and steel components of a composite member that has sufficient
strength and stiffness to enable the two components to be designed as parts of a single structural member

3.1.3
shear connector

connector used in composite members to enable the combined action of the concrete and steel
components

3.1.4
composite behaviour
behaviour which occurs after the shear connection has become effective due to hardening of concrete

3.1.5
composite beam

composite member subjected mainly to bending, composed of a structural steel section with one or two
concrete flanges or a partially-encased structural steel section with or without concrete flanges

3.1.6
composite column
composite member subjected mainly to compression or to compression and bending

3.1.7
composite slab

slab in which a profiled steel sheet is used initially as permanent formwork and subsequently combines
structurally with the hardened concrete to act as tensile reinforcement in the finished floor

3.1.8
colid slab
slab with a constant depth of concrete

3.1.9
concrete slab
either a composite slab or a solid slab

3.1.10
concrete flange
concrete slab in combined action with the steel component, acting as compression or tension flange
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3.1.11
locally stiff concrete slab

concrete flange of a composite beam at a web opening where the relative flexural stiffness of the concrete
flange relative to the steel element significantly modifies the distribution of shear forces between the
steel and concrete

3.1.12
composite frame

framed structure in which some or all of the elements are composite members and most of the remainder
are structural steel members

3.1.13
composite joint
joint between a composite member and another composite, steel or reinforced concrete member, in

which reinforcement bars in the concrete element are taken into account in the design for the resistance
and the stiffness of the joint

3.1.14
propped structure or member

structure or member where the weight of concrete elements is applied to steel elements which are subject
to temporary support in the span, or is carried independently through temporary supports until the
concrete elements are able to resist stresses

3.1.15
un-propped structure or member

structure or member in which the weight of concrete elements is applied to steel elements which are
unsupported in the span

3.1.16
un-cracked flexural stiffness

the stiffness E, I1 of a cross-section of a composite member where /1 is the second moment of area of the
transformed composite cross-section calculated assuming that any concrete in tension is un-cracked and
that the total cross-section remains plane

3.1.17
cracked flexural stiffness

stiffness E. I of a cross-section of a composite member where I, is the second moment of area of the
transformed composite cross section-section calculated neglecting any concrete in tension but including
reinforcement and assuming that the total cross-section remains plane

3.1.18
prestress

process of applying compressive stresses to the concrete part of a composite member, achieved by
tendons or by controlled imposed deformations

3.1.19
braced members or systems

structural members or subsystems, which in analysis and design are assumed not to contribute to the
overall horizontal stability of a structure
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3.1.20
elastic resistance
resistance of a cross-section based on linear elastic theory

3.1.21
plastic resistance
resistance of a cross-section, based on rectangular stress blocks

3.1.22
non-linear resistance

resistance at a cross-section level, which includes several types of non-linear cross-section analyses such
as the determination of the moment resistance considering plastic resistance or based on strain limitation
and the materials stress-strain curve

3.1.23
global analysis
describes the analysis of the structure or system as a whole,

e elastic global analysis is based on the assumption that the stress-strain behaviour of the materials is
linear, whatever the stress level, even if the resistance of a cross-section is based on its plastic or non-
linear resistance.

e rigid plastic analysis neglects the effects of elastic deflections and assumes that all structural
deformation takes place in discrete plastic hinge regions within the members or joints.

e non-linear plastic global analysis considers the spread of plasticity both through the cross-sections
and along the members in plastic zones. This term also applies to a plastic analysis considering the
impact of joints

Note 1 to entry: The purpose of global analysis is to determine deformations, internal forces and
moments in beams, columns and framed structures.
3.1.24

member imperfection
member imperfections include geometrical and structural imperfections

3.1.25
equivalent bow imperfection
equivalent bow imperfections specified in this standard take into account the effects of:

e geometrical imperfections as limited by geometrical tolerances in product standards or the execution
standard;

e structural imperfections due to fabrication and erection, e.g. residual stresses and variation of the
yield strength

3.1.26
full shear connection

span of a beam has full shear connection when an increase in the number of shear connectors would not
increase the design bending resistance of the member. Otherwise, the shear connection is partial
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3.1.27
partial shear connection
when the condition for full shear connection in accordance with 3.1.26 is not fulfilled

3.1.28
full interaction

when a composite element has full interaction, the slip in the composite connection between steel and
concrete may be neglected. Thus only one neutral axis exists for the composite cross-section and the
cross-section remains plane

3.1.29
double composite action
section where the steel member acts compositely with concrete flanges at both the top and bottom

3.1.30
transformed composite cross-section

composite cross-section with an effective (transformed) concrete area modified by the modular ratio n;,
in accordance with 7.4.2.2(2), Formula (7.4) taking into account the effects from the type of loading and
the time effects of creep and shrinkage for linear elastic analysis

3.1.31
composite hollow core slab
precast hollow core slab floor complemented by a cast in-situ topping

3.1.32
core

longitudinal void in precast hollow core slabs produced by specific industrial manufacturing techniques,
located with a regular pattern and the shape of which is such that the vertical loading applied on the slab
is transmitted to the webs

3.1.33
hollow core slab

prestressed or reinforced concrete element with a constant depth divided into an upper and a lower
flange, linked by vertical webs, so constituting cores as longitudinal voids, the cross-section of which is
constant and presents one vertical symmetric axis

3.1.34
hollow core slab floor
floor made of precast hollow core slabs after the grouting of the joints

3.1.35
open core
core with upper flange removed to receive transverse reinforcement bar and cast in-situ infill

3.1.36
precast floor plate

reinforced or prestressed concrete floor plate used as permanent formwork for cast-in-situ concrete, flat
or with ribs, with or without lattice girders, but without void formers
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3.1.37
precast product
precast concrete element manufactured in compliance with a specific EN standard

3.1.38
solid composite slab

slab comprising a precast concrete floor plate and bonded topping, which behave as a monolithic slab
after hardening of the topping through the bond between the precast element and topping with or
without connecting reinforcement

3.1.39

topping
in-situ concrete layer cast over the entire precast floor surface, so that it acts monolithically by bond
intended to increase its bearing capacity and so constituting a composite slab floor

3.1.40

European Technical Product Specification

— a European Product Standard (EN),

— or a European Technical Assessment (ETA) based on a European Assessment Document (EAD),

— or a product documentation based on a transparent and reproducible assessment that complies with
all requirements of the relevant EAD

3.2 Symbols
For the purposes of this document, the following symbols apply.

3.2.1 Latin upper case letters

A Cross sectional area of the effective composite section neglecting concrete in
tension

Aa Cross sectional area of the structural steel section

Ay Cross sectional area of the bottom transverse reinforcement

A Cross sectional area of the bottom transverse reinforcement in a haunch

Ac Cross sectional area of concrete

Aceft Effective cross sectional area of concrete considering the modular ratio

AcL Area of concrete considering time dependent effects

Act Cross sectional area of the tensile zone of the concrete

An Cross sectional area of the bottom flange of the steel section

Ase Effective cross-section area of the compression flange

Ase Cross sectional area of the top flange of the steel section

Ais Area of the effective equivalent steel section for shrinkage actions

Aipo Area of the effective equivalent steel section for non-permanent actions
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Aip

As
As
A
Ay
Ave
Ay
E,

Em
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Eq4

Es
(EDes
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F c,wc,c,Rd

Feq
FeEa
FienEd
Fika
Fskd
Ga

Gc

Gt

Gk

I

I
Iat
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Area of the effective equivalent steel section for permanent actions
Effective cross sectional area of profiled steel sheeting

Cross sectional area of reinforcement

Cross sectional area of transverse reinforcement

Cross sectional area of the top transverse reinforcement

Shear area of a structural steel section

Shear area of a column web panel

Loaded area under the gusset plate

Modulus of elasticity of structural steel

Design value of modulus of elasticity of concrete

Secant modulus of elasticity of concrete

Effective modulus of elasticity of concrete accounting for creep deformations
Load vector

Design value of modulus of elasticity of ordinary reinforcing steel
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

Design value of the resistance to transverse compression of the concrete
encasement to a column web

Design force, or Design concentrated load

Design longitudinal force per stud caused by composite action in the beam
Design tensile force per stud

Design transverse force per stud caused by composite action in the slab
Design longitudinal shear force per stud

Shear modulus of structural steel

Shear modulus of concrete

Fracture energy of concrete

Characteristic value of the sum of all permanent actions

Second moment of area of the effective composite section neglecting concrete
in tension

Second moment of area of the structural steel section

St. Venant torsion constant of the structural steel section

Documents

Document Sharing Hub

Full document details: 24/30457261DC


http://www.avadocuments.com/doc/24-30457261-dc
http://www.avadocuments.com/doc/24-30457261-dc

I
IeL
Ieross
It
fis

Lo

Lip

I et

Ilong

Is
L

I

Ke; Ke,ll
Ko

La-g

Lyc, Lbs
Le

L1; Ly; L3
Ly

Lv

Ly

M,

Ma,Ed

My ra
Mcr

prEN 1994-1-1:2024 (E)

Second moment of area of the uncracked concrete section

Second moment of area of the concrete slab considering the modular ratio
Second moment of area in cross-direction assuming an uncracked concrete
St. Venant torsion constant of the uncracked concrete encasement

Second moment of area of the effective equivalent steel section for shrinkage
actions

Second moment of area of the effective equivalent steel section for non-
permanent actions

Second moment of area of the effective equivalent steel section for permanent
actions

Effective second moment of area of the composite cross-section

Second moment of area of the slab in the longitudinal direction assuming an
uncracked concrete

Second moment of area of the reinforcement

Second moment of area of the effective equivalent steel section assuming that
the concrete in tension is uncracked

Second moment of area of the effective equivalent steel section neglecting
concrete in tension but including reinforcement

Correction factors to be used in the design of composite columns
Calibration factor to be used in the design of composite columns
Length

Distance between two cross-sections A and B

Bearing lengths

Equivalent span length

Span lengths

Distance from centre of a concentrated load to the nearest support
Length of shear connection

Distance from a cross section to the nearest support

Contribution of the structural steel section to the design plastic resistance
moment of the composite section

Design bending moment, applied to the structural steel section before
composite action is achieved

Design value of the buckling resistance moment of a composite beam

Elastic critical moment for lateral torsional buckling of a composite beam
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Mkq Design bending moment

Meqim Maximum first-order moment within the length of the column, including the
effect of imperfections and any lateral loading not included in the global analysls

MEdEm Maximum moment at the ends of the column from the global analysis including
second-order effects where required by 7.2

MEdmax Maximum design bending moment along the beam
Meira Design value of the elastic resistance moment of the composite section
Miri Characteristic plastic moment of resistance of the cross-section consisting of the

effective area of the flanges only
Mikq Part of the design bending moment on the composite section

Miprd Design value of bending moment from prestressing by imposed deformation on
the transformed composite cross-section

Mi k4 Design value of bending moment from actions on the time dependant
transformed composite cross-section

Mip kg Design value of bending moment from permanent actions on the transformed
composite cross-section

M prEa Design value of bending moment developing due to creep

Mi sh,d Design value of bending moment from shrinkage on the transformed composite
cross-section

MipoEa Design value of bending moment from non-permanent actions on the
transformed composite cross-section

Mpa Design value of the plastic resistance moment of the effective cross section of
the profiled steel sheeting

Mpia,rd Design value of the plastic resistance moment of the structural steel section

Mpird Design value of the plastic resistance moment of the composite section with full
shear connection

MpinRrd Design value of the plastic resistance moment of the composite section taking
into account the compressive normal force

Mpiyrd Design value of the plastic resistance moment about the y-y axis of the
composite section with full shear connection

Mpizrd Design value of the plastic resistance moment about the z-z axis of the
composite section with full shear connection

Mp: Reduced plastic resistance moment of the profiled steel sheeting
MR Design value of the resistance moment of a composite section or joint
Mra(77) Design value of the plastic resistance moment of a composite section

considering the degree of shear connection

My Characteristic value of the resistance moment of a composite section or joint
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My kq Design bending moment applied to the composite section about the y-y axis

M, k4 Design bending moment applied to the composite section about the z-z axis

N, Design value of the normal force in the structural steel section of a composite
beam

Naka Design axial force, respectively applied to the structural steel section before

composite action is achieved

N Design value of the compressive axial force in the concrete flange, taking
account of the degree of shear connection

Ned Axial force in concrete in the cross-section where the design bending moment
isthe maximum along the beam

Neel Compressive axial force in the concrete flange corresponding to Mejra

Ne¢ Design value of the compressive axial force in the concrete flange with full shear
connection

Ner Elastic critical axial force

Nerefr Elastic critical load of a composite column corresponding to an effective flexural
stiffness

N Design value of the compressive axial force in the concrete outside the steel

flanges of concrete encased composite column

NEq Design value of the compressive axial force
NgEd Design value of the part of the compressive axial force that is permanent
Niprd Design value of axial force from prestressing by imposed deformation on the

transformed composite cross-section

NiLed Design value of axial force from actions on the time dependant transformed
composite cross section

NipEd Design value of axial force from permanent actions on the transformed
composite cross-section

Nipred Design value of axial force developing in time due to creep

NishEd Design value of axial force from shrinkage on the transformed composite cross-
section

Niogd Design value of axial force from non-permanent actions on the transformed

composite cross-section

Np Design value of the plastic resistance of the profiled steel sheeting to axial force
Ny Axial force in profiled steel sheeting anchored at the slab support

Npla Design value of the plastic resistance of the steel section

Npird Design value of the plastic resistance of the composite section to compressive

axial force
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Npirk

Ns
Ns,l
P,

Pra
Pen
Ppb,rd
Prq
Prx

Pera

Pira

Prenra
Qx
Req
Rm
Rpim

Rpia

Rw,Rd

Siini
Va,Ed
Va,Rd

Vi,rd

Vb,erd
VC,CS
Vc,ct
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Characteristic value of the plastic resistance of the composite section to
compressive axial force

Design value of the plastic resistance of the steel reinforcement to axial force
Axial force in reinforcement anchored at the slab support

Maximum value of the resistance per shear connector resulting from a standard
push test

Design value of the shear force in a shear connector

Mean failure load per shear connector from a standard push test
Design value of the bearing resistance of a stud

Design value of the shear resistance of a single connector
Characteristic value of the shear resistance of a single connector

Design shear resistance of a single headed stud in the longitudinal direction of
the beam

Design shear resistance of a single headed stud in the transverse direction of the
beam

Design tension resistance of a headed stud
Characteristic value of the sum of all variable actions
Design value of a support reaction

Mean value of resistance

Resistance in combined bending and compression based on the full plastic
interaction

Resistance in combined bending and compression

Shear resistance of steel sheeting, in accordance with FprEN 1993-1-3:2023,
8.1.6

Rotational stiffness of a joint

Initial rotational stiffness of a joint

Design value of the shear force acting on the structural steel section
Design value of the shear resistance of the structural steel section

Design value of the shear buckling resistance of a steel web, shear resistance of
profiled steel sheeting, in accordance with FprEN 1993-1-3:2023, 8.1.5

Design value for vertical shear of the profiled steel sheeting, with a width
Shear capacity of the compression strut at the support of a composite slab

Shear capacity of concrete in a composite slab at crack propagation zone close
to the crack tip
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Vc,cz
VC,Ed

VC,Rd

Vc,ks

Vc,ks,l
Vc,ks,Z
VEd

Vg,Ed
ViEd
Vp,Rd

Vpl,a,Rd

Vpl,a,T,Rd

Vpp.Rd

th,Rd

VV,Rd

pr,c,Rd

prEN 1994-1-1:2024 (E)

Shear capacity of the uncracked compression zone in a composite slab

Design value of the shear force acting on the reinforced concrete web
encasement

Shear resistance of the concrete ribs in accordance with EN 1992-1-1:2023,
8.2.2 for a slab width of 1,0 meter.

Shear capacity of a composite slab inducing kinking of reinforcement and
spalling of concrete

Shear capacity of a composite slab inducing spalling of concrete
Shear capacity of a composite slab inducing kinking of reinforcement
Design value of the shear force acting on the composite section

Design value of permanent vertical shear forces Vg gq during construction stage

Longitudinal shear force
Design value of the resistance of a composite slab to punching shear

Design value of the plastic resistance of the structural steel section to vertical
shear

Design value of the reduced plastic shear resistance of the structural steel
section making allowance for the presence of a torsional moment

Shear resistance of a composite slab for a surface parallel to the direction of the
profiled steel sheeting

Shear resistance of a composite slab for a surface transverse to the direction of
the profiled steel sheeting

Design value of the resistance of a composite slab to vertical shear

Design value of the shear resistance of the concrete encasement to a column
web panel

3.2.2 Latin lower case letters

Uhs

arp

Spacing between parallel beams
Diameter of a circular hollow section or width of a rectangular hollow section

Distance of the stud axis to the reinforcement which avoids the splitting of
concrete (effective edge distance)

Distance from the centre of the stud to the end of the sheeting
Distance between concentrated forces pushing against each other
Width of the flange of a steel section

Width of the concrete encasement to a steel section;

Width of a concrete flange
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beff,c,wc
Dest
beto
et 1
best2
bei

bem
beV

bey

bi
bbot

boi

Ceff
Ac dev
Cmin,b
Cs

Cy, Cz

Cz,min
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Effective width of the column web in compression

Total effective width

Effective width at an end support

Effective width at mid-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 a composite slab

Effective width of a composite slab for shear forces

Horizontal distance between the web-to-flange junction and the corner of the
re-entrant stiffener

Geometric width of the concrete flange on each side of the web
Width of the bottom flange to the profiled steel sheeting

Width of a composite slab over which a load is distributed
Minimum width of concrete within the through of the steel sheeting
Dimension of concentrated point or line load

Width of the top flange to the profiled steel sheeting

Distance between centres of adjacent ribs of profiled steel sheeting
Slab width

Width of the top of the concrete rib

Mean width of a concrete rib for open-through profiles or minimum width for
re-entrant sheeting profiles;

Width of a concrete haunch

Distance between the centres of the outstand shear connectors;
Width of the outstand of a steel flange

Effective perimeter of reinforcing bar

Allowance in design for deviation of the concrete cover
Minimum concrete cover due to bond requirement

Stiffness of the shear connection

Thickness of concrete cover

Minimum concrete cover

Diameter of the shank of a stud connector

Overall diameter of circular hollow steel section
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dao Diameter of the weld collar to a stud connector

des Height of a top reintrant stiffener on the upper side of an open through profiled
sheeting

dp Distance between the centroidal axis of the profiled steel sheeting and the

extreme fibre of the composite slab in compression

dq Distance between centroidal axis of the sum of anchored tensile forces in
profiled steel sheeting and reinforcement to the extreme fibre of composite
slabs in compression

ds Distance between the steel reinforcement in tension to the extreme fibre of the
composite slab in compression

dsc Depth below the top of the slab to the reinforcement

ds, Reference distance from the centroid of the tension forces to the extreme fibre
of the concrete in compression of a composite slab

dw Clear depth of the web of the structural steel section

e Distance from the bottom fibre of the profile sheeting to its center of gravity

en Distance between the edge of a connector and the edge of the flange of the beam
edr Either 2enr or 2eyr

€d,min Additional eccentricity

eg Gap between the reinforcement and the end plate in a composite column

enF Lateral distance from the point of application of force Fgqto the relevant steel

web, if Fgq is applied to the concrete slab

ex Distance from the edge of the concrete rib on the higher moment side to the
centre-line of the nearest stud connector

ep Distance from the plastic neutral axis of profiled steel sheeting to the extreme
fibre of the composite slab in tension

en Eccentricity of loading
ev Nominal concrete cover from the side of the haunch to the connector
evr Vertical distance from the point of application of force Fgqto the relevant steel

web, if it is applied to the slab

fea Design value of concrete compressive strength

fex Characteristic compressive cylinder strength of concrete at age trer
fem Mean concrete cylinder compressive strength at age trer

fetm Mean value of the axial tensile strength of concrete

Seteft Mean value of the effective tensile strength of the concrete

fero Reference strength for concrete in tension
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fsa
fox
fom
fy
Jra
fox
fym
fipa
fu
fu fe
h

ha
ha
hc

ke
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Design value of the yield strength of reinforcing steel
Characteristic value of the yield strength of reinforcing steel
Mean value of the yield strength of reinforcing steel
Nominal value of the yield strength of structural steel
Design value of the yield strength of structural steel
Characteristic value of the yield strength of steel

Mean value of the yield strength of structural steel

Design value of the yield strength of profiled steel sheeting
Ultimate tensile strength of the material of the stud
Reduction factors for bending moments at supports

Overall depth; thickness

Depth of the structural steel section

Embedment depth of a stud connector above the profiled steel sheeting

Thickness of the concrete flange; Depth of the concrete encasement to a steel
section; Thickness of concrete above the top of the profiled sheeting: hc=hcs—hpg
or the thickness of the in-situ concrete above a semi-prefabricated concrete
element

Total height of concrete slab including profiled sheeting

Thickness of the finishes

Length of a shear surface

Overall depth of the profiled steel sheeting excluding longitudinal stiffener

Height of centroid of the lowest shear connection device above the lower chord,
for re-entrant profiles midway between upper and lower chord

Overall depth of the profiled steel sheeting including longitudinal stiffener if
available, otherwise hypg=h,

Depth between the centroids of the flanges of the structural steel section, for
symmetrical sections: hs=h,—t;

Overall nominal height of a stud connector in accordance with EN [SO 13918
Coefficient which allows for the effect of non-uniform self-equilibrating stresses

Coefficient which takes account of the stress distribution within the section
immediately prior to cracking

Reduction factor considering the effect of concrete relaxation and sustained
loading

Factor in accordance with EN 1992-1-1:2023, 5.1.6(1)
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kel Lowest factor applied to the part of design moment on composite section to
reach an elastic stress limit

kis Coefficient which allows for the effect of the reduction of the normal force of the
concrete slab due to initial cracking and local slip of the shear connection

ke Reduction factor for resistance of a headed stud used with profiled steel
sheeting parallel to the beam

ks Rotational stiffness
kesc Stiffness of a shear connector
ki Reduction factor for resistance of a headed stud used with profiled steel

sheeting transverse to the beam

Kic Coefficient considering the effect of high sustained loads on concrete
compressive strength, see EN 1992-1-1:2023, 5.1.6(1)

Kt max Maximum value of k;
kup Factor taking account if the beam is propped during construction or not
Kwe,e Factor for the effect of longitudinal compressive stress on transverse resistance

of a column web

k1 Flexural stiffness of the cracked concrete or composite slab
k2 Flexural stiffness of the web
ko Coefficient considering the distance between a stud and the end of the profiled

sheeting for the determination of design resistance for end anchoring

MEg Design transverse bending moment per unit of length

n Modular ratio

ng Number of connectors for full shear connection

n Modular ratio depending on the type of loading

nr Number of shear stud connectors in one rib

Nsc Number of shear connectors

no Modular ratio for short-term loading

Prd Design line load

qEd Design distributed load

r Ratio of end moments

St Longitudinal spacing of transverse reinforcement

Sx Longitudinal spacing center-to-center of the stud shear connectors
Sy Transverse spacing center-to-center of the stud shear connectors
t Age, wall thickness of a hollow section
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te
teff,c

te

Lref

tw

to

\%

VL,Ed
VL,Ed,max

VLRd

Wiim,cal

Ws

Wo

yy

Z-7
Zc

Zcl

Zs

Zy

Thickness of an end plate

Effective length of concrete

Thickness of a flange of the structural steel section
Thickness of the steel profiled sheeting

Reference time, see EN 1992-1-1:2023, 5.1.6(1)

Thickness of the web of the structural steel section

Age atloading

Anchoring length

Design longitudinal shear force per unit of length
Maximum design longitudinal shear force per unit of length

Longitudinal shear resistance per unit length at the interface between steel and
concrete in a composite member

Limit for the calculated crack width

Width of a top reintrant stiffener on the upper side of an open through profiled
sheeting

Geometrical imperfection

Cross section axis parallel to the flanges

Lever arm

Cross section axis perpendicular to the flanges

Depth of concrete in compression

Distance between center lines of concrete slab and steel section

Distance between the compression force in the concrete and the tension force
in the steel sheeting

Distance between the plastic neutral axis and the extreme fibre of the concrete
slab in compression

Distance between the compression force in the slab and the tension force in the
rib reinforcement

Vertical distance

3.2.3 Greek upper case letters

Aos

28

Increase of stress in steel reinforcement due to tension stiffening of concrete
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3.2.4 Greeklower case letters

a Ratio of characteristic resistance of a shear connector from push test to the
characteristic resistance used for design

Oer Minimum force amplifier to reach the elastic critical buckling load
oM Coefficient related to bending of a composite column

omy, av,  Coefficients related to bending of a composite column about the y-y axis and
the z-z axis respectively

Os Coefficient considering the slab system for determination of the flexural
stiffness of the slab for verification of lateral torsional buckling

st Ratio of the product of the area and second moment of area of the composite
cross-section to the product of area and second moment of area of the steel
section

Yij Reduction factor for plastic moment resistance

L Coefficient increasing the design shear strength for composite columns

La Reduction factor

yi Parameter for the effective width of concrete flange

)i Angle of spread for concentrated longitudinal force

P Equivalent moment factor

Ss Section parameter

% Partial factor for concrete

7% Partial factor for permanent actions

M Partial factor for a material property, also accounting for model uncertainties

and dimensional variations

Mo Partial factor for structural steel applied to resistance of cross sections, see EN
1993-1-1:2022, 8.1(1)

M1 Partial factor for structural steel applied to resistance of members to
instability assessed by member checks, see EN 1993-1-1:2022, 8.1(1)

7 Partial factor for prestressing action

7 Partial factor for variable actions

7% Partial factor for reinforcing steel

IRd Partial factor for taking into account model uncertainties in the resistance
model

W Partial factor for design shear resistance of a shear connector

Ws Partial factor for longitudinal shear in composite slabs for buildings
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(!l

O

6ek

&nax

5p,max
Osh
Ouk

&Esh

Ma, a0

M, 1co

Tcc,up
ML
yii
Tw,fc

Thw,fct

TImin

s
nv

o
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Overall partial factor

Slip between the concrete and steel due to the deformation of the shear
connection

Steel contribution ratio

Slip value of 2,0 mm for slip between the concrete for classification of shear
connector resistance

Characteristic value of the elastic slip of connectors when reaching the
characteristic resistance

Sagging vertical deflection

Deflection of steel sheeting under its own weight plus the weight of wet
concrete

Limiting value for &,
Deflection of composite slab due to shrinkage

Characteristic value of the slip capacity of connectors at Ultimate Limit State

Material parameter given by ,/235/ f, where is fyin N/mm?

Shrinkage strain of the concrete

Degree of shear connection

Factors related to the confinement of concrete
Factors related to the confinement of concrete

Factor to account for the difference between the undisturbed compressive
strength of a cylinder and the effective compressive strength that can be
developed in the structural component

Upper value of 7 factor

Factor related to the confinement of concrete

Stiffness modification factor

Coefficient related to fu in lightweight aggregate concrete

Influence factor of the increased brittleness of lightweight concrete axial
tensile strength of concrete fm

Minimum degree of shear connection in accordance with the Ductility
Category of shear connector

Utilisation factor of reinforcement
Coefficient for interaction of shear and bending

Minimum degree of shear connection in accordance with composite beam
geometry
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Hed
Mtk

Hdy , Hdz

Va

s

Pup

Ocom,c,Ed

Oct
OcRd
Os
Os,0

Ox

TEd

TRd
Tu,Rd

Tu,Rk

5
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Angle

Relative slenderness

Relative slenderness for lateral torsional buckling

Factor related to design for compression and uniaxial bending
Design friction value
Characteristic friction value

Factor 4 related to plane of bending

Reduction factor to allow for the effect of longitudinal compression on
resistance in shear

Poisson’s ratio for structural steel

Parameter related to reduced design bending resistance accounting for
vertical shear

Factor
Reinforcement ratio
Ratio between moments

Longitudinal compressive stress in the encasement due to the design normal
force

Tensile stress in the extreme fibre of concrete

Local design strength of concrete

Stress in the tension reinforcement

Stress in the tension reinforcement neglecting tension stiffening of concrete
Stress in the tension reinforcement in the x direction

Stress in the tension reinforcement in the y direction

Longitudinal shear stress, at the junction between one side of a flange in
accordance with EN 1992-1-1:2023, 8.2.5

Design shear strength

Design value of longitudinal shear strength of a composite slab
Characteristic value of longitudinal shear strength of a composite slab
Diameter (size) of a steel reinforcing bar

Maximum diameter of a steel reinforcing bar

Creep coefficient
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@ (¢ to)

QLT
74
WL

Creep coefficient, defining creep between times t and ¢, , related to elastic
deformation at 28 days

Reduction factor for flexural buckling
Reduction factor for lateral torsional buckling
Coefficient

Creep multiplier

3.3 Additional symbols used in Annex A

3.3.1 Latin upper case letters

Asy
K.
Kp
Mg

Cross-sectional area of the longitudinal reinforcement in row r
Stiffness of a group of connectors
Coefficient

Design bending moment applied to a connection j

3.3.2 Latin lower case letters

kc,wc,c

kslip
ks,r

Kwp,c
NLs

tWC

32

Distance between the longitudinal reinforcing bars in tension and the
centroid of the beam’s steel section

Straight height of the column web

Distance between the longitudinal reinforcing bars in tension and the centre
of compression

Stiffness coefficient for an unstiffened web and a contact plate

Additional stiffness coefficient for acolumn web encased in concrete
Stiffness coefficient

Reduction factor taking account of the deformation of the shear connection
Stiffness coefficient for a reinforcement row in tension

Stiffness coefficient for a steel column web given by FprEN 1993-1-8:2023,
A2.2(1)

Additional stiffness coefficient for a steel column web encased by concrete
Number of shear connectors distributed over the length L
Thickness of the column web

Factor
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3.3.3 Greeklower case letters

p Transformation parameter

& Parameter related to deformation of the shear connection

3.4Additional symbols used in Annex B

3.4.1 Latin upper case letters

Lo Length of overhang

Ls Shear span length

Mpam Plastic resistance moment of profiled steel sheeting based on measure values
Mprm Reduced plastic moment

N¢fm Compressive axial force in the concrete flange at moment My, g

Nem Compressive axial force in the concrete flange with partial shear connection
P Load

Pe Expected failure load

Vi Support reaction under the ultimate test load

W; Measured failure load

3.4.2 Latin lower case letters

Sfemy Actual mean value of the concrete cylinder compressive strength in the test
specimen

fut Actual ultimate tensile strength of the material of the stud in the test specimen

fop Nominal yield strength of profiled steel sheeting

Sfypmit Mean value of the measured yield strength of profiled steel sheeting

Se Experimental slip at a load of 0,7 Prk

Zplm Location of the neutral plastic axis

3.4.3 Greeklower case letters

S Maximum slip measured in a test at the characteristic load level

Ttest Degree of shear connection in the test

Um Mean value of the friction coefficient

T Value of longitudinal shear strength of a composite slab determined from
testing
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3.5Additional symbols used in Annexes D and E

3.5.1 Latin upper case letters

Aapr Cross-sectional area of bottom Tee

Aayr Cross-sectional area of top Tee

Avpr Shear area of bottom Tee

Ayt Shear area of top Tee

Firrd Resistance of transverse reinforcement to local loads

Iyt Second moment of area of bottom Tee

[ gross Second moment of area of the composite section with solid web

[ net Second moment of area of the composite section at the centre of the opening

It Second moment of area of the transformed composite top Tee

Makq Design bending moment in locally stiff slab at the low moment end of the
opening

Mard Bending resistance moment in locally stiff slab at the low moment end of the
opening

Mg k4 Design bending moment in locally stiff slab at the high moment end of the
opening

Mg rd Bending resistance moment in locally stiff slab at the high moment end of the
opening

M ra Bending resistance of the slab for the Vierendeel effect

Mein bt Moment required to cause yield in the bottom steel Tee at the low moment

end of the opening taking into account the axial force

Meiner Moment required to cause yield in the top steel Tee at the high moment end
of the opening taking into account any axial force

Mnyprra  Reduced bending resistance of bottom Tee due to axial force and using the
effective web yield strength or thickness for the effects of shear

Mnverra Reduced bending resistance of top Tee due to axial force and using the
effective web yield strength or thickness for the effects of shear

Mo rd Design value of bending moment at the centre-line of an opening
Mycra Local Vierendeel bending resistance due to composite action
MupEd Design value of in plane moment at mid-height of the web post
NyrEd Design value of tensile force in bottom Tee
Nyrrd Design value of tensile resistance of bottom Tee
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AN cs,Ed

Noc,Ed

Noc,Rd

Ngird

Nitrd
Nitrd

Nw,Ed

Pcomp,Ed

Ps,Ed

Pten,Ed

Vav,Ed
VbrEd
Vbr,rd
VC,Rd

Vired

Vit,rd

Voa,Ed
Voc,Ed
Voc,Rd
Vo,Ed
Vo,ser,Ed
Vslab
Virgd
Virrd
VVier,Rd

pr,Ed

prEN 1994-1-1:2024 (E)

Increase in design value of compression force developed by the shear
connectors placed between the centre-lines of adjacent openings

Design value of compression force in slab developed from the nearer support
to the centre of the opening

Design value of compression resistance of concrete slab at the centre of an
opening

Cumulated shear resistance of the connectors placed between the nearer
support and the center-line of the opening

Design value of compression force in top Tee
Design axial resistance of the top Tee
Compressive force in the web

Vertical compression force at the lower moment side of an opening with
locally stiff slab

Longitudinal shear force acting on a shear connector over the opening that is
used to develop the Vierendeel bending resistance due to composite action

Vertical tension force acting on the group of shear connectors at the higher
moment side of the opening

Average value of the shear forces at the centre of adjacent openings

Design value of the shear force acting on the bottom Tee

Plastic shear resistance of the bottom Tee

Shear resistance of the concrete slab

Design value of the shear force acting on a Tee, equal to either Vyrqor Virea

Design value of the plastic shear resistance of a Tee, equal to either Vyrq or
Verkd

Design value of the shear force acting on the steel profile at an opening
Design value of the shear force acting on the concrete slab at an opening
Design shear resistance of the concrete slab at the opening position

Design value of the shear force acting on the beam at the centre of the opening
Design value of shear force at the opening at the serviceability limit state
Maximum possible shear force in a stiff slab at the center of the opening
Design value of the shear force acting on the top Tee

Plastic shear resistance of the top Tee

Shear resistance to Vierendeel bending

Design value of horizontal shear force in web post
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3.5.2 Latin lower case letters

deff

Uega

Clqu

do
beftp
besty

bum,ett

de

ds,c,b

ds,c,ten

dy
€o

f;l,red

Npo

hyr
hts,lim

her

ka

Nt
rwi, I'w2
So

Wadd

36

Effective length of opening for buckling and deflection calculations
Equivalent length of opening for Vierendeel bending

Distance from the lower moment end of the opening to the point where the
local moment in the slab is equal to 0

Distance from the higher moment end of the opening to the point where the
local moment in the slab is equal to 0

Length of opening

Effective width of slab due to local bending

Effective width of slab due to local shear

Effective width of the slab determined at the high-moment end of the opening

Distance of the centroid of the compressed part of the slab from the upper
face of the steel profile

Distance of the bottom reinforcement to the top of the slab

Distance of the transverse reinforcement in the tension region to the upper
edge of the slab

Width of load introduction perpendicular to the beam axis
Eccentricity of centre line of opening above centre line of beam

Reduced yield strength of the structural steel which takes account of MV
interaction

Number of openings along the beam
Depth of bottom Tee

Limit of slab depth for stiff slab
Depth of top Tee

Depth of opening

Modification factor on composite resistance to Vierendeel bending for long
openings

Number of shear connectors in the group acting in tension
Factors

Centre to centre spacing of adjacent openings

Additional mid-span deflection due to the openings

Mid-span deflection of the equivalent solid web composite beam

Edge-to-edge spacing of openings
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Wy,add
Xo
ZbT

ZtT

prEN 1

Relative deflection due to Vierendeel bending
Position of centre of opening from nearer support
Distance of centroid of bottom Tee from the bottom of the steel section

Distance of centroid of top Tee from the top of the steel section

3.5.3 Greeklower case letters

Pmin
Pstlim
P

H

Minimum reinforcement ratio
Limit of reinforcement ratio for stiff slabs
Transverse reinforcement ratio

Diameter of the transverse reinforcement in the tension region of the slab

3.6 Additional symbols used in Annex F

3.6.1 Latin upper case letters

FLed
FyEd
N cyc

N cyc,f
Prra

Pyrd

Tkra

Design longitudinal shear force
Design vertical shear force
Reference number of cycles

Number of force range cycles
Design longitudinal shear resistance
Design vertical shear resistance

Design splitting force

3.6.2 Latin lower case letters

ar

aI‘,O

Urp,o
Cv

kv

Sv

Distance between the axis of the stud and the closest concrete surface

Distance between the axis of the stud and the slab surface where the con
cone failure would appear

Effective edge distance

Relevant effective edge distance for the concrete cone failure
Nominal concrete cover

Coefficient

Slope of the fatigue strength

Spacing of the stirrup

Transverse spacing between studs

994-1-1:2024 (E)

crete
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1% Distance of the stirrup to the lower face of the connector’s head
3.6.3 Greek upper case letters

AP Reference value of fatigue strength for the range of longitudinal shear forces
per stud at Neye = 2 x 106

APLr Fatigue strength based on the range of longitudinal shear forces per stud

APy, Reference value of fatigue strength for the range of vertical shear forces per
stud at Neye = 2 x 106

APyr Fatigue strength based on the range of vertical shear forces per stud
APg Fatigue strength based on the difference of shear force per stud
AP, Reference value of fatigue strength at 2 million cycles

3.6.4 Greeklower case letters

Jis Angle

IMEs Partial factor for fatigue strength of shear connectors
T partial factor for fatigue actions

e Correction factor

Diameter of the stirrups

7 Diameter of the longitudinal reinforcement

3.7 Additional symbols used in Annex G

3.7.1 Latin upper case letters

C Coefficient
Mpisc Plastic moment of the connector
W Modulus of flexion

3.7.2 Latin lower case letters

fetk,0,05 Characteristic value of tensile strength of concrete in accordance with EN
1992-1-1:2023, Table 5.1

ku Correction factor
ny Number of plastic yielding in the stud
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3.8Additional symbols used in Annex H

3.8.1 Latin upper case letters

Acn/A2y  Ratio taking into account the geometric effect of axial spacing and edge
distance on the characteristic resistance N.rk

Ncra Design resistance of the headed stud to concrete cone failure
Ncrk Characteristic resistance of the headed stud to concrete cone failure

Nc?Rk Characteristic resistance of a single headed stud placed in the slab and not
influenced by adjacent studs or edges

Npra Design resistance of the headed stud to concrete pull-out failure mode

Np rk Characteristic resistance of the headed stud to concrete pull-out failure mode
Nsra Design resistance of the steel stud to tension

NsRrk Characteristic resistance of the steel stud to tension

3.8.2 Latin lower case letters

by Distance

c Distance of the headed stud to the closest edge

CerN Characteristic edge distance

het Effective embedment depth of the stud

k1 Factor that takes into account the load transfer mechanism

ns Number of regularly spaced headed studs

SreN Characteristic spacing of studs to ensure the characteristic resistance of the

stud in case of concrete cone failure under tension load

tn Thickness of the head

3.8.3 Greeklower case letters

e Partial factor for the concrete cone failure mode

IMp Partial factor for the pull-out failure mode

s Partial factor for the tension resistance of steel of the stud

WecN Factor taking into account the group effect when different tension loads are

acting on the individual fasteners of a group in case of concrete cone failure
WMN Factor

wp Increasing factor for the characteristic resistance of the headed stud to
concrete pull-out failure mode
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WreN

Ws N

Shell spalling factor

Factor taking into account the disturbance of the distribution of stresses in the
concrete due to the proximity of an edge of the slab

3.9Additional symbols used in Annex I

Tm

Mybt,Ed

Mybt,Rd

Moment ratio

Design transverse bending moment per unit of length of the plate supporting
the slab

Design transverse resistant bending moment per unit of length of the plate
supporting the slab

3.10 Additional symbols used in Annex ]

3.10.1 Latin upper case letters

As

l)upper

}rprC
Lbc
Lg

Py ra

IDQRd

Tensile stress area of the bolt

Largest value of the upper sieve size D in an aggregate for the coarsest
fraction of aggregates in the concrete permitted by EN 206.

Preloading force in the bolt

Nominal bearing length

Infill lengths

Design value of shear resistance based on bolt failure

Design value of shear resistance based on concrete failure

3.10.2 Latin lower case letters

ap
ah

be

40

Breadth of the chamfer

Height of the chamfer

Width of the hollow core slab

Gap between the slabs

Diameter of the bolt used as connector

Ultimate tensile strength of the bolt

Depth of the slab where the transfer of compression is not possible
Thickness of the precast floor plate

Overall nominal height of the non-preloaded bolted shear connector above the
flange

Diameter of openings in hollow core slabs
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k Factor

3.10.3 Greek lower case letters

Qb, Ac Factors

i Coefficient

& Coefficient

¢ Diameter of the transverse rebars

4 Basis of design
4.1 General Rules
4.1.1 Requirements

(1) The design of composite structures shall be in accordance with the general rules given in EN 1990
and the specific provisions for steel-concrete composite structures given in this document.

(2) The basic requirements of EN 1990 are deemed to be satisfied for composite structures when the
following are applied together:

e limit state design in conjunction with the partial factor method in accordance with EN 1990;
e actions in accordance with EN 1991 (all parts);

e combination of actions in accordance with EN 1990; and

e resistances, durability and serviceability in accordance with this document.

4.1.2 Robustness

(1) The provisions on robustness given in EN 1990, EN 1993-1-1 and EN 1992-1-1 should be followed.

(2) The general arrangement of the structure and the interaction and connection of its various parts
should be such as to give appropriate robustness during construction and use.

4.1.3 Reliability
(1) The provisions on reliability given in EN 1990, EN 1993-1-1 and EN 1992-1-1 shall be followed.
4.2 Principles of limit states design

(1) The ultimate limit state and serviceability limit state shall be considered for all aspects of the
composite structure.
(2) All relevant design situations shall be considered, including relevant phases in the erection stage.

NOTE For the selection of design situations, see EN 1990.
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4.3 Basic variables

4.3.1 Actions and environmental influences

(1) The characteristic values of actions for the design of composite structures, including any regional,
climatic and accidental situations, shall be obtained from the relevant parts of EN 1991.

(2) The actions to be considered during the erection stage may be obtained from EN 1991-1-6.

(3) In verification for steel sheeting as formwork, the effects of ponding shall be considered.
4.3.2 Material and product properties

(1) Unless otherwise stated in EN 1994-1-1, actions caused by time dependent behaviour of concrete
should be obtained from EN 1992-1-1.

4.3.3 Classification of actions

(1) The effects that occur in statically determinate structures, and in statically indeterminate structures
when compatibility of the deformations is not considered, shall be classified as primary effects.

NOTE The effects of shrinkage and creep of concrete and non-uniform changes of temperature result in internal
forces in cross-sections, curvatures and longitudinal strains in members.

(2) In statically indeterminate structures, the primary effects of shrinkage, creep and temperature are
associated with additional action effects, such that the total effects are compatible. These additional
effects shall be classified as secondary effects and shall be considered as indirect actions.

4.4 Verification by the partial factor method
4.4.1 Design values
4.4.1.1 Design values of actions

(1) For the design of composite structures, combination of actions and partial factors of actions shall be
derived from EN 1990:2023, Annex A.

(2) For pre-stress by controlled imposed deformations, e.g. by jacking at supports, the partial factor yp
should be specified for ultimate limit states, taking into account favourable and unfavourable effects.

NOTE The value for j for favourable effects is 1,0 and for unfavourable effects is 1,1 unless a different value is
given in the National Annex.

4.4.1.2 Design values of material or product properties

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

(2) For concrete, the design compressive strength f4 shall be obtained by reference to EN 1992-1-1:2023,
5.1.3 and 5.1.6(1) for normal weight concrete and to EN 1992-1-1:2023, Annex M, Tables M.1 and M.2 for
lightweight concrete.

NOTE 1 For confined concrete, see EN 1992-1-1:2023, 8.1.4.

NOTE 2 More details for compressive strength f.4 are given in 5.1.

NOTE 3 The value for ycis that used in EN 1992-1-1.
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(3) For steel reinforcement, the design yield strength fiq corresponds to the value fyq as given in EN 1992-
1-1:2023, 5.2.4(1). More details for steel reinforcement are given in 5.2.

NOTE The value for ys is that used in EN 1992-1-1.

(4) For structural steel, connecting devices in accordance with EN 1993-1-8 and profiled steel sheeting,
partial factors ym shall be applied. Unless otherwise stated, the partial factor for structural steel shall be
taken as ywmo.

NOTE 1 Values for ym are those given in EN 1993-1-1 for structural steel
NOTE 2 Values for ym are those given in EN 1993-1-8 for connecting devices

NOTE 3 Values for ym are those given in EN 1993-1-3 for profiled steel sheeting. The recommended value for
profiled steel sheeting in tension is 1,0 unless the National Annex specifies different values.

(5) For shear connection, a partial factor yy shall be applied.

NOTE The value for yvis 1,25 unless the National Annex gives a different value.

(6) For longitudinal shear in composite slabs for buildings, a partial factor yys shall be applied.

NOTE The value for yvs is 1,25 unless the National Annex gives a different value.
4.4.1.3 Design values of geometrical data

(1) Geometrical data for cross-sections and systems may be taken from the relevant EN and EN-ISO
product standards, EADs or ETAs or drawings for the execution and treated as nominal values. Reference
is given to EN 1993-1-1:2022, 4.2.2 and EN 1992-1-1:2023, 4.2.2.

4.4.2 Design resistances

(1) For composite structures, design resistances shall be determined in accordance with EN 1990:2023,
Formula (8.20), Formula (8.21) or Formula (8.23).

4.4.3 Combination of actions
(1) The combination of actions given in EN 1990:2023, Clause 8 and Annex A shall be used.
4.4.4 Verification of static equilibrium

(1) The reliability format for the verification of static equilibrium for buildings, as described in
EN 1990:2023, Table A1.8, shall be applied to design situations equivalent to the static equilibrium limit
state, e.g. for the design of holding down anchors or the verification of uplift of bearings of continuous
beams.

5 Materials
5.1 Concrete

(1) Unless otherwise given in EN 1994-1-1, properties should be obtained by reference to EN 1992-1-
1:2023, 5.1.3 and 5.1.6 for normal weight concrete and to EN 1992-1-1:2023, Annex M for lightweight
concrete.

(2) Except where (3) applies, the design compressive strength of the concrete f.q should be taken from
EN 1992-1-1:2023, 5.1.6 or Annex M.
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(3) The design compressive strength of the concrete f.q should be taken from EN 1992-1-1:2023, 5.1.6

formula (5.3), where the value of n¢ in accordance with EN 1992-1-1:2023, formula (5.4) or formula
(M.4) should not exceed the value of 0,85 for

e the bending resistance determined using plastic methods in accordance with 8.2.1.2, 8.2.1.3 or
8.3.2 (2); or

e the bending resistance determined using non-linear methods in accordance with 8.2.1.5 where
the complete thickness of the concrete flange is subject to compression; or

o the resistance of the cross section of a column, determined using plastic methods in accordance
with 8.8.3.2.

Notwithstanding the above, where the resistance of the cross section of a concrete filled section is
determined using plastic methods in accordance with 8.8.3.2, the limit of 0,85 on the value of .. may be
increased to 1,0.

NOTE The proposed value for ki in accordance with EN 1992-1-1 is 1,0 for the concrete compression strength at
28-days, unless other values are given by the National Annex to this standard. For concrete compression strength
based on trer > 28 days reference is given to EN 1992-1-1:2023, 5.1.6(1).

(4) 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 C70/85 and LC60/66.

(5) Shrinkage of concrete should be determined taking account of the ambient humidity, the dimensions
of the element and the composition of the concrete.

(6) Where composite action is taken into account in buildings, the effects of autogenous shrinkage may
be neglected in the determination of stresses and deflections.

(7) For buildings, the values of shrinkage strain should be as given in EN 1992-1-1 or in Annex C.

NOTE The choice of values can be given in the National Annex.

(8) The secant modulus of elasticity of the concrete E., for short-term loading should be obtained by
reference to EN 1992-1-1:2023, 5.1.4 for normal weight concrete and EN 1992-1-1:2023, Annex M for
lightweight aggregate concrete.

(9) The application of fibre reinforced concrete in accordance with EN 1992-1-1:2023, Annex L requires
advanced design methods based on the stress-strain curve of the fibre reinforced concrete and
justification of the shear connector resistance by experimental tests in accordance with Annex B.

5.2 Reinforcing steel

(1) Properties should be obtained by reference to EN 1992-1-1:2023,5.2, see also 4.4.1.2(3). All
reinforcing steel used in composite structures where plastic resistance is taken into account, should meet
the requirements of ductility Class B or Class C in accordance with EN 1992-1-1:2023, Table 5.5.

(2) For composite structures, the design value of the modulus of elasticity E; may be taken as equal to the
value for structural steel given in EN 1993-1-1:2022, 5.2.5.

(3) The rules for in this part of EN 1994 does not apply for reinforcement grades higher than B500 for
the following cases:

e plastic global analysis of continuous composite beams;
e plastic resistance of partially-encased composite beams sections;

e plastic resistance of composite slabs; and
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e plastic resistance of composite columns in accordance with 8.8.3.
5.3 Structural steel

(1) Properties should be obtained by reference to EN 1993-1-1:2022, 5.1 and 5.2, see also 4.4.1.2(4).

(2) The rules for application of plastic resistance in this Part of EN 1994 apply to structural steel of
nominal yield strength not more than 460 N/mm?.

5.4 Connecting devices

5.4.1 Fasteners

(1) Reference should be made to EN 1993-1-8 for requirements for fasteners (bolts, rivets or pins) and
welding consumables.

5.4.2 Shear connectors

5.4.2.1 Ductility

(1) Shear connectors that are used in design according to this Eurocode should be classified according to
the requirements given in Table 5.1. The associated load-slip relation P-¢ for the Ductility Categories,
together with the definition of d and duk are given in Figure 5.1. The properties du, Ok, Prx and Per are to
be evaluated in accordance with Annex B.

Table 5.1 — Ductility Categories for shear connectors

Ductility Characteristic Characteristic slip Definition
Category | elastic slip when capacity in ULS
characteristic
resistance is
reached
Oek Sukc

Brittle or flexible shear connector with linear
or multilinear load slip curve, not fulfilling
D1 } - the requirements of the Ductility Categories
D2 or D3 [see Figure 5.1(a) and(b)]

D2 6,0 mm < duk < 10 mm | Ductile shear connector in accordance with
(2), (3) or (5) with sufficient deformation
capacity in accordance with (4) to justify the
assumption of ideal-plastic behaviour of the
shear connection in the structure, where the
characteristic resistance Prk intersects dekand
duk in the load-slip curve [see Figure 5.1(c),

(d)]

Oex <2,5 mm

D3 Ouk =10 mm
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c) d)
Key
a) D1 Ductility Category D1 (brittle behaviour)
b) D1 Ductility Category D1 (flexible behaviour with multilinear curve)

c) D2 or D3 Ductility Category D2 and D3 (ductile behavior)
d) D2 or D3 Ductility Category D2 and D3 where the design longitudinal shear stress is to be modified
by the ratio o according to Clause (5)

Figure 5.1 — P-0 relation for Ductility Categories
(2) Headed studs in solid slabs may be deemed to be Ductility Category D2 when the rules for headed

studs and shear connection in 8.6.8.1 apply and the concrete strength Class does not exceed C60/75.

NOTE For other types of shear connectors, the classification into the Ductility Category in accordance with Table
5.1 can be verified by push tests in accordance with Annex B or taken from an European Technical Specification
(TS) or a transparent and reproducible assessment that complies with all the requirements of an European
Assessment Document (EAD).

(3) Headed studs in profiled steel sheeting may be deemed to be at least Ductility Category D2 when the
design resistance for shear is calculated in accordance with 8.6.9.1(1) or 8.6.9.2(1).

NOTE For Ductility Category D3 shear connectors, the classification can be provided by Push-Tests in accordance
with Annex B or taken from an European Technical Specification (TS) or a transparent and reproducible assessment
that complies with all the requirements of an European Assessment Document (EAD).
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(4) The assumption of ideal plastic behavior is to be verified to classify shear connectors in Category D2
or D3. This may be deemed to be fulfilled when the assumption of a horizontal plateau of the load-slip
curve between ik and du can be proved.

NOTE A horizontal plateau of the load-slip curve between dek and duk can be assumed if the ratio of Pem / Prc does
not exceed a value of 1,3.

(5) Shear connectors fulfilling the requirements of d« for Category D2 or D3, exceeding the minimum
ultimate slip capacity duk given in Table 5.1 but not fulfilling the assumption of a horizontal plateau of the
load-slip curve between &« and . in accordance with (4) may be considered as Category D2 and D3
respectively, provided that design longitudinal shear stress on a shear failure for any potential surface of
longitudinal shear failure in accordance with 8.6.11.2 is increased by the ratio of Prk/ (-Prx), [see Figure
5.1(d)]. Otherwise those connectors are to be classified in Category D1, Table 5.1.

NOTE 1 The values a may be taken from an European Technical Specification (TS) or a transparent and
reproducible assessment that complies with all the requirements of an European Assessment Document (EAD) or
the value for Pem and Prk can be determined by push tests in accordance with Annex B.1.

NOTE 2 For the classification, the shear connector resistance a Prc may be taken at a slip of d». The design shear
resistance is then taken as Prd = o Pri/yv where 0 < o < 1,0, [see Figure 5.1(d)]. The value & is smaller than 2,0 mm
unless the National Annex gives a different value for use within specific countries.

(6) The flexibility of the shear connector is to be considered:
- inultimate limit states where significant impact on the rotation capacity of a member is expected;

- in serviceability limit states where significant impact on the deflection of a member is expected.

5.4.2.2 Headed stud shear connectors

(1) Reference should be made to EN ISO 13918. The headed stud shear connectors should be type SD1 or
SD3.

(2) The rules for headed studs and shear connection in accordance with 8.6 apply.
5.4.2.3 Other types of shear connectors

(1) Other types of shear connectors may be used if their performance (in particular load-slip behaviour)
has been adequately verified.

NOTE European Standard (EN), European Technical Specification (TS) or a transparent and reproducible
assessment that complies with all the requirements of an European Assessment Document (EAD) or verification in
accordance with Annex B.2 provide adequate verification.

5.5 Profiled steel sheeting for composite slabs in buildings

(1) Properties should be obtained by reference to FprEN 1993-1-3:2023, 5.1 and 5.2.

(2) For the design of composite slabs according to this standard, profiled steel sheets should be:
e profiled steel sheets manufactured from steel in accordance with EN 10025 (all parts) or;
e cold-formed steel sheets in accordance with EN 10149-2 or EN 10149-3 or;
e galvanized steel sheet in accordance with EN 10346 or;

e galvanized steel sheet with organic coatings in accordance with EN 10169.
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6 Durability
6.1 General

(1) The relevant provisions given in EN 1990, EN 1992 and EN 1993 shall be followed.
(2) Detailing of the shear connection shall be in accordance with 8.6.10 for headed studs.

NOTE For other types of shear connector detailing is to be applied in accordance to CEN/TS 1994-1-102—1, or an
European Technical Product Specification.

6.2 Profiled steel sheeting for composite slabs in buildings
(1) The exposed surfaces of the steel sheeting shall be adequately protected to resist the particular

atmospheric conditions. The relevant provisions given in EN 1993-1-3 should be followed.

(2) Zinc and other metallic coatings, if specified, shall be in accordance to EN 10346 or with relevant
standards.

NOTE Hot-dipped zinc coated (Z275) profiled steel sheeting is sufficient for internal elements in a non-aggressive

environment but the specification can be varied depending on service conditions.

(3) Organic coatings, if specified, should be in accordance with EN 10169 or with relevant standards in
force.

7 Structural analysis

7.1 Structural modelling for analysis

7.1.1 Structural modelling and basic assumptions

(1) Clause 7 is applicable to composite structures in which most of the structural members and joints are

either composite or of structural steel.

(2) The structural model and basic assumptions shall be chosen in accordance with
EN 1990:2023, 7.1.1 and shall reflect the anticipated behaviour of the cross-sections, members, joints and
bearings.

(3) Where the structural behaviour is essentially that of a reinforced or pre-stressed concrete structure,
with only a few composite members, global analysis should be generally in accordance with EN 1992-1-
1.

(3) Analysis of composite slabs with profiled steel sheeting in buildings should be in accordance with
Clause 10.

(4) For the calculation of bending effects in composite beams resulting from shrinkage and non-uniform
changes of temperature, the effective width of the concrete slab in accordance with 7.4.1.2 may be used.

7.1.2 Joint modelling

(1) The effects of the behaviour of the joints on the distribution of internal forces and moments within a
structure, and on the overall deformations of the structure, may be neglected, but where such effects are
significant (such as in the case of semi-continuous joints) they should be taken into account, see Clause
11 and EN 1993-1-8.

(2) To identify whether the effects of joint moment-rotation behaviour on the analysis need to be taken
into account, a distinction should be made between three joint models as follows, see FprEN 1993-1-
8:2023,11.2 and 7.1.1.
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