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Preface

EN 1994, also known as Eurocode 4 or EC4, is one standard of the Eurocode suite and
describes the principles and requirements for safety, serviceability and durability of compo-
site steel and concrete structures. It is subdivided into three parts:

e Part 1.1: General Rules and Rules for Buildings
e Part 1.2: Structural Fire Design
e Part 2: General Rules and Rules for Bridges.

It is used in conjunction with EN 1990, Basis of Structural Design; EN 1991, Actions on
Structures; and the other design Eurocodes.

Aims and objectives of this guide

The principal aim of this book is to provide the user with guidance on the interpretation and
use of EN 1994-2 and to present worked examples. It covers topics that will be encountered
in typical steel and concrete composite bridge designs, and explains the relationship between
EN 1994-1-1, EN 1994-2 and the other Eurocodes. It refers extensively to EN 1992 (Design of
Concrete Structures) and EN 1993 (Design of Steel Structures), and includes the application
of their provisions in composite structures. Further guidance on these and other Eurocodes
will be found in other Guides in this series.'”’ This book also provides background
information and references to enable users of Eurocode 4 to understand the origin and
objectives of its provisions.

The need to use many Eurocode parts can initially make it a daunting task to locate
information in the sequence required for a real design. To assist with this process, flow
charts are provided for selected topics. They are not intended to give detailed procedural
information for a specific design.

Layout of this guide

EN 1994-2 has a foreword, nine sections, and an annex. This guide has an introduction which
corresponds to the foreword of EN 1994-2, Chapters 1 to 9 which correspond to Sections 1 to
9 of the Eurocode, and Chapter 10 which refers to Annexes A and B of EN 1994-1-1 and
covers Annex C of EN 1994-2. Commentary on Annexes A and B is given in the Guide by
Johnson and Anderson.’

The numbering and titles of the sections and second-level clauses in this guide also corre-
spond to those of the clauses of EN 1994-2. Some third-level clauses are also numbered (for
example, 1.1.2). This implies correspondence with the sub-clause in EN 1994-2 of the same
number. Their titles also correspond. There are extensive references to lower-level clause and
paragraph numbers. The first significant reference is in bold italic type (e.g. clause 1.1.1(2)).
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These are in strict numerical sequence throughout the book, to help readers find comments
on particular provisions of the code. Some comments on clauses are necessarily out of
sequence, but use of the index should enable these to be found.

All cross-references in this guide to sections, clauses, sub-clauses, paragraphs, annexes,
figures, tables and expressions of EN 1994-2 are in italic type, and do not include
‘EN 1994-2°. Italic is also used where text from a clause in EN 1994-2 has been directly
reproduced.

Cross-references to, and quotations and expressions from, other Eurocodes are in roman
type. Clause references include the EN number; for example, ‘clause 3.1.4 of EN 1992-1-1" (a
reference in clause 5.4.2.2(2)). All other quotations are in roman type. Expressions repeated
from EN 1994-2 retain their number. The authors’ expressions have numbers prefixed by D
(for Designers’ Guide); for example, equation (D6.1) in Chapter 6.

Abbreviated terms are sometimes used for parts of Eurocodes (e.g. EC4-1-1 for EN 1994-
1-1%) and for limit states (e.g. ULS for ultimate limit state).
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CHAPTER 4

Durability

This chapter corresponds to Section 4, which has the following clauses:

e General Clause 4.1
e Corrosion protection at the steel-concrete interface in bridges Clause 4.2

4.1. General

Almost all aspects of the durability of composite structures are covered by cross-references
in clause 4.1(1) to ENs 1990, 1992 and 1993. Bridges must be sufficiently durable to remain
serviceable throughout their design life. Clause 2.4 of EN 1990 lists ten factors to be taken
into account, and gives the following general requirement:

‘The structure shall be designed such that deterioration over its design working life does not
impair the performance of the structure below that intended, having due regard to its environment
and the anticipated level of maintenance.’

The specific provisions given in EN 1992 and EN 1993 focus on corrosion protection to re-
inforcement, tendons and structural steel.

Reinforced concrete

The main durability provision in EN 1992 is the specification of concrete cover as a defence
against corrosion of reinforcement and tendons. The following outline of the procedure is for
reinforcement only. In addition to the durability aspect, adequate concrete cover is essential
for the transmission of bond forces and for providing sufficient fire resistance (which is of
less significance for bridge design). The minimum cover c¢.;, to satisfy the durability
requirements is defined in clause 4.4.1.2 of EN 1992-1-1 by the following expression:

Cmin = max{cmin‘b; Cmin,dur + ACdur,’y - ACdur,st - Acdur;add; lomm} (D41)

where: ¢pinp s the minimum cover due to bond requirements and is defined in Table 4.2
of EN 1992-1-1. For aggregate sizes up to 32mm it is equal to the bar
diameter (or equivalent bar diameter for bundled bars),

Cmindur 18 the minimum cover required for the environmental conditions,

Acgyr 18 an additional safety element which EC2 recommends to be 0 mm,

Acqurst 18 a reduction of minimum cover for the use of stainless steel, which, if
adopted, should be applied to all design calculations, including bond. The
recommended value in EC2 without further specification is 0 mm,

Acqyr adq 18 a reduction of minimum cover for the use of additional protection. This
could cover coatings to the concrete surface or reinforcement (such as
epoxy coating). EC2 recommends taking a value of 0 mm.

Clause 4.1(1)



DESIGNERS’ GUIDE TO EN 1994-2

26

Table 4.1. Minimum cover cy, 4ur for reinforcement. (Source: based on Table 4.4N of EN 1992-1-1 I5)

Environmental Requirements for c.,;, (mm)

Exposure Class (from Table 4.1 of EN 1992-1-1)

Structural Class X0 XClI XC2/XC3 XC4 XDI1/XSI XD2/XS2 XD3/XS3
| 10 10 10 15 20 25 30
2 10 10 |5 20 25 30 35
3 10 10 20 25 30 35 40
4 10 15 25 30 35 40 45
5 15 20 30 35 40 45 50
6 20 25 35 40 45 50 55

The minimum cover for durability requirements, Cpipdur» depends on the relevant
‘exposure class’ taken from Table 4.1 of EN 1992-1-1.

There are 18 exposure classes, ranging from X0, ‘no risk of corrosion’, to XA3, ‘highly
aggressive chemical environment’. It should be noted that a particular element may have
more than one exposure class, e.g. XD3 and XF4. The XF and XA designations affect the
minimum required concrete grade (via EN 1992-1-1 Annex E) and the chemical composition
of the concrete. The XC and XD designations affect minimum cover and crack width
requirements, and XD, XF and XS affect a stress limit for concrete under the characteristic
combination, from clause 7.2(102) of EN 1992-2. The exposure classes most likely to be
appropriate for composite bridge decks are:

e XC3 for a deck slab protected by waterproofing (recommended in clause 4.2(105) of
EN 1992-2)

e XC3 for a deck slab soffit protected from the rain by adjacent girders

e XC4 for other parts of the deck slab exposed to cyclic wetting and drying

e XD3 for parapet edge beams in the splash zone of water contaminated with de-icing salts;
and also XF2 or XF4 if exposed to both freeze—thaw and de-icing agents (recommended
in clause 4.2(106) of EN 1992-2).

Informative Annex E of EN 1992-1-1 gives ‘indicative strength classes’ (e.g. C30/37) for
each exposure class, for corrosion of reinforcement and for damage to concrete.

The cover ¢y gy 18 given in Table 4.4N of EN 1992-1-1 in terms of the exposure class and
the structural class, and the structural class is found from Table 4.3N. These are reproduced
here as Tables 4.1 and 4.2, respectively. Table 4.2 gives modifications to the initial structural
class, which is recommended (in a Note to clause 4.4.1.2(5) of EN 1992-1-1) to be class 4,
assuming a service life of 50 years and concrete of the indicative strength.

Taking exposure class XC4 as an example, the indicative strength class is C30/37. Starting
with Structural Class 4, and using Tables 4.1 and 4.2:

e for 100-year life, increase by 2 to Class 6

e for use of C40/50 concrete, reduce by 1 to Class 5

e where the position of the reinforcement is not affected by the construction process, reduce
by 1 to Class 4.

‘Special quality control’ (Table 4.2) is not defined, but clues are given in the Notes to Table
4.3N of EN 1992-1-1. Assuming that it will not be provided, the Class is 4, and Table 4.1
gIVeS Cin qur = 30 mm. Using the recommendations that follow equation (D4.1),

Crmin = 30mm

The cover to be specified on the drawings, ¢, shall include a further allowance for devia-
tion (Acye,) according to clause 4.4.1.3(1)P of EN 1992-1-1, such that:

Cnom = Cmin T ACdev
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Table 4.2. Recommended structural classification. (Source: based on Table 4.3N of EN 1992-1-1 IS)

Structural Class

Exposure Class (from Table 4.1 of EN 1992-1-1)

Criterion X0 XClI XC2/XC3 XC4 XDl XD2/XS1 XD3/XS2/XS3

Service life of 100 years Increase Increase Increase Increase Increase Increase Increase
class by 2 class by 2 class by 2 class by 2 class by 2 class by 2 class by 2

Strength Class (see >C30/37 >C30/37 >C35/45 >CA40/50 >C40/50 >C40/50 >CA45/55
notes | and 2) Reduce  Reduce Reduce Reduce  Reduce Reduce Reduce
class by | class by | class by | class by | class by | class by | class by |

Member with slab Reduce  Reduce Reduce Reduce  Reduce  Reduce Reduce
geometry (position of  class by | class by | class by | class by | class by | class by | class by |
reinforcement not

affected by construction

process)

Special Quality Control Reduce  Reduce Reduce Reduce  Reduce  Reduce Reduce
of the concrete ensured class by | class by | class by | class by | class by | class by | class by |

Note |: The strength class and water/cement ratio are considered to be related values. The relationship is subject to a
national code. A special composition (type of cement, w/c value, fine fillers) with the intent to produce low permeability may
be considered.

Note 2: The limit may be reduced by one strength class if air entrainment of more than 4% is applied.

The value of Acg., for buildings and bridges is defined in the National Annex and is
recommended in clause 4.4.1.3(2) of EN 1992-1-1 to be taken as 10 mm. This value may
be reduced in situations where accurate measurements of cover achieved can be taken and
non-conforming elements rejected. This could apply to precast units.

Almost all the provisions on cover, but not the process to be followed, can be modified in
the National Annex to EN 1992-1-1.

Structural steel
The rules in Section 4 of EN 1993-1-1 cover the need for access for in-service inspection,
maintenance, and possible reconstruction of parts susceptible to corrosion, wear or
fatigue. Further provisions relevant to fatigue are given in Section 4 of EN 1993-2, and a
list is given of parts that may need to be replaceable. Corrosion allowances for inaccessible
surfaces may be given in the National Annex. Further discussion on durability of structural
steel is presented in the Designers’ Guide to EN 1993-2.*

Access to shear connectors is not possible, so they must be protected from corrosion.
Clause 4.1(2) refers to clause 6.6.5, which includes relevant detailing rules, for cover and
for haunches.

4.2. Corrosion protection at the steel-concrete interface

in bridges

The side cover to stud connectors must be at least 50 mm (clause 6.6.5.4(2)). Clause 4.2(1)
requires provision of a minimum of 50 mm of corrosion protection to each edge of a steel
flange at an interface with concrete. This does not imply that the connectors must be pro-
tected.

For precast deck slabs, the reference to Section 8 is to clause 8.4.2, which requires greater
corrosion protection to a steel flange that supports a precast slab without bedding. Normal
UK practice when using ‘Omnia’ planks has been to extend the corrosion protection a
minimum of 25mm beyond the plank edge and its seating material, with due allowance

Clause 4.1(2)

Clause 4.2(1)

27



Index

Notes: references to ‘beams’ and to ‘columns’ are to composite members; cross-references to EN 1992
and EN 1993 are too numerous to be indexed

action effect see actions, effects of of frames 29
actions 6, 8 rigid-plastic 8
accidental 56 second-order 8, 31-4, 38, 64-5, 94, 140-1
arrangement of 62—4 uncracked 50-1
combinations of 3, 6, 11, 15, 31, 62-4 see also cracking of concrete; loading, elastic
characteristic 46 critical
for serviceability 164—6, 171 analysis, local 183—4
frequent 48, 64, 153 analysis, rigorous 39
infrequent 164 Annex, National see National Annex
quasi-permanent 48 annexes, informative 2, 4-5, 191-2
effects of 8 application rules 7
de-composition of 51-2 arches see bridges, tied-arch
envelopes of 63 assumptions in Eurocodes 7
global with local axes 8-9
and fatigue 156, 161
and serviceability 165, 174-5, 177-8 beams
at failure 56-7, 72 axial force in 81, 83-4, 86-9, 105, 111,
in composite plates 184-5 161-2
independent 136-7 bending resistance of 67-84
local 161, 165, 183-4 hogging 73-4, 77-9, 83
primary 12, 48, 168 sagging 72-3, 83
secondary 12, 48 cantilever 68, 125
second-order 31, 33-4, 103, 107, 141-2, Class of 12, 57-60
149, 185 concrete-encased 4, 52, 59, 68, 89
indirect 12, 44, 60, 138, 170-1 concrete flange of 13, 71, 109
permanent 15-16 cross-sections of 67-89
temperature 48, 120 Class 1 or 2 118-20
see also fatigue load models; forces, and axial force 83
concentrated; loading and filler beams 53
analysis, elastic, of cross-sections see beams; and global analysis 36
columns; etc. and indirect actions 44-5
analysis, global 8, 29-66 and reinforcement 20
cracked 50-1 and resistance to bending 69
elastic 30, 36-7, 40, 42-53 and serviceability 163, 170
elasto-plastic 137 and vertical shear 80
finite-element 31, 34, 39, 93, 111 Class 3 37, 108
first-order 31-3, 38 Class 3 and 4 20, 80-2, 103, 163
grillage 52-3 Class 4 77-9, 85-9, 94, 97, 107
non-linear 8, 36, 56, 72, 138, 185 classification of 29, 37, 57-61, 71, 82

of filler-beam decks 52-3 elastic analysis of 58-9, 69, 75-7
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beams — cross-sections of (continued)
plastic analysis of 36
sudden change in 120-1, 186
curved in plan 4, 68-9, 89
curved in elevation 69, 114
flexural stiffness of 46
haunched 102, 117, 122, 126-7, 189
of non-uniform section 4
shear connection for see shear connection
shear resistance of 67, 79-83
see also analysis; buckling; cantilevers;
cracking of concrete; deflections; filler
beams; flange, effective width of;
imperfections; interaction; shear...;
slabs, concrete; vibration; webs
bearings 11, 15, 62, 64, 141, 145
bedding see slabs, precast concrete
bending, bi-axial 71
bending moments
accumulation of 12
and axial force 59, 68, 102-3
elastic critical 93
in columns 142-3
redistribution of 18, 37, 53
bolts, holes for 68
bolts, stiffness of 30, 37-8
bond see shear connection
box girders 82
distortion of 68-9
shear connection for 116, 118
torsion in 45-6, 72
see also composite plates
bracing, lateral 35-6, 69, 91, 111-3, 115
and buckling 97
and slip of bolts 38-9
stiffness of 96-9, 102—-4
breadth of flange, effective see flange, effective
width of
Bridge Code (BS 5400) 1, 39, 56, 59, 70, 89,
104
bridges
cable-supported 4, 23, 40
durability of see corrosion; durability
for pedestrians 151
integral 31, 33, 36, 68, 72, 105, 115
railway 151
strengthening of 114
tied-arch 35, 161-2, 189
U-frame 30
see also box girders; filler beams
British Standards
BS 5400, see Bridge Code
BS 5950 39, 59
BS 8110 70
buckling
distortional lateral 35, 91, 105-7
flange-induced 68, 114
flexural 77, 89, 184-5
in columns 34, 136, 140-2
lateral 95

lateral-torsional 31, 34, 45, 67, 76-7, 90-104,
111, 138
local 37-8, 57-9, 76, 127, 137
see also beams, Class of
of plates 29, 37-8, 184-5
of webs in shear 68, 80, 82
see also bending moments, elastic critical;
filler beams

cables 4, 23
camber 166
cement, hydration of 175-6
see also cracking of concrete
CEN (Comité Européen Normalisation) 1-2
Class of section see beams, cross-sections of
class, structural 267
Codes of Practice, see British Standards;
EN...
columns 64-6, 136-50, 164
analysis of 29, 140-3
axially loaded 144
bending resistance of 71
bi-axial bending in 140, 143, 146
concrete-encased 4, 138, 145
concrete-filled 4, 144-50
cross-sections of
interaction diagram for 138-9
non-symmetrical 33, 47, 136
design methods for 31, 137-43
effective stiffness of 33, 137, 140, 149
moment-shear interaction in 139, 148
out-of-plumb 65-6
second-order effects in 138
shear in 139, 145
squash load of 138, 140, 147
steel contribution ratio for 136, 140, 147
transverse loading on 143
see also buckling; bending moments; cracking
of concrete; creep of concrete; length,
effective; imperfections; loading, elastic
critical; load introduction;
reinforcement; shear connection;
slenderness, relative; stresses, residual
composite action, double 4, 183, 189
composite bridges, see bridges; Bridge Code
composite plates 4, 183-8
compression members 136—50
see also columns
concrete
compaction of 124-5
lightweight-aggregate 17, 19, 22, 136, 152
over-strength of 47, 50, 118-9
partial factors for 13—14
precast 27-8, 62
properties of 17-19
spalling of 4
strength classes for 17-18, 26
strength of 13, 17-18, 70
stress block for 18, 701, 138
thermal expansion of 22
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see also cracking of concrete; creep of
concrete; elasticity, modulus of;
prestress; shrinkage of concrete; slabs
connecting devices 20—1
connections, see joints
connector modulus, see shear connectors,
stiffness of
construction 3, 47-8, 1034, 164, 166
loads 6, 12
methods of 12, 180
propped 121, 171
unpropped 12, 76, 91-3, 121
see also erection of steelwork
Construction Products Directive 14
contraflexure, points of 32, 35
corrosion 25, 27
at steel-concrete interface 27-8, 127, 181
of reinforcement 25-7
cover 25-7, 89-90, 138, 145
cracking of concrete 46, 152-4, 167-73
and global analysis 29, 32, 36, 46-7, 50,
52-3
and longitudinal shear 47, 118
control of 163, 173
load-induced 169-70, 175
restraint-induced 168-9, 175-7
early thermal 167-8, 172-3, 175-6
in columns 47, 140, 141, 145
creep coefficient 19, 42-3, 53-4, 140
creep multiplier 42-3
creep of concrete 12, 17, 19, 32, 42-5, 53
in columns 45, 140, 147
secondary effects of 44
see also modular ratio; elasticity, modulus of
cross-sections see beams, cross-sections of;
columns, cross-sections of
curves, buckling resistance 34

damage, cumulative 153, 155-6

see also factors, damage equivalent
damping factor 166—7
definitions 8
deflections see deformations
deformations 166

limits to 163
deformation, imposed 12, 44, 49, 90
design, basis of 11-16
design, methods of see beams; columns; slabs; etc.
design, mixed-class 367
Designers’ guides v, 2

to EN 1990 14

to EN 1993-2 35, 58, 68-9, 72, 77, 79, 82, 95,

104, 113, 114, 118

to EN 1994-1-1 60, 73, 93, 136
diaphragms 115-6
dimensions 14
dispersion, angle of 113, 120
distortion of cross sections 68, 72, 82, 184
ductility see reinforcement, fracture of;

structural steels

durability 25-8, 179

effective length see length, effective
effective width see beams; flanges; slabs,
composite
effect of action see actions, effects of
eigenvalue see loading, elastic critical
elasticity, modulus of
for concrete 18, 33, 140
for shear 45
EN 1090 7, 185
EN 10025 60, 72, 146
EN 13670 5, 7, 180
EN 13918 23, 122
EN 1990 v, 2, 6, 14-15, 25, 29, 48, 56, 164
EN 1991 v, 2, 6, 12, 48, 151, 166
EN1992 v, 2,5
EN1993 v, 2,6
EN 1994-1-1 v, 2
EN1994-2 v, 2
EN 1998 3,7
ENV 1994-1-1 5, 137
environmental class see exposure class
equilibrium, static 15-16
erection of steelwork 7, 39
European Standard see EN. ..
examples
bending and vertical shear 104—11
block connector with hoop 116-8
composite beam, continuous 60-2, 104—11
composite column 136, 145-50
concrete-filled tube 145-50
control of crack width 175-7
cross bracing 111-3
distortional lateral buckling 105-8
effective width 41-2
elastic resistance to bending 77-9
fatigue 157-61
in-plane shear in a concrete flange 130-1
longitudinal shear 131-4
lying studs 192—-4
modular ratios 53-4
plastic resistance to bending 72-3
resistance to bending and shear 85-6, 104—11
with axial compression 86-9, 107-8
serviceability stresses 173-5, 177-8
shear connection for box girder 187-8
shrinkage effects 54-6
transverse reinforcement 1301
execution see construction
exposure classes 267, 164-5, 167, 175

factors, combination 6, 48-9, 567
factors, damage equivalent 156, 161
factors, partial see partial factors
factors, reduction 92-3, 95
fatigue 15-16, 137, 150-61
analysis for 37
load models for 150, 153, 157-61
of joints 30
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fatigue (continued)
of reinforcement 19-20, 154-5, 159-61
of shear connectors 47, 150, 155-6, 183, 191
of structural steel 27, 90, 127, 150-1, 154,
157
partial factors for 14, 151-2
filler beams 29, 52-3, 60, 89-91, 166, 173
finite-element methods 68, 93-4, 104, 115
see also analysis, global
fire, resistance to 25, 163
flanges
concrete see beams; slabs
effective width of 39-41, 68, 111
plastic bending resistance of 82
steel 104, 186
flow charts v
for classification of sections 57
for compression members 141
for control of cracking 171-2
for global analysis 46, 62-6
for lateral buckling 96
forces, concentrated 114, 120-1
forces, internal 137
formwork, permanent 62, 179-81
formwork, re-usable 76
foundations 7, 16
fracture toughness 12
frame, inverted-U 35, 93, 95-8, 101, 106,

109-11
frames, composite 8, 35, 64-6, 141
braced 47
see also analysis, global; buckling;
imperfections

geometrical data 15
see also imperfections
girders see beams; box girders
ground-structure interaction 30
see also bridges, integral

haunches see beams, haunched
Highways Agency 1
hole-in-web method 58, 59-60, 73, 80

impact factor 160

imperfections 7, 14, 29, 31-2, 33-6
and lateral buckling 91
in columns 65, 138, 141, 143
in plates 185

interaction, partial and full 69

ISO standards 5, 8

italic type, use of v—vi

jacking, see prestress

joints 22, 30
between precast slabs 181
stiffness of 38

length, effective 34, 64, 136, 143
see also slenderness, relative

limit states
serviceability 6, 37, 56, 163-78
STR (structural failure) 67
ultimate 56, 67-162
loading 12
arrangement of 31
construction 12
elastic critical 31-3
for beams 97-102
for columns 140, 147-8
for composite plates 185
wheel 567, 84, 165, 183, 185
see also actions
load introduction
in columns 136, 144-5, 149-50
in tension members 161-2
lying studs see studs, lying

materials, properties of 17-23
see also concrete; steel; etc.

mesh, welded see reinforcement, welded
mesh

modular ratio 42-3, 53-4

modulus of elasticity see elasticity, modulus
of

moment of area, torsional second 46

moments see bending moments; torsion

nationally determined parameter 1-2, 62, 84,
91
National Annexes 1, 3, 11, 56
and actions 48, 56, 153, 158-9, 164, 169
and analysis, global 56, 58
and beams 38
and columns 138
and combination factors 48
and materials 13, 20, 22, 59, 61, 70, 146
and partial factors 116, 151
and resistances 95, 124, 128, 156-7
and serviceability 27, 164, 166-7, 173-5
and shear connectors 125, 166
national choice 2
national standards 1
NDPs 1-2
normative rules 2-3
notation see symbols
notes, in Eurocodes 1, 12

partial factors 2, 3, 9-16
for fatigue 14, 151-2, 156
g, for actions 6, 15, 19, 45, 51, 55
v, for materials and resistances 13-15, 92,
165, 192
plastic theory see analysis, global, rigid-plastic;
beams, cross-sections of, Class 1 and 2
plate girders see beams
plates, buckling of see buckling
plates, composite 41, 72, 126, 164, 183-8
plates, orthotropic 52
Poisson’s ratio 46, 144
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prestress 4, 8
by jacking at supports 4, 8, 12, 49
by tendons 49, 77, 155, 167
transverse 4
principles 4, 7, 12
propping see construction, methods of
provisions, general 2
push tests see shear connectors, tests on

quality, control of 26

redistribution see bending moments; shear,
longitudinal
references, normative 5-7
reference standards 3, 5-7
regulatory bodies 12
reinforcement 9, 19-21, 22
and lying studs 190-1
ductility of 20, 59, 71
fracture of 21-2, 59
in beams
for crack control 167-73
for shrinkage 19
minimum area of 59, 168-9, 176-7
transverse 115, 124, 127-30
in columns 138, 145-6
in composite plates 186
in compression 70
in filler-beam decks 90
in haunches see beams, haunched
yielding of 39
welded mesh (fabric) 19-21, 59, 71
see also cover; fatigue
resistances 14
see also beams, bending resistance of; etc.
restraints, lateral see bracing, lateral
rotation capacity 12, 22, 58
see also joints

safety factors see partial factors
scope of EN 1994-2 4-5, 36, 136, 138
section modulus 8
sections see beams; columns; etc.
separation 8, 115, 124
serviceability see limit states
settlement 12, 30
shakedown 153-4
shear see columns, shear in; shear, longitudinal;
shear, vertical; etc.
shear connection 2, 8, 68, 114-35
and execution 124-5
and U-frame action 93, 111
by adhesives 23, 114
by bond or friction 23, 114, 136, 144, 149-50,
190
design of 82, 155
detailing of 124-7, 180, 189-93
for box girders 185-8
full or partial 69
in columns 144-5, 149-50

see also fatigue; load introduction;
reinforcement, in beams, transverse;
shear connectors; slip, longitudinal
shear connectors 115, 156
and splitting see studs, lying
angle 5, 115
bi-axial loading of 185, 188
block with hoop 5, 114, 116-7
channel 5
ductility of 114
fatigue strength of 151, 191
flexibility of see stiffness of
force limits for 151, 165-6
in young concrete 166
partial factors for 14
perforated plate 22
spacing of 59,91, 119, 124-5, 162, 180, 184-5,
187-8
stiffness of 18, 69, 164, 186-7
tension in 115
tests on 5, 189
types of 5, 22
see also studs, welded
shear flow 116, 118
shear lag see width, effective
shear, longitudinal 47, 68, 114, 118-21, 127-30
see also columns, shear in; composite plates;
shear connection; shear flow
shear, punching 84, 184
shear ratio 100
shear, vertical 29
and bending moment 80-3, 87
and lying studs 191, 193
in deck slabs 84, 184
in filler-beam decks 91
see also buckling
shrinkage of concrete 19, 53
and cracking 169-70, 174-5
autogenous 19, 55, 144, 147
effects of 35, 45, 165-6, 172
in tension members 50
modified by creep 43-4, 54-6
primary 12, 54-6, 76, 120, 133-4
secondary 12, 134
see also cracking of concrete
situations, design 165
skew 89
slabs, concrete 53
reinforcement in 125
splitting in 115, 123-4, 189-93
see also plates, composite
slabs, precast concrete 115, 125-7, 179-81
slenderness, relative
for beams 92, 94, 97, 101-2
for columns 136, 140, 147-8
slip capacity 114
slip, longitudinal 8, 38-9, 69, 166
in columns 138, 144
in composite plates 184, 186-7
software for EN 1994 32-3, 75, 94
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splices 38, 118
squash load see columns, squash load of
stability see equilibrium, static
standards see British Standards; EN . ..
standards, harmonised 14
steel see reinforcing steel; structural steel;
yielding of steel
steel contribution ratio see columns
steelwork, protection of see durability
stiffeners, longitudinal 59, 82, 185
stiffeners, transverse web 35, 68-9, 93, 97, 116
stiffness, effective, of reinforcement 51
stiffness, flexural see beams; columns; etc.
stiffness, torsional 45-6
strength of a material 13—-14
characteristic 13, 15
see also resistance
stress block for concrete 13
stresses
accumulation of 12, 81, 84, 86
bearing 144
design, at serviceability limit state 164—6
in concrete 26, 165, 177-8
in reinforcement 165
in steel 165, 177
equivalent, in steel 72, 185
excessive 164
fatigue 1501
mid-plane, in steel 76-7
residual, in steel 31, 34-5, 141
shrinkage see shrinkage of concrete
temperature see temperature, effects of
stress range, damage equivalent 155-7
stress resultant see actions, effects of
structural steels 20-2
partial factors for 9, 14-15
thermal expansion of 22
strut, pin-ended 32
studs, lying 115, 123-4, 189-93
studs, welded 3, 22-3, 121-3
detailing of 127, 189-93
ductility of 120
length after welding 122
resistance of 121-2, 189, 191
tension in 123
weld collar of 23, 115, 122-3
see also fatigue; shear connection, detailing
of; shear connectors

subscripts 8-9

superposition, principle of 31
support, lateral see bracing, lateral
sway 142

symbols 8-9, 13-14, 20

temperature, effects of 48-9, 53, 153
temporary structures 11
tendons see prestress
tension field 79-80
tension members 23, 49-52, 161-2
tension stiffening
and cracking 47, 169-70
and longitudinal shear 118-9, 162
and stresses 154-5, 160, 165, 173-5
and tension members 50—1
testing see shear connectors
tolerances 14, 49, 180-1
torsion 45-6, 68, 72, 91, 163, 184
traffic, road, type of 160
truss analogy 128
trusses, members in 49, 136-7, 140
and buckling 95
and effective widths 41
tubes, steel see columns, concrete-filled

U-frame see frame, inverted-U
units 189
uplift see separation

variables, basic 12
vibration 163, 166-7

warping, resistance to 72, 118, 163, 184
webs

breathing of 166

effective area of 37-8

holes in 68, 90

transverse forces on 113-4

see also hole-in-web method; shear,

vertical

web stiffeners see stiffeners, transverse web
width, effective 29, 183-4

see also beams; flanges, effective width of
worked examples see examples

yielding of steel 37



