STRUCTURES

Getting Started

" | EUROPEAN
%‘CONCRETE



Instructions for the Members of BIBM, CEMBUREAU, EFCA and ERMCO:

It is the responsibility of the Members (national associations) of BIBM, CEMBUREAU, EFCA and ERMCO
to translate and/or adapt this publication within their national framework, to publish it under their own
name and to disseminate it to their contacts at national level.

Copyright: Name of National Member
Acknowledgements to the European Concrete Platform

EMBARGO: 31 March 2007

The Members of BIBM, CEMBUREAU EFCA and ERMCO are not allowed to publish this brochure before
31 March 2007.

Copyright: European Concrete Platform (when legal body is established), March 2007.

blbm s ERMCO

EUROPEAN CONCRETE PLATFORM

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted in
any form or by any means, electronic, mechanical, photocopying, recording or otherwise, without the prior written
permission of the European Concrete Platform: BIBM (International Bureau for Precast Concrete);
CEMBUREAU, The European Cement Association; EFCA (European Federation of Concrete Admixtures
Associations); ERMCO (European Ready Mixed Concrete Organisation).

Published by the European Concrete Platform
Editor: Jean-Pierre Jacobs

8 rue Volta

1050 Brussels

Layout & Printing by
The European Concrete Platform

All information in this document is deemed to be accurate by the European Concrete Platform at the time of
going into press. It is given in good faith.

Information on European Concrete Platform document does not create any liability for BIBM, CEMBUREAU,
EFCA and ERMCO. While the goal is to keep this information timely and accurate, the European Concrete
Platform cannot guarantee either. If errors are brought to its attention, they will be corrected.

The opinions reflected in this document are those of the authors and BIBM, CEMBUREAU, EFCA and ERMCO
cannot be held liable for any view expressed therein.

All advice or information from the European Concrete Platform is intended for those who will evaluate the
significance and limitations of its contents and take responsibility for its use and application. No liability (including
for negligence) for any loss resulting from such advice or information is accepted.

Readers should note that all European Concrete Platform publications are subject to revision from time to time
and therefore ensure that they are in possession of the latest version.




How to design concrete structures using Eurocode 2

2. Getting started

Introduction The design process

F This guide is intended to assist the designer determine all the design

information required prior to embarking on detailed element design. It
covers design life, actions on structures, load arrangements,
combinations of actions, method of analysis, material properties, stability
and imperfections, minimum concrete cover and maximum crack widths.

Where NDPs occur in the text in this publication, recommended values
in EN 1992 are used and highlighted in yellow. The UK values have
been used for NDPs embedded in figures and charts and the relevant
NDPs are scheduled separately to assist other users in adapting the
figures and charts.

The process of designing elements will not be revolutionised as a result
of using Eurocode 2', although much of the detail may change — as
described in subsequent guides in this series.

Detailing is not covered in these guides, but the process will not vary
significantly from current practice. With regard to specification, advice
can be found in the guide Introduction to Eurocodes?.

In the long-term it is anticipated that Eurocode 2 will lead to more
economic structures.

Design life

The design life for a structure is given in Eurocode: Basis of structural
design®. These are noted in Table 1 (overleaf). These should be used to
determine the durability requirements for the design of reinforced
concrete structures.

Actions on SstructuresEurocode 1: Actions on structures*
consists of 10 parts giving details of a wide variety of actions. Further
information on the individual codes can be found in the first guide in this
series, How to design concrete structures using Eurocode 2: Introduction
to Eurocodes.

Eurocode 1, Part 1—1: General actions — Densities, self-weight, imposed
loads for buildings® gives the densities and self-weights of building
materials (see Table 2 overleaf). It should be noted that there is no
advice given for loading in plant rooms.

At the time of writing not all the parts of Eurocode 1 and their National
Annexes are available.



Table 1
Indicative design working life (from UK National Annex to Eurocode)

Designlfe (years) | Examples

10 Temporary structures
10-30 Replaceable structural parts
15-25 Agricultural and similar structures
50 Buildings and other common structures
120 Monurmental buildings, bridges and other civil

engineering structures

Table 2

Selected bulk density of materials (from Eurocode 1, Part 1-1)
sk density (kN/m?)
Normal weight concrete 24.0

Reinforced normal weight concrete 250

Wet normal weight reinforced concrete 260
Figure 1
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Adjacent spans loaded
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Figure 3
All spans loaded

Load arrangements

The term load arrangements refers to the arranging
of variable actions(e.g. imposed and wind loads) to
give the most onerous forces in a member or
structure and are given in Eurocode 2 and National
Annexes are allowed to provide simplifications.

For building structures Eurocode 2 Part 1-1
recommends the following load arrangements for
both the ultimate limit state and serviceability limit
state:

Alternate or adjacent spans loaded

The design values should be obtained from the more

critical of:

m Alternate spans carrying the design variable and
permanent loads with other spans loaded with only
the design permanent load (seeFigure 1). The
value of y; should be the same throughout.

m Any two adjacent spans carrying the design
variable and permanent loads with other spans
loaded with only the design permanent load (see
Figure 2). The value of y should be the same
throughout.



Combination of actions

The term combination of actions refers to the value of
actions to be used when a limit state is under the
influence of different actions.

The numerical values of the partial factors for the ULS
combination canbe obtained by referring to Eurocode:
Basis of structural design or the guide Introduction to
Eurocodes®.

There are three SLS combinations of actions —
characteristic, frequent and quasi-permanent. The
numerical values are given in Eurocode: Basis of
structural design.

Material properties

Concrete
In Eurocode 2 the design of reinforced concrete is

based on thecharacteristic cylinder strength rather than

cube strength and should be specified according to

EN 206-1"(e.g. for class C28/35 concrete the
cylinderstrength is 28 MPa, whereas the cube strength
is 35 MPa).Typical concrete properties are given in
Table 4.

Concrete up to class C90/105 can be designed using
Eurocode 2. For classes above C50/60, however, there
are additional rules and variations. For this reason, the
design of these higher classes is not considered in this
series of guides.

Reinforcing steel

Eurocode 2 can be used with reinforcement of
characteristic strengths ranging from 400 to 600 MPa.
The properties of steel reinforcement are summarised
in Table 5 (on page 4). There are three classes of
reinforcement, A, B and C, which provide increasing
ductility. Class A is not suitable where redistribution of
20% and above has been assumed in the design.There
is no provision for the use of plain bar or mild steel
reinforcement.

::::l:t:' imposed loads for buildings (from draft UK National Annex to Eurocode 1, Part 1-1)

[Cotogory [Bramplouse g wm) oy
Al All uses within self-contained dwelling units 1.5 z0

AZ Bedrooms and dormitories 1.5 2.0

A3 Bedrooms in hotels and motels, hospital wards and toilets 20 2.0

AS Balconies in single family dwelling units 25 z0

AT Balconies in hotels and matels 4.0 min. 210 at outer edge

B1 Offices for general use 25 27

(ol3 Assembly area without fixed seating, concert halls, bars, places of worship 5.0 2.6

D2 Shopping areas 40 36

E12 Ceneral storage 2.4 per m height 70

E17 Dense mobile stacking in warehouses 4.8 per m height (min. 15.0) 70

F Cross vehicle weight < 30kN 25 100

Table 4

Selected concrete properties based on Table 3.1 of Eurocode 2, Part 1-1

fe (MPa) Characteristic cylinder strength 12 16 20 25 30 35 40 45 50 287 32
fekcube (MPa) Characteristic cube strength 15 20 25 30 37 45 50 55 60 35 40
ferm (MPa) Mean tensile strength 16 1.9 22 26 29 32 35 38 4.1 28 3.0
Ecm (GPa) Secant modulus of elasticity 27 29 30 =1 33 34 35 36 v 32 34
Key

a Concrete class not cited in Table 3.1, Eurocode 2, Part 1-1

b Mean secant modulus of elasticity at 28 days for concrete with quartzite aggregates. For concretes with other aggregates refer to C13.1.3 (2)



Table 5
Characteristic tensile properties of reinforcement

Class (BS 4449) and designation (BS 8666) _ _ -

Characteristic yield strength £, or fozx (MPa) 500 500
Minimum value of k= (fi/f,)k =105 =108 =115<135
Characteristic strain at maximum force ey (%) =25 =50 =75

Notes

1 Table derived from BS EN 1902—1—1 Annex C, BS 4440: 2005 and BS EM 1008010,

2 The nomenclature used in BS 4449: 2005 differs from that used in BS EN 1992-1-1
Annex Cand used here

3 In accordance with BS 8666, class H may be specified, in which case class A, B or C
may be supplied.

Table 6
Bending moment and shear co-efficients for beams

Outer support 25% of span moment  0.45 (C + Q)

Near middle of end span 0.900 Gl + 0.100 Q!

At first interior support - 0094 (G+Q)! 063 (G+Q)°
At middle of interior spans ~ 0.066 Gl + 0.086 Q!

At interior supports - 0075 (G+Q)! 050 (C+Q)

Key

a 0.55 (G + Q) may be used adjacent to the interior span.

Notes

1 Redistribution of support moments by 15% has been included.

2 Applicable to 3 or more spans only and where Qy = Gy

3 Minirmurm span = 0.85 longest span.

4 [ is the effective length, G is the total of the ULS permanent actions, Q is the total
of the ULS variable actions.

Table 7

Exposure classes
s [Desrption ]
Mo risk of corrosion or attack

X0 Far concrete without reinforcement or embedded metal where there
is no significant fresze/thaw, abrasion or chernical attack.

Corrosion induced by carbonation

XC1 Diry or permanantly wet
XC2 Wet, rarely dry
HC2/4  Moderate humidity or cyclic wet and dry

Corrosion induced by chlorides other than from seawater

XD Moderate hurnidity

XD2 Wet, rarely dry

XD3 Cydicwet and dry

Corrosion induced by chlorides from seawater

X51 Exposed to airborne salt but not in direct contact with sea water
X52 Permanentty subrmerged

53 Tidal, splash and spray zones

Freezefthaw with or without de-icing agents

XF1 Moderate water saturation without de-icing agent

XF2 Meoderate water saturation with de-icing agent

XF3 High water saturation without de-icing agent

XF4 High water saturation with de-icing agent or sea water

Chemical attack (ACEC classes)
Refer to BS 8500-1 and Special Digest 111

Structural analysis

The primary purpose of structural analysis in building
structures is to establish the distribution of internal forces
and moments over the whole or part of a structure and to
identify the critical design conditions at all sections. The
geometry is commonly idealised by considering the
structure to be made up of linear elements and plane
two-dimensional elements.

The type of analysis should be appropriate to the problem
being considered. The following may be used: linear
elastic analysis, linear elastic analysis with limited
redistribution, and plastic analysis. Linear elastic analysis
may be carried out assuming cross sections are
uncracked (i.e. concrete section properties); using linear
stress-strain relationships, and assuming mean values of
elastic modulus.

For the ultimate limit state only, the moments derived from
elastic analysis may be redistributed (up to a maximum of
30%) provided that the resulting distribution of moments
remains in equilibrium with the applied loads and subject
to certain limits and design criteria (e.g. limitations of
depth to neutral axis).

Regardless of the method of analysis used, the following

principles apply:

m  Where a beam or slab is monolithic with its supports,
the critical design hogging moment may be taken as
that at the face of the support, but should not be
taken as less than 0.65 times the full fixed end
moment.

m  Where a beam or slab is continuous over a support
that may be considered not to provide rotational
restraint, the moment calculated at the centre line of
the support may be reduced by (Fgq sup t/8),Where
Fea,sup is the support reaction and t is the breadth of
the support.

m  For the design of columns the elastic moments from
the frame action should be used without any
redistribution.

Bending moment and shear force co-efficients for beams
are given in Table 6; these are suitable where spans are
of similar length and the other notes to the table are
observed.

Minimum concrete cover

The nominal cover can be assessed as follows:

Chom = Cmin T Acdev Exp. (4.1)

Where cmin should be set to satisfy the requirements
below:

m safe transmission of bond forces

m durability

m fire resistance

and Acgey is an allowance which should be made in the
design for deviations from the minimum cover. It should be
taken as 10 mm, unless fabrication (i.e. construction) is
subjected to a quality assurance system, in which case it
is permitted to reduce Acge, to between 10 mm and 5 mm.



Figure 4
Sections through structural members, showing nominal axis distance, a

Table 9
Minimum column dimensions and axis distances for columns with
rectangular or circular section — method A

Standard fire

Minimum dimensions (mm)
Column width ( bmin)/axis distance (a) of the main bars

Column exposed on more | Exposed on one side
than one side (i, = 0.7) |(#4 =0.7)

resistance

R 60 250/46 155/25
350/40

R 120 350/57* 175/35
450/51*

R 240 T 295/70

Notes

-

Refer to BS EN 1992-1-2 for design limitations

2 Mg is the ratio of the design axial load under fire conditions to the design resistance
of the column at normal temperature conditions. Conservatively g may be taken
as 0.7.

Minirmum 8 bars

Method B indicates 600/70 for R 240 and ffi =
See EN 1992-1-2 Table 5.2b

*®

-

0.7 and may be used

Minimum cover for bond

The minimum cover to ensure adequate bond should not
be less than the bar diameter, or equivalent bar diameter
for bundled bars, unless the aggregate size is over 32 mm.

Minimum cover for durability

The recommendations for durability in Eurocode 2 are
based on BS EN 206-112. In the UK the requirements of
BS EN 206 —1 are applied through the complementary
standard BS 8500.

Table 10
Minimum dimensions and axis distances for reinforced concrete slabs

Standard
fire

Minimum dimensions (mm)

resistance

One-way T\M)—wqr spanning slab
spanning slab I,.H,(s 15 1.5::!,”152
REI 60 hs=
a= 20 10 15
REI 120 hs= 120 120 120
a= 40 20 25
REI 240 hs= 175 175 175
a= 65 40 50
Mate

Refer to BS EM 1992-1-2 for design limitations.

Design for fire resistance

Eurocode 2 Part 1-2: Structural fire deS|gn gives several
methods for determining the fire resistance of concrete
elements; further guidance can be obtained from
specialist literature. Design for fire resistance may still be
carried out by referring to tables to determine the
minimum cover and dimensions for various elements, as
set out below.

Rather than giving the minimum cover, the tabular method
is based on nominal axis distance, a (see Figure 4). This
is the distance from the centre of the main reinforcing bar
to the surface of the member. It is a nominal (not
minimum) dimension. The designer should ensure that

az Cnom * ¢Iink + ¢bar /2

There are three standard fire exposure conditions that
may be satisfied:

R Mechanical resistance for load bearing

E Integrity of separation

| Insulation

Tables 9 and 10 give the minimum dimensions for
columns and slabs to meet the above conditions. Further
information is given in Eurocode 2 and subsequent guides
in this series, including design limitations and data for
walls and beams.

Possible combinations of a and bmh where a is the average axis distance and by is the width of the rib

Ribs in a two-way spanning ribbed slab

180 Brnin = 100 120 =200
15 a= 25 15 10

200 Brnin = 160 1090 =300
35 a= 45 40 0

200 Brnin = 450 700 _
50 a= 70 60



Table 8
Selected® recommendations for normal-weight reinforced concrete quality for combined exposure classes
and cover to reinforcement for at least a 50-year intended working life and 20 mm maximum aggregate size

Exposure conditions Cement/ Strength dass¢, maximum w/c ratio, minimum cement or combination
{Refer to Table 7) combination | content (kg/m3), and equivalent designated concrete (where applicable)
designationsb

Internal mass

X0 All Recommmiended that this exposure is not applied to reinforced concrete
concrete
Intemal elements C20/25,
(except humid XC1 All 0.70, 240 = e << <z << << <<
locations) or RCZ5
Buried concrete T
inAC-1 ground Xcz AC1 All —— = 0.65J 260 Cad T it St T et
condftions® or RC30
Wartical surface C40/50, C32/40, ARG C25/30,
protected from All except IVB — 0.45, 340 055 300 080,280 Q.65 260 o coc cec
direct rainfall or RC50 or RC40 or RC35 or RC30
e C40/50, C32/40, C28/35,
Suffaces XF1 All except VB —— 0,45, 340 0,55, 300 0.60, 280 <<t L e P

XCc3 of RC50 or RC40 or RC35

& C40/50,

XC4 yp3 Allexcspt VB —  045,340F | cws - e s see cee

‘ or RCE0XF
Exposed horizontal
surfaces €32/40 CPai35, C25/30,
XF3 (air Al e — S 055 360 060, 280 0.60, 280
entrained) i p.lusJairﬁg plus airfg  plus airfigh S i o

or Bave or PAVT

Car park elements

; | C40/50, C32/40, C28/35,
SubJeq to airborne XD XC3/4 All except VB — — 045360 055320 060,300 s coo P
chlorides only

C35/45, C32/40, C28/35,

ial o o o o T 040,380 045360 050,340
Car park decks and
: CEM I, 1A, . _ _ . _ C45/55,  CAD/SD,  €35/45,
= iy XC374 pg sReC 0.35,380 0.40,380 0.45,360
e-icing spray
M _ 7 - - _ C3z40,  Cze3s, €253,
0.40, 380  0.45,360  0.50, 340
_ _ . - _ _ casi45,  Cazdo, | cazio,
; 0.40,380 0.45 360  0.50, 340
| XD3
;/fg‘eiiltﬂedrgf'ﬁ XC374  CEMIIIA, - - - -  c45/55,  C40/50,  C35/45,
! 0 +XF2 [IB-S, SRPC 0.35,380 040,380 045, 360
spray and freezing
0 _ _ . _ _C32M40, 3P0 €320,
0.40, 380  0.45 360 050, 340
Car park decks, XC3/4 CEM |, llA, . . . . . C45/55,  C40/50,
ramps and extemal +XF4 IIB-5, SRPC 0.35, 3807 040 380f <5
areas subject to XC3/4 C28/35 C28/35,
gree;mg an? +XF4 (alr IR —_ — — — — — 045 0.50,
Sleiicad s entrained) 360f2 340%2
i - - 4555, (C35/45,  C3zpdo,
' 035,380 0.45,360 0.50,340 e 5
Exposed vertical XC3/4 CEM |, 1A, _ _ _ C50/60,  C40/50, (C35/45,
surfaces near comst o 4XF2 lIB-5, SRPC 035380 045360 0.50,340 e ik
i . . _ cosids,  (Coefdn,  (C3zr4n,
040,380  0,50,340  0.55,320 it i
Exposed horizontal XC3/4 CEM I, 1A, _ _ _ C50/60, C40/50,
surfaces near coast +XF4 1IB-5, SRPC 0.35,380f 045 360f = =% i =
Key d Acgey Isan allowance for deviations. — Mot recammendad
a This table comprises @ selection of commen exposure class combinations. e For sections less than 140 mm thick refer to BS 8500
Requirements for other sets of exposure classes eg XD2, X52 and %53 should be f Freeze/thaw resisting aggregates should be specified. =5 Indicates that concreta
derived from BS 8500-1: 2002, Annex A. g Alrentrained cancrete is required. quality in cell to the left
b See BS 8500-2,Table 1. (CEM |is Portland cerment, I1A to V8 are cement corrbinations) b This option may nat be suitable for areas subject to should not be reduced

¢ For prestressed concrete the minimum strength class should be C28/35. severe abrasion.



Stability and imperfections

The effects of geometric imperfections should be considered
in combination with the effects of wind loads (i.e. not as an
alternative load combination). For global analysis, the
imperfections may be represented by an inclination 4.

4 = (1/200) x an X an

where
an = (2N1), to be taken as not less than 2/3 nor
greater than 1.0
am = [0.5(1+1/m)°®

I is the height of the building in metres
m is the number of vertical members contributing to the
horizontal force in the bracing system.

The effect of the inclination may be represented by
transverse forces at each level and included in the analysis
with other actions (see Figure 5):

Effect on bracing system:  Hi= 4 (Np — Na,)
Effect on floor diaphragm:  Hi= 8 (N, + N,)/2
Effect on roof diaphragm:  Hi= 8N,

where N, and Ny, are longitudinal forces contributing to H;.

In most cases, an allowance for imperfections is made in the
partial factors used in the design of elements. However for
columns, the effect of imperfections, which is similar in
principle to the above, must be considered (see How to
design concrete structures using Eurocode 2: Columnsg).

Table 11
Maximum bar size or spacing to limit crack width

strass
(os)MPa

Maximum
bar

spacing (mm)

160 40 300

200 32 OR 300

240 20 250

280 16 200 12 150
320 12 150 10 100
360 10 100 g 50
Mote

The steel stress may be estimated from the expression below (or see Figure &)
fyk M A5 raq
¥rms N As prow il

0y =

where:
ik is the characteristic reinforcement yield stress
¥ms 15 the partial factor for reinforcing steel
m is the total load from quasi-permanent combination
nis the total load from ULS combination
Ay req is the arza of reinforcement at the ULS
As pray is the area of reinforcement provided

& is the ratio of redistributed moment to elastic moment

Crack control

Crack widths should be limited to ensure appearance
and durability are satisfactory.In the absence of specific
durability requirements (e.g. water tightness) the crack
widths in reinforced members may be limited to 0.3 mm
in all exposure classes under the quasi-permanent
combination. In the absence of requirements for
appearance, this limit may be relaxed (to say 0.4 mm) for
exposure classes X0 and XC1 (refer to Table 7). The
theoretical size of the crack can be calculated using the
expressions given in Cl 7.3.4 from Eurocode 2—1-1 or
from the ‘deemed to satisfy’ requirements that can be
obtained from Table 11, which is based on tables 7.2N
and 7.3N of the Eurocode. The limits apply to either the
bar size or the bar spacing, not both.

Figure 5

Examples of the effect of geometric imperfections

a) Bracing system b) Floor diaphragm ¢} Roof diaphragm

Figure 6
Determination of steel stress for crack width control

320

280

260

240

220

Unmodified steel stress, oy,

1.0 20 30 4.0
Ratio Gi/Q\

o =08, y,= 135 Yo =085, 7, =125

Yo = 0.6, yy = 1.35 1,"2=0.3-,;H,s='|.25
—— 4y =03,y,=135 ¥ =02, 7, = 1.25
Wy = 0.2, :'18 =135

To determine stress in the reinforcement (o), calculate the ratio G/ Qy,
read up the graph to the appropriate curve and read across to determine g,

o, can be calculated from the expression: o, = ?ﬂ] [%]
5, prov
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