INTERNATIONAL ISO
STANDARD 22111

First edition
2007-11-15

Bases for design of structures — General
requirements

Bases du calcul des constructions < Exigences générales

e Reference number
= — ISO 22111:2007(E)

© SO 2007


https://standardsiso.com/api/?name=869600da6ca87ac52c560a0984fbcbac

ISO 22111:2007(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2007

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © IS0 2007 — All rights reserved


https://standardsiso.com/api/?name=869600da6ca87ac52c560a0984fbcbac

ISO 22111:2007(E)

Contents Page
[0 T =312 oY (o iv
R0 o 11 e 4 oY v
1 T o - PSSP 1
2 NOIrMAtIVe refEr@NCeS .......cciiiiiiieeeciiiiirirreee s rsss s re s e e sssas s e rsssnssssssseeressnnnnssnnsnseeheahunnnnsssssrenenns 1
3 Terms and definitioNs.......c.ceuuiiiiiiiiie s sssa e e s sssnasssssseeea@Enbathessesheesennnnnnssnnens 1
4 SYMDOIS ...t s e nn e e e e se s s nmnne e e nenennnsnnnnshees Shesnssnnnnneahesssssnnnneeneees 5
5 72X oY o [ o7 11 e o 1 . N S 7
6 Basic requirements for structural performance............ccoocmvrriirecccsfeh s e, 7
7 Classification of structures and elements of structures............. 5 e rricrccccnrreee b, 7
8 7 o3 o o S 0 S 8
8.1 (€= 0 1= - 1 [ Y S 8
8.2 Evaluation of values of aCtions ... e eess e ssssessemssssesshss e snnnnssnnnnas 8
8.3 Permanent aCtioNS ... ieiirress s resns et he s s esms s sasnsssssensssssannssssenssssrennssnsenshasssrennssnnnnnas 8
8.4 R T =1 o [=X= 1 1 oY o 1= S S 8
8.5 /A XeT 3 o [=Y 1 1 I= T3 1 o ] o T3 7 O S 9
9 (02¢Y0 41 o112 F= 140 Y g E3 ) - o3 { Lo o 1= U ER 9
9.1 (€T =Y 1= - P Y S 9
9.2 Ultimate limit States ......ccuuiiiieiiiii e e rrr e re e rr s s s re e s n e s nn s e s a e e e nna s rennnssrennsssrerahussrrennnnrrnnen 9
9.21 Srength .o K e s e e e e s e annne e e ee s nnmneh e e e e snansnnnnnne 9
9.2.2( Static eqUIlIDIUM........oc e et sssmr e s e e s s s ssnmn e e e e sesss s snmnneeesessahmesenenesnnannn 10
9.3 Serviceability limit states......,cii b ——— 10
9.4 Formats for presentation of design values for leading and accompanying actions.. |............... 10
10 Analysis and testing ... i e mnn e e e hee e e e e 11
10.1 N T 1)Y= L= PR N 11
10.2 L= 11 T PR S 11
1 Demonstrating.compliance with requirements ...........cccociiiiiiiiciiirrccccerreeeeesee e 1
1.1 L€ L= 1= = | Y SO 1
11.2 Ultimate lImL/State ........cccuiiieieii i rr s rs s e e e e s s s e s na s e s n s e remansrennnsssrsnnsseneshunsnrennnnnrren 12
72 (T =Y 3 T | O S P SSRRTPPRRRR! SRR 12
11.2.2 Static@qUilibrium.........cooo e ser e ssnne e e e se s s nnnnens s s smnn e e e e e nas 12
11.3 2o ¢ 15 F=3 1= == SO 12
114 SerViceability ...ccccoii e s nn e s amn e e e e e e ses s s nmneneeesh s sannnenenenas 13
1.5 [ CDUIADITILY ....ooeiieeeieiiicirir s s rsssn e ssssne e essssnr e e s sns e s sssns e e sasnneenassnnsenassnsnenassnsnensnssnenanssheenssssnnenannn 13
Annex A (informative) Guidance for adopting groups .........coocccceiirmiiiiiiicccrerr e mn e 14
Annex B (informative) Formats for presentation of design values for use in combinations of

P o3 o o 1 17
Annex C (informative) Calibration of design values.........cccoo i 21
Annex D (informative) DeSign ProCedUre..........cccciiiiuiiiiiiiiirinerr e s an e 22
L= 0] [T'o o - o] 172 23
© IS0 2007 — All rights reserved iii


https://standardsiso.com/api/?name=869600da6ca87ac52c560a0984fbcbac

ISO 22111:2007(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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Introduction

This International Standard incorporates the general principles of structural design set out in ISO 2394. It
covers the partial factors method, and 1ISO 2394 should be consulted for other methods.

This International Standard is relevant to the design of any structure, and as with all standards, a degree of

judgempnt shaould be used in the normal course of pnginppring

It hap been drafted with wording and format suitable for direct use by practising enginee

's when the
Is standards
International

the National

with its own

nparability of
psigners and

ments in an

oups for ISO

apprgpriate levels of safety have been chosen, and the relevant national loading and‘materic

refergnced by National Authorities. It is a template intended to facilitate the widespread use of

Standlards.

The Innexes give guidance on adoption of this International Standard but need-not be included in

Standlard.

This |nternational Standard has the following aims.

a) To facilitate international practice in structural design.

b) To obtain international standardization of the process*for setting up rules for structural gesign, while
Illowing each economy to specify its own levels of .structural performance, in accordance

eeds.

c) To provide a means of promoting commonality, interchangeability, consistency and corn
structural standards developed by different economies. Regulators, standards writers, d
academics could then adopt such standards with confidence in their international acceptance.

d) To encourage regulatory authorities)'in each country to describe their mandatory require
internationally agreed format.

e) To facilitate future coordination between the various specialist subcommittees and working g
structural Standards.

f)  To create transparency in the process of comparison of National Standards.

© 1SO 2007 — All rights reserved
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INTERNATIONAL STANDARD 1ISO 22111:2007(E)

Bases for design of structures — General requirements

1 Scope

This
indus
This
up th
ISO 1

To a
quan

2

International Standard specifies the general requirements for the structural design cof \Quildings and
trial and civil engineering structures using reliability-based concepts.

nternational Standard is applicable to the design of complete structures, the structural elements making
e structure and the foundation. Information on the assessment of existing structureq is given in
3822.

low for the differences in design practice between different countries, certain parameters are left to be
ified by national building codes or standards.

ormative references

The following referenced documents are indispensable (for the application of this document. For dated

refer
docu

ISO 7

ISO

ISO 8930:1987, General principles on-reliability for structures — List of equivalent terms

ISO 1

3

Terms and definitions

nces, only the edition cited applies. For undated references, the latest edition of thg¢ referenced
ment (including any amendments) applies.

394:1998, General principles on reliability for structures

898:1997, Bases for design of structures — Notations — General symbols

3822:2001, Bases for design/of structures — Assessment of existing structures

For the purposes.of this document, the terms and definitions given in ISO 8930 and the following ppply.

3.1
accid
actio

ental\action
N that'is unlikely to occur with a significant value on a given structure over a given reference period

NOTE Adapted from ISO 8930:1987.

3.2
acco
for a

mpanying action
particular combination of actions, an action taken as being at a reduced value with respect to its

maximum extreme design value

3.3

characteristic value of an action
principal representative value of an action

NOTE 1 Adapted from ISO 8930:1987.

©I1SO

2007 — Al rights reserved 1
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NOTE 2 It is chosen

a) either, when a statistical basis is available, so that it can be considered to have a prescribed probability of not being
exceeded (towards unfavourable values) during a reference period, or

b) on acquired experience, or

c) on physical constraints.

3.4

combination value of a variable action

value chosen, insofar as it can be determined on a statistical basis, so that the probability that the effects
caused by the combination will be exceeded is approximately the same as by the characteristic value of an
individual action

NOTE 1 It nay be expressed as a certain part of the characteristic value by using a factor v < 1,0.
NOTE 2  Adapted from ISO 8930:1987.

35
deformability
deformability|is the capacity to resist displacement-based actions

NOTE Examples of displacement-based actions are indirect actions such as seismiic ground motions, diffefential
settlement and volume changes in structural materials.

3.6
design situdtion
set of conditipns under which the design is required to demonstrate,that relevant limit states are not excgeded
during a spegific time interval

NOTE Adapted from ISO 2394:1998.

3.7
design worKing life
duration of the period during which a structure ora-structural element, when designed, is assumed to pefform
for its intendg¢d purpose with expected maintenance but without major repair being necessary

NOTE Adapted from 1ISO 2394:1998.

3.8
direct actior
set of concentrated or distributed\forces acting on the structure

[ISO 8930:1987]

3.9

durability
ability of a stfucture or a structural element to maintain adequate performance for a given time under expcted
actions and ¢nvironmental influences

3.10
dynamic action
action which causes significant accelerations of the structure or structural members

[ISO 8930:1987]

3.1

fixed action

action which has a fixed distribution on a structure, such as its magnitude and direction, determined
unambiguously for the whole structure when determined at one point on the structure

NOTE Adapted from ISO 8930:1987.

2 © 1SO 2007 — All rights reserved
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3.12
free action
action which may have any distribution in space over the structure, within certain limits

[1SO 8930:1987]

3.13

frequent value of a variable action

value determined, insofar as it can be determined on a statistical basis, so that either the total time, within the
reference period, during which it is exceeded is only a small part of the reference period, or the frequency of it
being exceeded is limited to a given value

NOTH 1 It may be expressed as a determined part of the characteristic value by using a factor y; < 140.

NOTHB 2  Adapted from ISO 8930:1987.

3.14
indirect action
set of deformations or accelerations imposed on a structure or constrained within'it

NOTH Adapted from ISO 8930:1987.

3.15
leading action
for a particular combination of actions, the action that is taken to be at its maximum extreme design value

3.16
limit |states
stateg beyond which a structure no longer satisfies the design requirements

[1SO B930:1987]

NOTE These boundaries between desired, and undesired performance of the structure are oftep represented
mathgmatically by “limit-state functions”.

317
maintenance
total |set of activities performed )during the design working life of a structure to enable it| to fulfil the
requirements for reliability

[1SO P394:1998]

3.18
occupancy action
variaple actioniimposed on the structure due to the intended use or occupancy of the structure

3.19
partial-factors format
calculation format in which allowance is made for the uncertainfies and variabilities assigned to the basic
variables by means of representative values, partial factors and, if relevant, additive quantities

[ISO 2394:1998]

NOTE The load and resistance factor format is a version of the partial factor format.

3.20

permanent action

action which is likely to act throughout a given reference period of time, and for which the variation in
magnitude with time around its mean value is negligible, or for which the variation is monotonic (i.e. always in
the same direction) until the action attains a certain limiting value

NOTE Adapted from ISO 8930:1987.

© 1SO 2007 — All rights reserved 3
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quasi-permanent value of a variable action
value determined so that the total period of time for which it is exceeded is a large fraction of the reference

period

NOTE 1
NOTE 2

3.22

It may be expressed as a determined part of the characteristic value by using a factor y, < 1,0.

Adapted from ISO 8930:1987.

reference period

chosen perio

d of time that is used as a basis for assessing the design value of variable or accidental a

tions

or both

NOTE Ad

3.23
reliability

ability of a structure or structural element to fulfil the specified requirements, including-the/design workin

for which it h

[ISO 2394:14

3.24

apted from ISO 8930:1987.

bs been designed

98]

representative value of an action

value assign

NOTE1  Ad

NOTE2 It

3.25

robustness
ability of a st
errors, witho
NOTE 1 Ad

NOTEZ2 R

3.26
strength
ability of a cr|

EXAMPLES

3.27
serviceabilit

bd to the action for a specific purpose
apted from ISO 8930:1987.

ban be used, for instance, for the verification of a limjt;state.

ructure (or part of it) to withstand eventis (like fire, explosion, impact) or consequences of h
It being damaged to an extent disproportionate to the original cause

apted from ISO 2394:1998.

bustness is sometimes referred to as structural integrity.

bss-section or-an/element of a structure to withstand actions without mechanical failure

Bending strength, buckling strength, tension strength.

ydimit states

 life,

iman

states corresponding—to—conditions—beyond—which—spectified—serviceabitity Tequirements—for a—struct

structural ele
NOTE 1

NOTE 2
maintenance.

3.28

ment are no longer met

Adapted from I1ISO 2394:1998.

static action
action that does not cause significant acceleration of a structure or a structural element

NOTE

Adapted from ISO 8930:1987.

e or

They are related to the user's comfort, function of the structure or element, risk of deterioration, or intended

© 1SO 2007 — All rights reserved
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3.29
structural model
idealization of the structural system used for the purposes of analysis, design and verification

[EN 1990:2002]
3.30
ultimate limit states

states associated with collapse, or with other similar forms of structural failure

NOTE They generally correspond to the maximum load-carrying resistance of a structure or structural element but in

somecases-to-the-maximum gppllr\ghln strain-or-deformation-

[ISO R394:1998]
3.31
variable action
action for which the variation in magnitude with time is neither negligible in relation to the mepn value nor
monqtonic

NOTH Adapted from ISO 8930:1987.

4 Symbols

The gymbols used in this International Standard follow the guidelines given in ISO 3898 and ISO P394.

A: accidental action

Ay design value of a leading accidental action (see Annex B)

Cy: serviceability limit; see Equation (5)

Eg: design-action effect

Eq debtab design effect of destabilising actions

Eq stap: design effect of stabilising actions

F: action4n general

F;, Fj various actions

G: permanent action

G permanent action for a particular combination

G stab: the component of the permanent action that is relied upon to stabilise the structure (see 9.2.2)
Gy characteristic value of permanent action (see Annex B)

Gyit characteristic permanent action for a particular combination (see 9.2.1)
G inf- lower characteristic value of permanent action (see Annex B)

Gl sup’ higher characteristic value of permanent action (see Annex B)

© 1SO 2007 — All rights reserved 5
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B B B B

Ya,i-

¥

¥

Ym:
YGi,stab-
YGj,inf-
7Gj,sup*
76 1Gir
Yoi-
Y01
2%

Yo-

¥

Yo
Y2,1-

W i-

variable action

characteristic value of a variable action in a combination
characteristic value of a leading variable action (see 9.2.1)
characteristic value of an accompanying variable action (see 9.2.1)

design resistance

A T otan £ 4+ " $roimin laraant L o)
ucolyll rCololdadlive Ur uaire IUOtIGIIIIIIy CICITICTINO \II II_Y}
reliability index (beta)

values of reliability index appropriate to various consequence levels

partial factor (gamma)

factor applied to the characteristic action to determine the accompanying action (see B.2
partial factor of the accompanying variable action

partial factor for leading variable or accidental action

partial material factor

the load factor for the permanent action thatis relied upon to stabilise the structure
factor for the lower combination value-of a permanent action (see Annex B)

factor for the higher combination value of a permanent action (see Annex B)
partial factors for varigus-permanent actions

factor for combination value of an accompanying variable action (see Annex B)
factor for gombination value of a leading variable action (see Annex B)

factorfor combination value of a particular action (psi)

factor for combination of a variable action

factor for frequent value of a variable action (see Annex B)

factor for quasi-permanent value of a variable action (see Annex B)

factor for quasi-permanent value of a leading variable action (see Annex B)

factor for quasi-permanent value of an accompanying variable action (see Annex B)

resistance factor

reduction factor for unfavourable permanent actions (see B.1)

© 1SO 2007 — All rights reserved
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5 Application

When this International Standard is used to develop a National Standard, appropriate values for those factors
not specified shall be determined in accordance with ISO 2394 using the appropriate International and
National Standards, which shall be mutually consistent.

NOTE Guidance on the application of this International Standard is given in Annexes A to D.

6 Basic requirements for structural performance

mainjained in such a way that during construction and for its design working life it will,(with appropriate

A depign working life shall be selected for the structure. The structure shall be designed, corlstructed and
degrges of reliability, sustain all actions and influences likely to occur. It shall be designedwith th¢ following:

a) wltimate limit-state requirements: to withstand extreme or frequently repeated actions, or bgth, occurring
dluring its construction and anticipated use;

b) ;lf)bustness requirements: so that it will not be damaged to an extent dispreportionate to the griginal cause,
y events like fire, explosion or impact or as a consequence of human error;

c) $serviceability requirements: to perform adequately under all expgeted actions;

d) Qurability requirements: to satisfy all of the above for its design working life, given| appropriate
aintenance.

Compliance with these requirements shall be demonstrated by verifying that the structure and|its elements
satisfly a specified set of limit-state conditions in accordance with the principles of Clause 11.
7 lassification of structures and elements of structures

Strugtures and elements of structures shall be classified according to Table 1.

For the purposes of demonstrating compliance under 11.2, structures shall be classified|in terms of
consg¢quences of failure in accordance with Table 1.

Table?? — Classification of structures and elements of structures

Cpnsequence Consequences of
a . b Comments
class failure

| Low Low consequence for loss of human life, or small pr moderate
economic, social or environmental consequences

I Ordinary Medium consequence for loss of human life, or considera?le economic,
SOCat oT enviTormTentat COTSEqUETTTES

m High High consequence for loss of human life, or very great economic, social

9 or environmental consequences

\% Exceptional Circumstances where reliability must be set on a case-by-case basis

@  Examples of structures that fit into these classes are to be given in the annex of the adopting group or stated elsewhere (see

Annex C).

b Tolife orto society.

© 1SO 2007 — All rights reserved 7
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8 Actions

8.1 General

All physical conditions likely to affect the performance of the structure shall be considered.

8.2 Evaluation of values of actions
Actions shall be evaluated in accordance with the following:

a) the nature-efthe-action{including-whetherfixed-orfreestati

roavmarain A A fenn Ay A A A Frerege):
oy oo e qutTy o octurcm ,

P
[©)

b) the condequence class;

c) the design working life of the structure.

8.3 Permanent actions

Permanent actions (G) include, but are not limited to, the following:

a) self-weight of the structure (except possibly certain parts during certain phases of construction);
b) weight of superstructures, including any permanent formwork or fixtures;

c) forces applied by static earth pressure, resulting from the mass>of the soil;

d) deformations imposed by the construction sequence of the\structure;

e) action rgsulting from shrinkage of concrete and from welding;

f) action dye to fluids, where permanent;

g) action dlie to subsidence (support settlements and mining);

h) pre-stregsing action.

NOTE Information on permanent actions is given in the relevant International Standards, e.g. ISO 9194.
8.4 Variable actions

Variable actipns (Q) inelude, but are not limited to, the following:

a) action imposed-due to use and occupancy action;
b) wind acrIcn;

c) snow action;

d) seismic action;

NOTE 1 Seismic action can be categorised as accidental action if so designated in the national building code or
standard.

e) action due to ponding of water;

f)  action due to fluids, where variable;

8 © 1SO 2007 — All rights reserved
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g) action due to forces and effects arising from contraction or expansion resulting from temperature changes,
moisture changes, creep, and from movement due to differential settlement;

h) ice action;
i) action due to currents;
j)  action due to waves;

k) action due to moving loads and their effects;

4 'H [ e e 4
|) qreton applitallc U a SPTUIIL Situatiurt.

NOTH 2 Information on variable actions is given in the relevant International Standards, e.g, ISQ°21/03, ISO 2633,
1ISO 3010, ISO 4354, 1ISO 4355, 1ISO 12494.

8.5 | Accidental actions

Accidental actions (4) include, but are not limited to, the following:
a) action due to fire;

b) action due to explosion;

c) action due to collision;

d) geismic action;

NOTH 1 Seismic action can be categorised as variable action if so designated in the national building code or standard.
e) action due to vegetation;

f)  action due to erosion;

g) 4ction applicable to a specific‘accidental situation.

NOTH 2  Accidental actions are-not normally assessed unless specifically applicable.
NOTH 3  For fire action, the structural performance is defined in terms of the structural resistance for a required period

of timg, while the structuré.is under the effects of fire and other actions.

9 Combinations of actions

9.1 | General

Actions shall be considered to act in the following combinations, whichever produces the most unfavourable
effect in the structure, foundation or structural element being considered. Effects of one or more variable
actions not acting shall be considered, if they produce more unfavourable effects.

9.2 Ultimate limit states

9.2.1 Strength

The design-action effects (E4), for examining strength (and deformation, where applicable) shall be
determined by combining the values of uncorrelated actions, both unfavourable and favourable, that are

© 1SO 2007 — All rights reserved 9
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considered to occur simultaneously. Sufficient combinations shall be made to evaluate all realistic limit-state

conditions. E

ach combination of actions shall include the following:

a) all permanent actions X (y;; Gy ;);

b)

c)

the design value of one leading variable or accidental action (y, 4 Oy 1);

the design combination values of accompanying variable actions Z (y; ; Q,ﬂi).

E4 may be expressed as a combination as follows:

{2(701

NOTE 1 Fq

NOTE2 W,
accompanying

9.2.2 Statig

The design-4
the stabilisin

a) The stah

Gk,,»);(ﬂfj Qk,1); 2w Qk"')}

r correlated actions (e.g. storm surge and wind), there can be more than one leading action.

hen the combination includes an accidental action, the design combination valGes“for permaner]
variable actions can be adjusted.

L equilibrium

ction effects for examining sliding, overturning and uplift shallé separated into two compor
) action effects £y 45, and the destabilising action effects £y 4etqp as follows:

ilising action effects (£ 4,,,) Shall be determined by cembining those design values of perm

actions fhat can be relied on to stabilize the structure at all tifies, i.e.

i Z (7Gi,stab Gki,stab) (7Gi,stab < 1’0)

is the component of the permanent action that is relied upon to stabilise the structure;
is the corresponding load factor.

tabilising action effects (£ yestap) Shall be determined by combining those values of action
5e the structure oceurring in the combinations given in 9.2.1.

i¢eability limit-states

Eq stab
where
Gki,stab
VGi,stab
a) The des
destabili
9.3 Servic
Distinction s

all be .made of the effects of characteristic values, frequent values and quasi-permanent v

(1)

t and

ents;

Bnent

()

5 that

Blues

The design value for a leading or accompanying action can be described using a characteristic value for the

action and th

e factors y and &, as appropriate.

For some actions from natural phenomena, the characteristic value for adoption in an ultimate limit state may
be determined for an event having a factor of 1,0 (see Annex B).

Each permanent action shall have a number of values, including a favourable value and an unfavourable
value. These can be expressed by using a characteristic value in association with partial factors (> 1,0 for an
unfavourable value, y< 1,0 for a favourable value).

10
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Each variable action may have a number of values, including a leading value and accompanying values. For
variable actions that can be statistically assessed (such as environmental actions), the values can be
expressed in terms of annual probabilities of exceedance (i.e. the inverse of the average return period).

NOTE Guidance on formats for presentation of design values for use in combinations is given in Annex

10 Analysis and testing

10.1

Analysis

B.

Analy
acce

For

relati
defor
of the

When dynamic actions are specified as equivalent static actions, the dynamic aspects of act

cons
to thq

For d
and
may

sis shall be based on a calculation model of a structure that can predict the structural beha
ptable level of accuracy appropriate to the requirements under consideration.

static analysis, structural models shall be based on an adequate choice of 'the force
bnship of the elements and their connections, and between the elements and the groun
mations and displacements shall be taken into account, if they result in a significant increase
action or reduction in capacity.

dered either by including them in the static values or by applying eduivalent dynamic amplifi
static actions.

ynamic analysis, structural models shall be based on relevant properties, such as masse
Jamping characteristics of structural and relevant nontstructural components. The structu
be determined using modal analysis, time histories or any other appropriate method.

iour, with an

-deformation
d. Effects of
of the effect

ons shall be
cation factors

5, stiffnesses
ral response

The geometrical quantities used in the computation generally refer to nominal values (i.e. the vglues given in
the drawings, etc.). Where the structural behaviour-is’sensitive to imperfections (e.g. deviations ffom intended
geonjetry such as geometrical tolerances), the allowable deviations for the execution of wgrks shall be
considered.

10.2| Testing

The design may be based on a combination of tests and calculations.

Testihg may be used in thefollowing circumstances:

a) if adequate calculation models are not available;

b) for prototype.testing (if a large number of similar components are to be used);

c) tp confirmrdssumptions made in the design.

DesignCassisted by testing shall achieve the same level of reliability required for the relevant design condition.
Stati;t;bdi UllbUl_td;llty UIUU tU d “lllitcd IIUIIIL)UI Uf tUDtb Illubt ;JU td;\Ull ;IItU dbquIIt.

11 Demonstrating compliance with requirements

11.1

General

All relevant limit states and all combinations of actions shall be considered in the design. Compliance with the
basic requirements of this International Standard shall be demonstrated.

©I1SO

2007 — All rights reserved
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11.2 Ultimate limit state

11.2.1 Strength

When considering collapse, rupture or excessive deformation of a structure, element or connection, it shall be
demonstrated that, during construction and throughout the design working life of the structure, the following
expression is satisfied:

Ry > Eq
where
Ry isth
Ey isth

The design sfrength shall be determined with appropriate allowance for the following:

a) the unce
b) variation
c) thechar
d) the degr
11.2.2 Stati
When consi
construction
Ed,stab+
where
Ed,stab
RS
Ed,destab

11.3 Robustness

Compliance
of the followi

e design strength;

e design-action effect.

rtainties resulting from construction activities;

in material properties;

hcteristics of the site;

ee of accuracy inherent in the methods used to assess structural behaviour.
L equilibrium

lering instability due to overturning, uplift and-sliding, it shall be demonstrated that, @
and throughout the design working life of the.structure, the following expression is satisfied:

Rs = Ed,destab

is the the design effect of stabilising actions which can be relied upon;
is the design strength, of the restraining elements (if any);

is the design effect of destabilising actions.

Wwith therobustness requirement shall be demonstrated by an appropriate choice of one or
Ng:

a) avoiding
b)

c)

element
d) avoiding
e)

f)

12

, eliminating or reducing the hazards to which the structure can be subjected;

selecting a structural form which has low sensitivity to the hazards considered;

or a limited part of the structure, or the occurrence of acceptable localised damage;

, as far as possible, structural systems that can collapse without warning;

tying the structural elements together;

providing additional strength.

@)

uring

(4)

more

selecting a structural form and design that can survive adequately the accidental removal of an individual

© 1SO 2007 — All rights reserved
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Appropriate serviceability criteria representing structural responses shall be chosen for demonstrating
compliance with serviceability requirements. The serviceability criterion shall take into account whether the
serviceability limit state is reversible or irreversible.

When considering serviceability limit states, it shall be verified that:

),

11.5

The ¢
use d

The
envir
the s

Dura
expe
struc

The gctual service life of an element due to material deterioration may be estimated on the basis

or ex

NOTH

curremtly being prepared, might also be relevant.

b4 is the design-action effect.

design working life of an element shall be selected depehdihg on a number of factg

4 Is the serviceability limit;

Durability

urability of the structure and structural elements in their environment shall be such that they
uring their design working lives, given appropriate maintenance.

bnmental conditions, consequences of failure, accessibility, life-cycle cost, and the design v
ructure.

ility shall be secured by either a maintenance programme or, in those cases when the st

ure in those cases when the structure is not expected to be subjected to maintenance.

berimental investigation and experience!

For more specific methods for ‘assessing and achieving durability, see 1SO 15686 and 1SO 1

(®)

remain fit for

rs, including
orking life of

ucture is not

cted to be subjected to maintenance by design, such that deterioration will not lead to the [failure of the

of theoretical

8823, which is
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Annex A
(informative)

Guidance for adopting groups

A.1 General

This Annex

ives further information on issues to be considered by a national group during adoption\af this

International|Standard. A number of clauses have been left open so that authorities in control of constriction

can set valu
be adopted f
use.

A.2 Proce

A.2.1 Geng¢ral

The adopting
Standard mg
values to eng
group and m

It is intended
gives the neq

The adoptior
used with it.

Where wind

s and requirements appropriate to their particular condition. It is expected that the.'standand will
y the addition of a national annex or annexes setting out the additional informatien necessary for

ss for adoption

group will use this International Standard as a template:The intention is that this International
y be directly used for design and, therefore, the adopted standard must contain all necegsary
ble the design of structures to be carried out. This Anfiex is provided as guidance to the adgpting
by be removed along with the other informative Annexes, as users do not need them.

that the standard be adopted with the addition‘ef an annex (provided by the adopting group)) that
essary values for use in design.

should take into account the national;conditions and the loading and design documents [to be
These national documents will be referred to in the adopted standard.

actions are expressed inwterms of velocity then this International Standard allowp for

environmental actions (e.g. strong winds) to be expressed by the adopting authorities in some regions, gs an

ultimate limit
the action fo
power 2 or 3

The adopted
research or

documentatipn to the\satisfaction of the authority approving the structure.

Lstate design event (with‘a’/partial factor = 1,0), so as to account for the differing non-lineafity of
different structural responses. (Response loads may increase with respect to wind speed, {o the
depending on the. sfructure.)

standard shguld’provide for alternative paths to compliance through the use of basic prindiples,
testing to_prove reliability (see 1SO 2394). Such alternatives would need to be supportg¢d by

A.2.2 Clasisification of structures and elements

The adopting group should elaborate further on the kinds of structure applicable to each class. Annex C gives

guidance on

A.2.3 Appl

calibration for different consequence classes.

icable actions

The types and means of specifying of actions need to be stated, in order for the user to be clear about what
actions must be considered in the design. While most adopting groups will be able to reference national
documents for most major actions, there may be little or no information that can be specifically stated for some

actions. The

refore, the list of actions and the referenced documents may be modified as needed by the

adopting group.

14
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It is important that the variables used as the means of specifying each action should be the same as that
given in the corresponding International Standard, if available (see the Bibliography for a list of relevant
International Standards).

In the context of this International Standard, accidental actions can be considered as rare events. In some
environments, particular actions may be considered to be accidental rather than variable.

In some situations, wind actions may include the effect of wind-borne debris on building envelopes and thus

on internal pressure.

A.2.4 Combinations of actions

It is

meth

If formnat A is used for presenting load combinations (see B.1), further guidance canbe found in E

If fo

Australia/New Zealand, Canada, etc. may be used as examples.

A.2.}

It ma
earth

It ma
calcu
ensu
the a

A.2.6 Demonstrating compliance with' requirements

expected that the adopting group will insert a set of combinations that are appropri

Dds).

mat B is used for presenting load combinations (see B.2),

b Analysis and testing

y be necessary to specify accepted methods for analysis, particularly for dynamic acti
quakes and wind.

y also be necessary to specify the conditions for the acceptance of testing as a s
lations. Various methods are available for treating‘the uncertainty due to a limited number o
e the reliability level of design using test data,~e.g. ISO 2394. These may also need to be
Hopting group.

.1 Strength

¢ are alternative methods'for specifying the strength of a structure. The two most common m

given the

rials design

consfruction conditions and the other design information to be used (e.g. load data and-ma

N 1990.

load- \specifications from the USA,

bns such as

pplement to
f tests and to
specified by

ethods are

structure or
e defined by

A.2.6.2 Static equilibrium

When considering sliding, overturning and uplift, the following applies.

a) Permanent actions contributing to stabilising effects should be limited to permanent actions that cannot
be removed from the structure and they should have load factors less than 1,0, while all permanent
actions contributing to destabilising effects should be included and they should have load factors greater
than 1,0.

b) Variable actions contributing to stabilising effects should be excluded, while all variable actions
contributing to destabilising effects should be included in combinations, as given in 9.2.1.
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A.2.6.3 Robustness

Additional measures for robustness may be introduced by the adopting group, such as minimum lateral
strength for elements and connections, minimum sizes or other quantifiable measures such as limiting the
area of damage, etc. Tying the structure together could include consideration of the transmission of forces in
both the horizontal and vertical directions.

A.2.6.4 Serviceability

The adopting group needs to be clear on its specification of serviceability criteria (actions and associated
response limits) and may or may not determine this criterion to be normative. Lists of acceptable serviceability
criteria that &re material-independent should be established In the national standard as eirher normatjve or
informative dquidance. Serviceability criteria that are material-dependent should be provided in the appropriate
design document for the specific material.

A.2.6.5 Durability

The performaince of the structure should ensure reliability throughout its design working life. Durability cfiteria
may or may not be considered as normative and the adopting group needs tobe clear on this |in its
specification| Since the method of design for durability is normally material-dependent, details for compljance
should be esfablished in the appropriate design document for the specific material.
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Formats for presentation of design values for use in

combinations of actions

11:2007(E)

B.1 [Format A
Design situations are classified as normal and accidental. Combinations of actions can be'expressed in table
form|see Tables B.1 and B.2. In Table B.1, Method 1 or Method 2 (applying both Expressions A and B) can
be uged.
NOTH An example of this format can be found in EN 1990.
Table B.1 — Action combinations for ultimatecimit states
Permanent Leading Accompanying variable
variable -
Design situation ) action acfion
Unfavourable Favourable Main Other, =
Strength
Method 1 765,supCligaiib 76;,intC,inf 70,191 70i%0%ri
[1,39] [1,0] [1,9] [1,5x0,7]
Nornjal ) Ye;j,supCl.sup 76;,intC,inf 70,1 %091 70i%0%ri
(persjistent Expression A 1 35] 0]
i , , [1,5%x0,7] [1,5x0,7]
and transient) Method 2
X §VG;,squk/,sup VG;,infG/g',inf 7Q,1Qk,1 7Qil//0Qk,1
Expression B
[0,85 x 1,35] [1,0] [1,5] [1,5 % 0,7]
1191 OF
A ¥2Qk1
Accidental Gy sup Gyjinf Ay V2,191 l
0,3
[1.5] 03]
76j,sup T 761,intOl.i 7019, Y0i%0%% 1
Statik equilibrium Gj:supjsup Ginf™ A inf 01%k1 0:i¥0%k,
[1,1] [0,9] [1,5] [1,5%0,7]
When Methed 2 is used, both Expressions A and B should be used.
NOTE—The Values T brackets are typicar varues Tor Mustrative purposes only of-1oad-action Tactors (7 andZ7)—The combination

values v, w,, and y, vary, dependant on the type of structures and the type of loading.

© 1SO 2007 — All rights reserved
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Table B.2 — Action combinations for serviceability limit states

Permanent ; ; ;
Design situation Leadlng_varlable Acc:ompany_lng
¥ action variable action
z Y AQk
Characteristic LG, O !
[0,7]
ZRRY" DRy
Frequent ZG; '
[0,9] [0,3]
V2,1 Y% 25 9
QLasi-permanent 2G; l
[0,5] [0,3]
NOTE 1 Characteristic values are usually applied in the case of irreversible cases. Frequent values, ar€
uspally applied in the case of reversible cases.
NQTE 2 The yand y values in brackets are for illustrative purposes only.

B.2 Format B

Design situa

Tables B.3 apd B.4.

NOTE

18

TH

is format is consistent with that used in load and resistanee\factor formats.

ions are classified as normal and accidental. The combinations can be expressed as giv

en in
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