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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 non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The preecedures—tsed—to—developth ment-and-these—ntendedfor—its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all su¢h“patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Téchnical Barriers to Trade (TBT), see www.iso
.org fliso/foreword.html.

This|document was prepared by Technical Cemmittee ISO/TC 98, Bases for design of structures,
Subcpmmittee SC 2, Reliability of structures,

This|second edition cancels and replacesthe first edition (ISO 22111:2007), which has been technically
revided. The main change compared to;the previous edition is as follows:

— the document has been made consistent with the latest edition of ISO 2394 (1SO 2394:4015).

Any feedback or questions ofi this document should be directed to the user’s national standpards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This document incorporates the general principles of structural design as set out in ISO 2394. The
general requirements relevant to the design of structures given here are expressed according to the
semi-probabilistic approach as presented in ISO 2394. The general requirements are based on the
premise that sufficient information is available on all aspects that are needed to set target levels of
reliability and for uncertainty representation to be categorized and standardized, to ensure realization
of such reliability through a semi-probabilistic approach. Procedures for deriving semi-probabilistic
requirements and design methods from risk and reliability approaches are provided in I[SO 2394.

The genera o1 ) tettres—and-thematertalindependentresistanee—ogf the
structures grovided in this document are expressed on the basis of related standards for all actiens and
structural mpaterials relevant to the scope of application.

The main dyties for standards organisations in adopting this document are:
— to set tgrget levels of reliability;
— to provide a suitable format and a set of quantitative design parameters;

— to estalylish the relevant standards from which input values for actions and resistance are fo be
obtainef.

Internationgl Standards on actions are referenced here in lieu of standards within the jurisdictipn of
the adopting group.

As this document is an International Standard, its scope represents general consensus for standardized
procedures | for the semi-probabilistic design verification” requirements of structural reliahility.
Thus, this document is intended to promote harmonization of structural design practice. Additjonal
requirements and procedures need to be added to provide for specific types of structures, conditions or
design practice.

This documgnt has the following aims:

— to facilifate international practice inystructural design by expressing the general requirements for
the basis for the design of structures;

— to obtaln international standardization of the process for setting up rules for structural dgsign,
while allowing each econemy’to specify its own levels of structural performance, in accordance
with itsfown needs;

— to provide a means<ofpromoting commonality, interchangeability, consistency and comparability
of strucfural standards developed by different economies, such that regulators, standards wrjters,
designefs and.academics could then adopt such standards with confidence in their internatjonal
acceptahce;

— to encolrage regulatory authorities in each country to describe their mandatory requirements in
an internationally agreed format;

— to facilitate future coordination between the various specialist subcommittees and working groups
for ISO structural standards;

— to create transparency in the process of comparison of national standards for structural design.

Annex A to Annex D provide additional guidance on the adoption of this document and its adaptation to
suit the conditions and requirements of the relevant standardization organisation.

vi © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=4f69083ff276c81c261d7fe6e15ff508

INTERNATIONAL STANDARD

ISO 22111:2019(E)

Bases for design of structures — General requirements

1

Scope

This document provides the requirements for structural design and procedures following a semi-
probabilistic approach that conform to the general principles for structural reliability as stipulated by
ISO 2394. The scope of requirements and procedures are accordingly limited to the design of structures

for which sufficient knowledge and experience are commonly available on design andy¢
practice to ensure that target levels of reliability account for the nature and consequences
failure. Situations outside these limitations are covered by ISO 2394.

The

are groven to achieve sufficient and consistent levels of structural reliability.

This| document relies on standardized procedures for the characterization of the 1
performance of the structures within its scope. Sufficient information-is needed on unc
design variables and models to be able to derive semi-probabilisticdesign measures for v¢
strugtural reliability within the scope of this and the related desigh standards.

2
The

constitutes requirements of this document. For dated references, only the edition cited
unddted references, the latest edition of the referénced document (including any amendme

ISO

For the purposes of this documernt, the following terms and definitions apply.

ISO dnd IEC maintain terminological databases for use in standardization at the following g

3.1

3.1.1
structutre

methods that are included in this document are the semi-probabilistic limit States app

Normative references

following documents are referred to in the text(inf such a way that some or all of t

13823, General principles on the design of'structures for durability

Terms and definitions

ISO Online browsing-platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

Generalterms

onstruction
f structural

roaches that

ad bearing
brtainties of
rification of

heir content
applies. For
hts) applies.

ddresses:

organized combination of connected parts including geotechnical structures designed to provide
resistance (3.3.14) and rigidity against various actions (3.3.1)

[SOURCE: ISO 2394:2015, 2.1.1]

3.1.2

structural performance
qualitative or quantitative representation of the behaviour of a structure (3.1.1) (e.g. load bearing
capacity, stiffness, etc.) related to its safety and serviceability (3.1.6), durability and robustness (3.1.7)

© IS0 2019 - All rights reserved
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3.1.3
reliability

:2019(E)

ability of a structure (3.1.1) or structural member to fulfil the specified requirements, during the service
life, for which it has been designed

Note 1 to entry: Reliability is often expressed in terms of probability.

Note 2 to entry: Reliability covers safety, serviceability, and durability of a structure.

[SOURCE: IS
3.14

0 2394:2015, 2.1.8]

reliability index

substitute fi
normal dist

[SOURCE: IS

3.1.5

structural
ability (of a
including tH
during a spH

[SOURCE: IS

3.1.6

serviceabil
ability of a
expected ac

[SOURCE: IS

3.1.7

robustness
damage ins
(like fire, e
disproporti

[SOURCE: 1
insensitivity
3.2 Term
3.21

Fibution

0 2394:2015, 2.2.22]

safety
structure (3.1.1) or structural member) to avoid exceedance of ultimate limit states (3.]
e effects of specified accidental phenomena, with a specified level of reliability (3]
cified period of time

0 2394:2015, 2.1.9]

ity
structure (3.1.1) or structural member to @erform adequately for normal use undé
tions (3.3.1)

0 2394:2015, 2.1.32]

ensitivity or ability of asstructure (3.1.1) to withstand adverse and unforeseen ey
kplosion, impact) or consequences of human errors without being damaged to an e
bnate to the original cause

50 2394:2015, 2146, modified — “ability of a structure...” is modified to “da
r or ability of a(stiucture ...".]

s related to design and assessment

design situ

htions

br the failure (3.2.7) probability py by B = —¢'1(pf) where @1 is the inverse standardized

.14),
1.3),

er all

vents
Ktent

mage

sets of physical conditions representing a certain time interval for which it shall be demonstrate

relevant limit states (3.2.12) are not exceeded

[SOURCE: IS
3.2.2

0 2394:2015, 2.2.1]

persistent design situation
normal condition of use for the structure (3.1.1)

[SOURCE: IS

0 2394:2015, 2.2.2]

that

© ISO 2019 - All rights reserved
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3.2.3

transient design situation

provisional condition of use or exposure for the structure (3.1.1), for example, during its construction or
repair, representing a time period much shorter than the design service life (3.2.10)

[SOURCE: ISO 2394:2015, 2.2.3, modified — “... design working life...” is modified to “... design service
life ...”]

3.24

accidental design situation

design situation (3.2.1) involving possible exceptional conditions for the structure (3.1.1) in use or
expoptre-incthudingflooding fireexplostontmpact-mat-operationofsystems;ortocatfaityre (3.2.7)

[SOURCE: ISO 2394:2015, 2.2.4]

3.2.5
seismic design situation
design situation (3.2.1) involving the exceptional conditions when the structure (3.1.1) is subject to
seismic event

[SOURCE: ISO 2394:2015, 2.2.5]

3.2.4
basi¢ variable
varigble representing physical quantities which characterize actions (3.3.1) and enyironmental
influpnces, material and soil properties, and geometrical{quantities

[SOURCE: ISO 2394:2015, 2.2.15]

3.2.7
failure
loss pf load-bearing capacity or inadequate-serviceability (3.1.6) of a structure (3.1.1) of structural
mem|?er, or rupture or excessive deformation of the ground, in which the strengths of soi] or rock are
significant in providing resistance (3.3.14")

[SOURCE: ISO 2394:2015, 2.2.6, miodified — “insufficient load-bearing capacity...” is modifi¢d to “loss of
load-bearing capacity...”]

3.2.8
consequence class
categorization of the(eonsequences of structural failure (3.2.7) used to distinguish between structures
(3.1.1), components,and limit states (3.2.12)

[SOURCE: 1SQ2894:2015, 2.1.34, modified — the phrase “used to distinguish between| structures,
comqyonents, ahd limit states” is newly added.]

3.2.
reliability-elass

specific target reliability (3.2.16) against failure (3.2.7), based upon consequence classes (3.2.8) for
structures (3.1.1), structural members and limit states (3.2.12)

3.2.10

design service life

assumed period for which a structure (3.1.1) or a structural member is to be used for its intended
purpose with anticipated maintenance, but without substantial repair being necessary

[SOURCE: ISO 2394:2015, 2.2.16]

© IS0 2019 - All rights reserved 3
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reference period
period of time used as a basis for assessing the design value of variable and/or accidental actions (3.3.5)

[SOURCE: IS

3.2.12
limit state

0 2394:2015, 2.2.31]

state beyond which a structure (3.1.1) no longer satisfies the design criteria

[SOURCE: IS

0 2394:2015, 2.2.7]

3.2.13
serviceabil
limit state (3

[SOURCE: I§
3.2.14

ity limit state
.2.12) concerning the criteria governing the functionalities related to normal usg

0 2394:2015, 2.2.10]

ultimate limit state

limit state (3
[SOURCE: I

3.2.15

irreversibl
limit states (|
exceedance

Note 1 to ent
the actions w

[SOURCE: IS
3.2.16

.2.12) concerning the maximum load-bearing capacity

0 2394:2015, 2.2.8]

e limit states
3.2.12) which will remain permanently exceeded when the actions (3.3.1) which cause
are no longer present

ry: Conversely, reversible limit states are defined“as limit states which will not be exceeded
hich caused the exceedance are no longer present.

0 2394:2015, 2.2.11, modified — a note*to entry has been added.]

target reli
targetreli
reliability (3|
period (3.2.]

[SOURCE: IS

]

bility

bility index

11.3) (index) correspondingto acceptable safety or serviceability (3.1.6) for a given refe
1), which can coincide with the design service life (3.2.10)

0 2394:2015, 2.2.23/modified — “for a given reference period, which can coincide wit

design service life” is newly-added.]

3.2.17

semi-proba
verification
the basic va

bilisticmethod
methed in which allowances made for the uncertainties and variability are assign
riables (3.2.6) by means of representative values, partial factors and, if relevant, add

quantities

d the

when

rence

h the

bd to
itive

Note 1 to entry: Factors may be related to individual random variables or global variables and may be stated as
unitary or partial factors; representative values may be related to service life, the nature of the limit state or
action, or to the target reliability.

© ISO 2019 - All rights reserved
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3.3 Terms related to actions and resistances

3.31

action

assembly of concentrated or distributed forces acting on a structure (3.1.1) (direct actions),
displacements or thermal effects imposed to the structure, or constrained in it; or environmental
influences that can cause changes with time in the material properties or in the dimensions of a
structure

[SOURCE: ISO 2394:2015, 2.3.1, modified — “... that may cause change ...” is modified to “... that can
cause change ...".]

3.3.2
effeqt of action
action effect

result of actions (3.3.1) on a structural member (e.g. internal force, moment, stress, strain) or on the
whole structure (3.1.1) (e.g. deflection, rotation)

[SOURCE: ISO 2394:2015, 2.3.12]

3.3.3
permanent action
action (3.3.1) which is likely to act continuously throughout thedésign service life (3.2.10) ahd for which
varidtions in magnitude with time are small compared with the'fnean value

[SOURCE: ISO 2394:2015, 2.3.3, modified — “... design wrking life...” is modified to “... dejsign service
life .}".]

3.34
variable action
action (3.3.1) which is likely to act during a given design service life (3.2.10) and for which the variation
in magnitude with time is neither negligible nor monotonic

[SOURCE: ISO 2394:2015, 2.3.4, modified — “... design working life...” is modified to “... dejsign service
life .{"]

3.3.5
accidental action
actiop (3.3.1) which is unliKely to occur with a significant value during the design service life (3.2.10) of
the structure (3.1.1)

[SOURCE: ISO 2394:2015, 2.3.5, modified — “... design working life...” is modified to “... defsign service
life .{"]

3.3.4
indiyidual action
singlé-action
action (3.3.1) which can be assumed to be independent in time and space of any other actions on the
structure (3.1.1)

[SOURCE: ISO 2394:2015, 2.3.2]

3.3.7

frequent value

value of action (3.3.1) determined in such a way that either the total time, within a chosen period,
during which it is exceeded is only a given small part of the chosen period of time or the frequency of its
exceedance is limited to a given value

Note 1 to entry: This "frequent value" may be expressed as the characteristic value reduced by a factor ¥;.

© IS0 2019 - All rights reserved 5
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[SOURCE: ISO 2394:2015, 2.3.23, modified — “value determined in such a way...” is modified to “value
of action determined in such a way ...".]

3.3.8
load case

compatible load arrangement, set of deformations, and imperfections considered for a particular

verification
[SOURCE: IS

3.3.9
characteri

of the specific limit state (3.2.12)
0 2394:2015, 2.3.25]

tic value

value of a bd
a prescribed

Note 1 to ent

an uppe

probabiliity of being achieved, during some specific reference period;

anomin
[SOURCE: IS

3.3.10

representa
characterist
permanent

[SOURCE: IS
term in cont

3.3.11
quasi-perm
value of act
which itise

Note 1 to enti

[SOURCE: I§
of action def

3.3.12

load combi
design valug
(3.1.3) ofa §

[SOURCE: IS

sic variable (3.2.6) specified preferably on statistical bases, so it can be consideredg
probability of not being exceeded

Fy: For variable actions, the characteristic value corresponds to either of the following;:

' value with an intended probability of not being exceeded or a lower valié with an intg

1 value, which may be specified in cases where a statistical distribution i$hot known.

0 2394:2015, 2.2.30]

five value
ic value (3.3.9), nominal value, combination value (3:313 ), frequent value (3.3.7), or g
alue (3.3.11) of an action (3.3.1)

0 2394:2015, 2.3.20, modified — the definitiofithas been reworded so that it can replad
ext.]

lanent value

kceeded is of the magnitude half the period
y: This "quasi-permanent ydlue" may be expressed as the characteristic value reduced by a fact

0 2394:2015, 2.3.24{modified — “value determined in such a way...” is modified to “
ermined in such away ...".]

hation
of the different actions (3.3.1) considered simultaneously in the verification of the relia
tructure(3.1.1) for a specific limit state (3.2.12)

02394:2015, 2.3.26]

have

nded

uasi-

e the

ion (3.3.1) determined in such a way that the total time, within a chosen period, dyiring

br ¥,

ralue

bility

3.3.13

combination value
value of action (3.3.1) determined in such a way that the probability of action effect caused by several
combination values being exceeded is approximately the same as the probability of the design value
being exceeded by a single action (3.3.6)

Note 1 to entry: The "combination value" may be expressed as the characteristic value reduced by a factor ¥,

[SOURCE: ISO 2394:2015, 2.3.21, modified — “value determined in such a way...” is modified to “value of

action deter

mined in such a way ...".]

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=4f69083ff276c81c261d7fe6e15ff508

IS0 22111:2019(E)

3.3.14
resistance

ability of structure (3.1.1) (or a part of it) to withstand actions (3.3.1) without failure (3.2.7)

[SOURCE: ISO 2394:2015, 2.1.27]

3.3.15
characteristic value of a material property
priori specified fractile of the statistical distribution of the material property in the relevant supply

4 Qymhnle and abbreviated terms

4.1

The {
defin

4.2

General

ollowing symbols are used in this document. All symbols are based on ISO*2394, whi
es standard notations for structural design.

Latin characters

accidental action

geometrical quantity

vector containing the design values of the geofietry
design value of the permissible serviceability constraint
function determining the effect of actiohs

design value of the effect of actions

design value of destabilizing:actions

design value of stabilizing actions

characteristic valGeyof material property

permanent action

characteristic value of the i-th permanent action G;,
design value of i-th permanent action as factored characteristic value

design value of the i-th permanent action corresponding to annual probability
of exceedance of 1/r

variable action

characteristic values of leading variable action @

Qi (i#])  characteristic values of the i-th accompanying variable action, Q; (i#/)

© ISO

design value of variable actions as factored characteristic values

i-th variable action with r;-year return period value, which corresponds to
the value with 1/r; annual probability of exceedance

resistance

2019 - All rights reserved
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design value of the resistance

characteristic value of the resistance

specified resistance

basic variable at characteristic value (action, material property, geometric dimension)

coefficient of variability of basic variable

4.3 Greek characters

R

X ™ ®
)

Ym

14V

Vs

YR

stgndardized sensitivity factor for actions (E) or resistance (R)
reliability index

reliability index for reference period of n year

partial factor

lodd factors for accompanying variable load

pattial (or load) factor for permanent action G;,

lodd factors for leading variable load

paftial factor for variable action Qj; the value for Ygiis dependent on whether the variable
action is leading or accompanying

paftial factors for material properties [used-in'the partial factor (y,,) method
(for example, EN 1990)]

generalized partial factors for resistanee properties taking account of material, model, and
gepmetric uncertainties

partial factor for model uncertainties of action effects

partial factor for modeluncertainties of resistance (partial factor for resistance)
mean value (of basicyariable)

stgndard deviatien (of basic variable)

stgndard_ deviation of action effects and resistance, respectively

cumulative normal distribution function

resistance (capacity) factor (used for example, in the LRFD format)
factor for determining combination values of actions
factor for determining frequent values of actions

factor for determining quasi-permanent values of actions

© ISO 2019 - All rights reserved
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4.4 Subscripts

d design value

E action effect

i number denoting basic variable (accompanying action)
j number denoting basic variable (leading action)

k characteristic value

n reference period (y) for specifying target reliability

R resistance

5 Fundamental requirements for structural performance

5.1 | General

A structure shall, with appropriate degree of risk and reliability,” fulfil the following performance
requjrements:

— flunction adequately under all expected actions throughout its service life, providing|service and
functionality;

— providereliable safety against extreme and/or frequently repeated and permanentactiohs, as well as
environmental exposures occurring during its-€onstruction, anticipated use, and deconjmissioning;

— Jprovide assurance that degradation of resistance over the service life does not reduce the reliability
or safety or functionality below the acceptable targets;

— provide reliability with respect to damage and its consequences;

— provide sufficient robustnessse as not to suffer severe damage or cascading failure by extraordinary
nd possibly unforeseen events like natural hazards, accidents, or human errors.

Target performance levels)shall be based on the risk-based approach. The appropriate degree of
reliapility shall be judgéd with due regard to the possible consequences of failure, th¢ associated
expense, and the levelDof efforts and procedures necessary to reduce the risk of failure gnd damage.
Whep the consequences of failure and damage are well understood and within normal ranges,
reliapility-basedassessment can be applied to derive target reliabilities.

Design shallaccount for performance throughout the life cycle of the structure. The assessment of other
phasgs in _the life of the structure shall be based on directly related information, such as|considering
consfruetion, operation, inspection, maintenance, decommissioning, life cycle management and the
assessment of existing structures (see ISO 13822).

For the semi-probabilistic approach, uncertainties shall be categorized and standardized, to be
represented through design values and characteristic values together with specified design equations,
load cases, and action combination factors. The characteristic values shall, when relevant, account for
available information relating, for example, to loads and material properties.

The validity of all assumptions underlying decisions concerning structures, e.g. the relevance of and
the uncertainty associated with available knowledge and information, the intended use, the service life,
as well as the environmental and operational loads, should be controlled, ensured and documented.
Alternatively, it should be ensured that the performance of the structures is still adequate despite
possible violations of or deviations from assumptions. Quality management plays a central role for the
performance of structures and shall be completely integrated in the decision-making processes related
to design and assessment of structures.

© IS0 2019 - All rights reserved 9
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The expression of the principles of reliability for structures in standardized requirements is given
below. Procedures based on the requirements are provided in subsequent clauses.

5.2 Design situations

The reliability requirement shall be verified for all relevant design situations related to the structural
design. The design situations shall be sufficiently severe and varied so as to encompass all conditions
that can reasonably be foreseen to occur during the construction and use of the structure. This typically
refers to loading conditions subject to normal operation, extreme environmental loads, and accidental
loads during the different phases of the life of the structure.

and
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Safety shall[be provided through adequate resistance to common actions and accidental events
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these three classes. Failure after an extended time due to degradation of resistariee, o1
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s specified in subsequent clauses.

fthe performance of a structure in design shall be accomplished by comparing the resp
ture to various combinations of actions to limit states where the response changes
o unacceptable.

tance through fracture, crushing, buckling,or yielding of a member or connection W
loss of equilibrium of the structure or part of it considered as a rigid body, instabil
e or part of it, and sudden change of the-assumed structural system to a new system. §
lure for ultimate limit states are defined in terms of collapse of the entire structure
part of it. The exceedance of an {iltimate limit state shall be considered as irreversiblg
e that this occurs causes failure. The ultimate limit state resulting from a single ext
or from a deterioration process over time followed by a (less) extreme action event sh

[y limit states account for loss of intended functionality related to normal use.

s which affect~the efficient use or appearance of structural or non-structural ele
tioning of equipment, excessive vibrations which cause discomfort to people or
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Ly shall be provided by designing to limit response of the structure to comnion actions.
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ign situations, or combinations of various actions that affect the) structure, shall be
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non-structufral elementsor the functioning of equipment, local damage affecting the appearancg
efficacy, or [functional reliability of the structure, and local damage (including cracking) which
reduce the durability of the structure or make the structure unsafe for use. In the cases of permg
local damagecor‘permanent unacceptable deformations, the exceedance of a serviceability limit state
shall be consi as-rreversibleand-the-fi i : i H A aHure—Reversiblelimit
states shall be considered as failure at the first time of exceedance, when the duration of exceedance or
number of occurrences is unacceptable, or combinations of these criteria.

1 can
nent

NOTE In practice, many serviceability requirements are a matter of agreement between owner and designer.
For example, a structure in which the use of an electron microscope is planned will have more stringent vibration
limits than a structure not housing such sensitive equipment.

5.4 Considerations for actions, environmental influences and action combinations

All physical conditions likely to affect the performance of the structure shall be considered. Actions can
be of natural or human origin. Models shall describe the temporal, spatial and directional properties of
the action across the structure. Environmental influences that can cause changes with time in material
properties or structural dimensions should be treated similarly.
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Actions shall be classified in a manner that reflects the main characteristics related to structural
reliability. Representative values of actions shall be specified at characteristic or equivalent levels as
basis for design. Reliability design elements in the form of partial and combination factors shall be
specified as basis for determining design values for actions.

5.5 Considerations for resistance

The probability characteristics of resistance shall take basis in all available knowledge, and the
uncertainty representation shall include all relevant causal and stochastic dependencies, as well as
temporal and spatial variability. Account shall be taken of whether resistance is related to individual
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Considerations for design verification
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e caused by a local failure not to be out of proportion to the initiating event. Th¢
red that structures possess a resistance to cascading failure. A suite of methods
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minimum force levels for gross lateral force resistance and internal load paths and connections

specific local resistance to protect or strengthen vulnerable structural elements, such as the

demonstration, usually through design analysis, that a structure will survive the removal of a

designs to resist specific threats, such as impact of a specific vessel, or explosion of a specific size at
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Alternative formats for design verification that are consistent with the semi-probabilistic approach

are the partial factor design format, load and resistance factor design (LRFD) format and direct specification
of design values in terms of annual probability of exceedance. The equivalence of these formats is presented in

Annex B.

6 Classification for establishing reliability

6.1 Safety consideration

Structures, components and limit states shall be assigned to classes based upon the consequence of

failure of th

For safety
number of p
likely resilig

f buildings (habitable structures), the consequence classification shall account fo
eople at risk of loss of life, directly or indirectly, from failure of the structure, aswell a
nce of the population affected by the building.

For safety of bridges, the consequence classification shall account for the functionmal.capacity an

number of p
available re

For safety o
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in some typ

eople at risk of loss of life, directly or indirectly, from failure of the structure, as well a
Hundancy in the transportation network concerning failure of the bridge.

[ other structures, the consequence classification shall account.for the number of peoj
flife, directly or indirectly, from failure of the structure, and\for structures that are li
e of functional network, the available redundancy in theqetwork.

Ultimate linpit states shall be assigned to consequence classes based upon the nature of the parti

failure.

The likeliho
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NOTE 1 In|
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NOTE2 "Q
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considered a

NOTE 3

NOTE4 A
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fracture, and
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6.2 Servi

od of death or injury for occupants given a failure varies depending on the nature d
nd the limit state, and such variation should be considered in establishing conseqy
hs.

direct threats include, for instance, the loss of function of a hospital in a natural disaster, o
of toxic materials.

ther structures" is a broad catégofy that can include items that are not part of any lifeline, sy
brtising, and structures thatare integral parts of a lifeline, such as power generation or distrib
hmunication facilities, and so on. For some such structures, performance that can otherwi
problem of functionalitysbecomes a hazard to life, for example a vessel storing hazardous matg

Annex C contains examples of such classification.

common schémé for ultimate limit state classification accounts for a distinction between
volve warning; such as yield of a ductile element, and those that do not, such as member buckl
a distinetioh between limit states that are likely to cascade beyond the original failure, such a
r a transfer girder, and those that are not, such as flexural failure of a slab or a beam.
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Structures and serviceability limit states shall be classified for purposes of checking serviceability.

NOTE

Common classes based upon the structure involve the economic loss upon failure of serviceability.

Common classes based upon the limit state involve separating reversible from irreversible conditions. The

classes for sa

6.3 Reliab

fety and serviceability are frequently not correlated.

ility classes

The performance objective of this document shall be established by assigning target reliabilities
to classes defined by the safety and serviceability considerations established in this clause. The
reliability classes shall be based upon the consequence classes established according to 6.1 and 6.2. The
implementation of those target reliabilities in the semi-probabilistic method shall be accomplished by
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establishing appropriate factors on actions, combinations, and resistances for each limit state under
each design situation.

NOTE

(see

7

7.1

7.2

In th
strer

whet

NOTH
limit

The

whet

The

Annex C).

Principles of limit states design

General

er exceeds a limit state is lower than a pre-determined target value. Such a targe
 is determined for a chosen reference period and determined considering the ‘magn
bquence (see Clause 6) of the limit state exceedance.

Verification of ultimate limit states

e verification of ultimate limit states, resistance and static equilibriwm are to be con
gth (load-bearing capacity for the ultimate) limit state shall be yerified using Formulg

Iy is the design value of the effect of actions (fot'further information, see Clauses 8 ar
R, is the design value of the correspondingesistance (for further information, see Cl|

Stability, for instance buckling, of members and portions of structures is considered
State.

ultimate limit state for static equilibrium shall be verified using Formula (2):

Eqast <Eqsep

Fqdast 1S the designi value of destabilizing actions;

Fqsth 1S the'design value of stabilizing actions.

bxpression may be supplemented by additional terms when appropriate (for examp

For some actions, the target reliability can be incorporated in the definition of the characteristic value

iy that each

et reliability
itude of the

bidered. The
[ (1):

(M

d 9);
huse 10).

hs a strength

(2)

e in case of

stabillizing anchor and friction).

7.3

Verification of serviceability limit states

A limit state of serviceability shall be verified using Formula (3):

where

NOTE

E4 is the design value of the effect of actions;
C4 isthe design value of the corresponding permissible serviceability constraint.

The serviceability constraint includes static deflection, vibration, etc.
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8 Actions

8.1 General

Actions are generally classified into permanent actions, variable actions, and accidental actions;
static and dynamic actions; fixed or free, direct and indirect actions. Actions caused by water may
be considered as permanent and/or variable, depending on the variation of their magnitude with
time. Classification of seismic actions as variable or accidental should be based on the frequency of
occurrence of seismic events.

8.2 Pern

Actions sha
small and s]|

amentactions

|| be classified as permanent actions (G) if the variations in time around the(mean are

ow or monotonically change to a limiting value. The consideration of permanentractid
n the design. Permanent actions include, but are not limited to, the following:

self-wei‘r,ht of the structure;

ed constructions;

ressure, ballast, fluids with well-defined pressure; actions)‘from movement dy
tial settlement;

bsing, imposed deformation from construction processes.

amples of the stipulation of permanent actions can be pbtained from existing standards (see (.1

mandatory
a)
b) suppor
c) earth
differen
d) prestre
NOTE EY
8.3 Vari

ble actions

Actions shall be classified as variable actions (Q) if the variations in time are frequent and large (e
actions cauged by the use of the structure and by, mést of the external actions such as wind and spow).
The considgration of variable actions is mandatory in the design. They include, but are not limitg
the followinig:

mposed due to use and occupancy;
tion;

tion;

action (see 1282.4);

ue to ponding of water and/or hail;

ue toifluids, where variable, including ground water and floods;

netic and floating ice action;

action due to currents and waves;

action due to moving loads and their effects;

ns is

e to

g.all

d to,

action due to forces and effects arising from contraction or expansion resulting from climatic
changes or technological temperature changes such as heating and cooling, moisture changes;

a) actioni
b) wind ad
c) snow ag
d) seismic
e) actiond
f) actiond
g) atmosp
h)

i)

j)

k) environ
NOTE In
14

mental influences.

formation on variable actions is given in the relevant International Standards; see Annex A.

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=4f69083ff276c81c261d7fe6e15ff508

IS0 22111:2019(E)

8.4 Accidental actions

Actions shall be classified as accidental actions (4) if the magnitude is considerable but the probability
of occurrence for a given structure is small relative to the anticipated time of use. Frequently, the
duration is short (e.g. impact loads, explosions, earthquakes, and snow avalanches). The consideration
of accidental actions is dependent on the design situations. They include, but are not limited to, the

following:

a) action due to explosion;

b) action due to collision;

c) geismic action (see 12.2.4);

d) 4ction due to erosion;

e) 4ctions due to fire.

Provjision for accidental actions that are not foreseen (see 5.2) shall be made‘through design|verification
for robustness (see 5.6 and 12.4).

NOTH Information on seismic actions and for fire actions is given in_the relevant Internationpl Standards.
See Annex A.

8.5 | Evaluation of actions and their effects

Actigns shall be evaluated in terms of the probabilistic nature of their occurrences. Action [effects shall
be eyaluated with the understanding of the underlying physical mechanisms that tranglate actions
into [action effects on structural elements (see Clause 11). The action effects are exprgssed as the
multfplications of action with factors that représent the underlying physical mechanismg. Additional
factdrs shall be introduced to take into account the modelling uncertainty of the action effects, where
relevant; see Annex B.

Whete response up to the limit state-is~essentially linear, superposition may be used and the factors
may |be applied at any convenient point in the evaluation. Where response is nonlinear, this can lead
to sybstantial errors in the reliability achieved. Common examples of nonlinear response include the
geonpetric nonlinearity of ten§ile' membrane structures and the material nonlinearity of fresponse to
strong ground shaking.

8.6 | Design values ofactions

The reliability class-ds well as design situations shall be considered when establishing the design action.
The dlesign value can be determined as the product of a factor and a characteristic value oron the basis
of achieving'reliability target directly.

NOTH The value corresponding to annual exceedance probability or return period can be egtimated as a

product of the characteristic value and a conversion factor.

8.7

Characteristic values of actions

When design values of actions are determined as the product of a factor and a characteristic value,
characteristic values shall be determined appropriately in terms of the probability of annual exceedance
or expected return period of the basic physical quantity (treated as a random variable) describing the
magnitude of each action. In order to determine the characteristic values of permanent actions, variable
actions, and some type of accidental actions, their statistical characteristics shall be obtained through
relevant investigations.
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A value for accidental actions may be assumed non-probabilistically in order to ensure that structural
integrity and other functions of the structure are maintained under those accidental actions.

NOTE 1

A 50 %, 98 % or 99 % upper fractile value for permanent actions and some types of variable

actions such as imposed action, and a 50-year or 100-year return value for variable actions are often adopted.
Characteristic values only represent the statistical nature of actions, and thus are independent of the design

service life.

NOTE 2

9 Combi

For durability related actions, resistance models can require more detailed input.

nations of actions
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Combinatiol
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Scenarios that include multiple accompanyjing-actions shall be selected on a probabilistic basi

having a sig
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In verificati
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ral

1s of actions in semi-probabilistic formats shall be determined considering possibilit
s occurrence of actions.

mi-probabilistic methods usually reduce random variables to a set of design values with a sp|
favourable or unfavourable values, action combination values, serviceahility’level values, etc.

n scenarios

1s of actions to be considered for verification of relidbility against design limit s
d serviceability) shall include:

ent action only;
ent action together with one variable or accidental action;

ent action together with one leading variable action such as imposed, wind, snoy
Fal action, and one or more accompanying variable actions.

hificant influence on the reliability achieved by the specific action combination.

ional considerations-for serviceability limit state

pn of serviceability-limit states, the combination of actions depends on the nature d

d maximumeeffect of a combination during the service life for irreversible limit state
e cracking;

d maximum effect of a combination during shorter periods of time for reversible
or éxample human discomfort due to oscillation in wind;

es of

lecific

tates

W, or

5, for

f the

s, for

limit

a) expecte
examplg
b) expecte
states, f
c)

9.4 Design values of combinations of action effects

permanent and near permanent action effects for long term etfects, for example creep or settlement.

The maximum value of the combined action effect during the reference period shall be considered
when determining design values. The maximum value can be approximately estimated as the sum of
the maximum effect of the leading action during the reference period and a suitable intensity of the
other (accompanying) action effects. Each variable action should be considered as a leading action.
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Considering persistent or transient design situations, the effects of actions E; for ultimate and
serviceability limit states shall be determined using Formula (4):

EdzE[Gd,i?Qd,j?“d] (4)
where

E isafunction determining the effect of actions;

a, isavector containing the design values of the geometry.

Design values Gq; and Q4; of permanent and variable actions are given as fagtepgd by their
charpcteristic values:

Fa,; =760k, (5)
Od']' ZVQ,ij,j (6)
wherte

Yciandyy; are partial factors for permanent and variable“actions G;, and Q; respectiyely,
taking account of uncertainties in the actions, the action models and the action
effect models, and

i and Qy ;  are the characteristic values of permtanent and variable actions G;, and @
respectively.

The yalues for y; ;and y; are dependent on whether the action is leading or accompanying. Allternatively,
the adjustment for variable actions is made by introducing a combination factor ¥,

NOTH In some cases, the effects of aCtions can depend on material properties.

In sgﬁe cases, the factor for theanodel effect uncertainty should be applied after the calcuflation of the
action effect.

10 Resistance

10.1 General

The resistanece/shall be determined as specified in established standards for design of the structures
and pleménts of specific construction materials and shall consider the reliability class|{ Resistance
factdrs-shall be established based upon the reliability targets for the appropriate design situations and
limitlstates

10.2 Material properties
Material properties shall be defined by their characteristic values f,.

Material properties to be used in non-linear analyses may either be based on design values,
characteristic values or mean values provided that a consistent safety concept resulting in a design
with the required target reliability is used; see also 11.1.

10.3 Geometrical data

Geometrical data (a) include external and internal dimensions of structural members, imperfections,
tolerances for connected parts, and similar information related to the geometry of the structure.
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Geometrical data are represented by their characteristic values or directly by their design values. The
dimensions specified in the design documentation may be taken as characteristic values. When their
statistical distribution is sufficiently known, values of geometrical quantities that correspond to a
prescribed fractile of the statistical distribution may be used.

NOTE 1
corrosion.

NOTE 2

Imperfections are normally specified directly as the design values.

10.4 Characteristic values of resistance parameters

When a li

Geometrical parameters can, in the course of time, be affected by environmental processes like

it state verification is sensitive to the variability of a material property and/o

geometrical|properties, upper and lower characteristic values of the material property should'be t
into account.

As an example, the characteristic value may be defined as the 5 % fractile value where a low
of material pr product property is unfavourable. Where a high value of material 6r,product proj
is unfavourgble, the characteristic value may be defined as the 95 % fractile vdlue. When insuffi

statistical
nominal va
established

The structu
coefficients
the duratiol
depend on t

The nomina
geometrical

Material paj

ta are available to establish the characteristic values of a material or product prog
es may be taken as the characteristic values, or design valués of the property md
directly.

may be represented by the mean values. Different values may be used to take into acq
1 of the load. Adjustment factors may be applied where structural stability limit s
he stiffness.

| values of dimensions specified by the designer are usually used as characteristic valy
quantities.

ameters like strength and stiffness may in the course of time be affected by environm

processes like changes in moisture and tempgérature, corrosion, fatigue, UV-light and chemica

biological ag
away thatt

10.5 Desig

The design

e.g. ISO 2394
— variabil
resistar

change

In principle,

fencies; these processes should bejtaken into account, including their uncertainties, in
he potential effect on the reliability level is compensated.

n value of resistance

palue of resistancel-R,, shall be determined by models provided in relevant standardj
. The design value shall be determined taking into account:

ity in materidl and geometric properties;
ce modeluncertainty including its dispersion and possible bias;

ntesistance over the design life.

- the
aken

ralue
berty
cient
erty,
ly be

Fal stiffness parameters (e.g. moduli of elasticity, creep ceefficients) and thermal expafsion

ount
tates

es of

ental
and
such

; see

all sources of aleatory and epistemic uncertainties should be considered.

Guidance for resistance specification in the case with cumulative damage is provided in ISO 2394.

For exposure to fire, the structure shall be designed in a manner that the load-bearing capacity is
adequate and the structural integrity is maintained for a sufficient time to permit evacuation of the
occupants, provide appropriate protection for fire-fighting services, and protect the building and
adjoining property from the spread of the fire.

18

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=4f69083ff276c81c261d7fe6e15ff508

IS0 22111:2019(E)

The design value of resistance for the ultimate limit state R is expressed by Formula (7):

fi }
R,=R| —; 7
¢ [YM & 7)

where

R isafunction determining the resistance,

fi 1is the characteristic value of material property,

Yu is the partial factor for resistance, taking account of material properties, model anfl geometric
uncertainties,

4, Isavector containing the design values of the geometry.

NOTE1 Resistance parameters include properties of materials including sojl‘ and rock and geometrical
quantities that are defined for a relevant part of the structure.

The Value of the resistance factor shall also account for the model uncertainty of the resistance (bias
b and uncertainties 6). The partial factor for resistance y,, can accordingly consist of a coqnbination of
the partial factors for material properties y,, and model uncertaifity y, respectively. A single resistance
factdr ¢ (= 1/y,,) can also be used.

For jmplementation of a complete design, reference to.established standards for the ¢omputation
of rdsistance is required. This document defines the.computation of resistance factor$ to achieve
reliapility targets, but the computation of resistance,itself is beyond its scope.

NOTE 2  For guidance on standards for resistance,“see for example ISO 19338, including information on
natiopal and regional standards that are deemed te'satisfy the requirements of this document.

11 Analysis and testing

11.1 Analysis

Analysis shall be based on a calculation model of a structure (including the foundation) that can predict
the gtructural behaviour(with an acceptable level of accuracy appropriate to the requirements under
consjderation. Specified“material properties and structural dimensions shall be used to ddtermine the
action effects for allior part of a structure. For checking any ultimate limit state, plastid, non-linear,
or lihear elastic theory may be used, depending on the response of the structural material and of
the gtructure a$»a whole to the applied loads and imposed deformations. Linear elastic methods are
apprppriate for’checking the serviceability limit states using appropriate constitutive relgtionships. It
may plso be'used in ultimate limit state verification, but that can be conservative.

For dtatic analysis, structural models shall be based on an adequate choice of the force-fleformation
relationship of the elements and their connections, and between the elements and the ground. In
some cases, the history of load application shall be taken into account. Effects of deformations and
displacements on equilibrium shall be taken into account, if they result in a significant increase of the
effect of the action or reduction in capacity.

When dynamic actions are specified as equivalent static actions, the dynamic aspects of actions shall be
considered either by including them in the static values or by applying equivalent dynamic amplification
factors to the static actions.

For dynamic analysis, structural models shall be based on relevant properties, such as masses, stiffnesses
and damping characteristics of structural and relevant non-structural components. The structural
response may be determined using modal analysis, time histories or any other appropriate method.
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The geometrical quantities used in the computation generally refer to nominal values (i.e. the values
given in the drawings, etc.). Where the structural behaviour is sensitive to imperfections (e.g. deviations
from intended geometry such as geometrical tolerances), the allowable deviations for the execution of
works shall be considered.

In semi-probabilistic nonlinear FEM, in principle, design values should be used for all random variables,
loads as well as material properties and model uncertainties. Material properties should include
deformation capacities. Unfavourable or favourable effects of action and resistance parameters need
to be considered; appropriate upper or lower fractiles should then be applied in reliability assessment.
Measures to account for model uncertainty of FEM analysis should be considered. As FE models are
complex, they shall be validated against material and structural tests to check approximations and
assumptionf concerning constitutive models, numerical discretization and boundary condikions

adopted in gtructural analysis.

ence
into

ysis of the structure under fire conditions, all parameters that can affect the otcurtj
[ment of the fire as well as the resulting changes in structural properties shall be taker]

For the ana
and develop,
account.

load
veen
oads
ures.
isms

A number (¢
history so
structure
should be af
Design valu
of adjacent

f special conditions sometimes need to be considered in structural analysis: The
times needs to be considered in non-linear analysis. Frequency.résponse ratios bet
Z:Ifd action should be considered when static equivalent treatment is applied. Design
plied to determine equilibrium in the deformed geometry fer highly non-linear struct
s for ductile failure can lead to underestimation of possibly)dangerous brittle mecharn
lements (see Annex A).

11.2 Testing

1 is based on a combination of tests and calculations, the experimental setup and evalu
shall be performed in such a way that the xésulting design achieves the level of relia

htion
hility
term

When desig
of the tests

required for
behaviour) 4

Testing may
a) adequat
b) for prot
c)

Statistical u

to confi

NOTE 1
testing.

St

NOTE2 Rq
from the tes

the relevant design condition. Conditions which are not met during the test (e.g. long-
hall be taken into account separately,

be used in the following circumstances:

e calculation models are not'available;

ptype testing (if a large(number of similar components are to be used);

'm assumptions madein the design.

hcertainty due'to-a limited number of tests shall be taken into account.

andard checks on material properties or other control tests are not considered as design bas

quirements for considering the relationship between calculation models and quantities eval
fs-are provided in ISO 2394:2015, with additional guidance on planning test arrangement

ed on

hated
5 and

evaluating th

e testresultsin its Annex C.

12 Demonstrating conformance with requirements

12.1 General

Conformance with the basic requirements of this document shall be demonstrated. It shall be verified
that no relevant limit state is exceeded for all relevant design situations, when design values for all
combinations of actions and action effects and resistances are used in the design models. Verification
of the non-exceedance of all limit states can be deemed to demonstrate conformance with the basic
requirements for structural performance as based on the principles of limit states design.
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A comprehensive and systematic design procedure shall be followed and recorded to ensure that all the
provisions of this document are complied with, including the utilization of information on actions and
resistance obtained from related standards (see Annex D).

12.2

Ultimate limit state

12.2.1 Resistance

When considering collapse, rupture or excessive deformation of a structure, element or connection, it
shall be demonstrated that, during construction and throughout the design service life of the structure,

the

it it ctatn ic caticfind

a)
b) ¢
c) {

d) {

12.2
Whe

Terrrrorce- e ottt oSt roTrrets

The]]lesign resistance shall be determined with appropriate allowance for the following:

he uncertainties resulting from construction activities;
fariation in material properties;
he characteristics of the site;

he degree of accuracy inherent in the methods used to assess stfuctural behaviour.

2 Static equilibrium

h considering instability due to overturning, uplift. and sliding, it shall be demong

during construction and throughout the design service life of the structure, the expression

state

12.2
Prov
a)
b)
12.2

Seisr
accid

12.3

Appr]

of static equilibrium is satisfied.

3 Accidental design situation
ision for accidental design situations shall be based on:
he action combination scheme as provided for in Clause 9;

tructural resistance as stipulated by the relevant materials-based standard.

4 Seismic design situation

nic actions may _be classified either as variable actions or, in low seismic hazard
ental actions.

Serviceability

opridte-serviceability criteria representing structural responses shall be chosen for de

trated that,
for the limit

regions, as

monstrating

conf(rrmance with serviceability requirements.

The serviceability criterion shall take into account whether the serviceability limit state is reversible or
irreversible.
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12.4 Robu

12.4.1 Gen

:2019(E)

stness

eral

The capability of the structure to withstand local damage without being damaged to an extent
disproportionate to the original cause shall be demonstrated to comply with requirements for
robustness of the structures.

NOTE

Local damage can be caused by accidental actions as provided for by 12.2.3 or from causes that are

not considered in design such as fire, explosions, vehicular impact, the consequences of human error, or terrorist
activities (refer to ISO 102521).

Conformand
or more of t

a) avoidin

b)

c) selectin
individy

d) avoidin

e) tyingth

f) providil

12.4.2 Deslign strategies

Strategies fj
considering
the degree t
of the occuy
indirect con|
disproporti
failure from
failure.

Design verif
used to dete

a)

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

prescriptive design,and detailing rules that are based on simplified analysis of idealized load

he following:

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

b a structural form and design that can survive adequately the accidental removal
al element or a limited part of the structure, or the occurrence of acceptable localised dar

b, as far as possible, structural systems that can collapse without warning;
e structural elements together;

g additional strength.

pbr robustness design verification shall be based on the classification of structurg
the consequences of structural failuré«(see Clause 6). The structural class shall deter
o which indirect measures are taken;such as event control that influences the proba
rence of a hazard, or consequence reducing measures aiming at reducing the direc
sequences of failure and thus thetotal risk. Similarly, direct design methods for preve
nate collapse shall be applied, consisting of providing specific load resistance to 1
accidental loads and providing alternative load paths to provide robustness against

ication methods forrobustness that are based on the classification of structures shd
rmine the degreeto which the following progressive steps are complied with:

identified scenarios for structural collapse to be used as basis for applying prescri

e with the robustness requirement shall be demonstrated by an appropriate choice olf one

bf an
hage;

s by
mine
hility
F and
hting
esist
local

11l be

| and

ptive

systematic identification of scenarios leading to structural collapse serving as basis for specific

collapse scenarios, with simplifications and idealizations based on reliability and risk analysis;

in the case of non-hazard specific design;

screening and involvement of experts on all relevant matters;

detailed assessment based on dynamic and non-linear structural analysis;

involvement of external expert review for quality control.

structural performance models;
b) specific
design drid-detailing rules;
c)
d)
damage
e)
f)
g)
iy
22

Under preparation. Stage at the time of publication: ISO/DIS 10252:2018.

identified accidental design situations that are hazard specific or reasonable scenarios of initial

extensive investigation and analysis of scenarios leading to structural collapse that include risk
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A methodical framework for the identification of appropriate assessment and provisions for

robustness dependent on the exposures acting on the structure as well as the structural system and the
consequences of system failure is provided in ISO 2394:2015 Annex F.

12.4.

Verif

3 Prescriptive verification measures

ication shall be given of providing of a continuous load path for the structure such as

— acomplete lateral force-resisting system,

— all members of the structural system connected to their supporting members, including structural

The

suitably combined with the effect of related loads.

NOTH
ASCE
suspé

12.4

The
secti
robu

It sh{
certd

Whe
in ex

NOTH
verifi

12.5

The
remd

by fatigue to a critical'size for fracture shall also be considered in the design (see D.4). Ve

suffi

valls to be anchored to diaphracmc and supports
(=]

effects and resistances shall be assessed due to forces resulting from notional™No4

Further guidance on notional loads and their combinations with related lgads can be o
SEI-7. Further guidance on provision of effective horizontal and vertical tiés or effective
nded floors to walls can be obtained from EN 1991-1-7.

4 Collapse scenarios

hotional removal of each supporting column, each beam supporting a column and 4§
pn of a load bearing wall, one at a time in each storey, shall‘be used as basis for verifyi
stness for higher consequence class structures.

1l be demonstrated that the building remains stable and that any local damage does
in limit.

Fe the notional removal of such columns and/sections of walls would result in an exter]
cess of the stated limit, then such elementshall be designed as a key element.

Further guidance on the application-of notional collapse scenarios, limits on local dama
cation for key elements can be foundinEN 1991-1-7.

Durability

Hurability of the structure and structural elements in their environment shall be su
in fit for use during(their design service lives, given appropriate maintenance. Grow

Cient durability-shall be based on the requirements and procedures stipulated in ISO 1

1ds that are

btained from
anchorage of

iny nominal
ng sufficient

hot exceed a

t of damage

re and design

ch that they
th of cracks
rification of
3823.

© ISO

2019 - All rights reserved

23


https://standardsiso.com/api/?name=4f69083ff276c81c261d7fe6e15ff508

ISO 22111

:2019(E)

Annex A
(informative)

Guidance for the adoption of this document

A.1 General

This annex
of this docu
annexes (prj
for use in de

bives further information on issues to be considered by a national group for the ade
ment. It is intended that this document be adopted with addition of a national.ann
pvided by the adopting group) setting out the additional information and values'nece;
sign.

The adopting group should use this document as a template. This annex is provided as guidance |

adopting gr

The adoptio
be used witl

The semi-pr
for differen
utilises rep
factor desig
values to be
probability

the action fd
design form

bup and may not be used, like the other informative annexes, if users.do not need them.

n should take into account the national conditions and the loading and design documer
1 it. These national documents will be referred to in the adopted standard.

obabilistic approach is represented by alternative formats for design verification to 3

btion
bX Or
sary

o the

its to

h[low

L levels of approximation of the performance functien: The partial factor design format

esentative values and partial factors for a set of design variables. The load and resist
h (LRFD) format applies factors directly to specified loads and resistances to obtain d
used for design verification. Design values can be expressed directly in terms of an afj
bf exceedance (with a partial factor = 1,0), so’as to account for the differing non-linear
r different structural responses. See Annex B for a more detailed description of altern
ats.

The adopted standard should provide for alternative paths to conformance through the use of

principles, 1
supported b

A.2 Proc

A2.1 Gui

esearch or testing to prove reliability (see ISO 2394). Such alternatives would need
y documentation to the satisfaction of the authority approving the structure.

pss for adoption

lance/explanations on Clause 1

The scope

approach ag
design mat
an extent tl
The scope (

df structuresiis limited by the requirement for the use of the semi-probabilistic d

set out by)ISO 2394. Standards and specifications serve to ensure the quality of ana
brials, Sproduction, construction, operation, maintenance, and documentation to
nat“uncertainties which influence the performance of the structures can be quant

ance
bsign
inual
ty of
ative

basic
to be

Psign
lysis,
such
ified.
cient

f-application of this document is accordingly limited to structures for which suffi

knowledge, competence and experience are available to comply with these requirements. This may
generally be taken to apply to common structures for buildings, bridges, industrial and civil engineering
infrastructure.

Adoption committees should carefully consider and adjust the requirements and procedures to the
scope of application of the adopted standard. Additional measures based on special investigations are
required for structures using new construction systems or new materials, for those of extremely large
size, with long spans or heights, or those of special use.

The requirements and design verification procedures presented in this document are based on and
derived from the knowledge and experience captured by leading structural standards internationally.
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A.2.2 Guidance/explanations on Clause 2

In addition to the standards that are normatively cited in this document, the implementation of the
requirements and design verification procedures is based on the input typically of representative
values of design variables such as actions on the structures and resistance for the failure modes of
standard structural materials. All design standards that are related to the adopted standard should
consequently be listed as normative references that are indispensable for its application.

A selection of International Standards on the basis of design for actions on structures provides an
illustration of actions that may be considered as relevant to this document, as given in References [26]

to [41].

A.2.]

Key
to er

B Guidance/explanations on Clause 3

concepts of the semi-probabilistic design verification process are listed, providing
sure the standardized use of terminology and to assign the intended meahing of the

list df terms is consistent with the extended list on the principles of reliability presented I

The
strug
equiy

isted concepts, terms and definitions should enhance the harmonized sharing of ki
tural performance and reliability. Where there is a need to deviate.logally from the te
Falent terms may be provided to ensure consistency with general‘practice.

The intention for the definition is to provide a clear formulation of thé meaning of a term. Th

funcf
"indi
prov
of co

A.24

The
prac

ion of the term should be stated separately in the standard. For example, the definition|
vidual action" and "permanent action" describe the naturé of these actions, whilst the y
sions for how they need to be taken into account needs to be stipulated in the standa
mmon terms of language may restrain their general use, and should therefore be avoid

I Guidance/explanations on Clause 4

use of standardized symbols enhances the international harmonization of struct

symlpols used in this document are closely related to the set of symbols used in ISO 2

ISO 3

8981 provides a broader basis forthe standard usage of symbols.

definitions
terms. The
by 1SO 2394.
owledge on
rms, a list of

e normative
s of "action",
vay in which
"d. Inclusion
ed.

ural design

ice and ensures unification with the ormative standards within the scope of application. The

394, whilst

A.2.5 Guidance/explanations'on Clause 5

A.2.3.1 General

The ffundamental requirements for structural performance are provided as basis for & scheme of
situdtions and cases)for which procedures for demonstration of conformance are to be used. The

clasgiification of caSes for which target levels of reliability can be set include provision

situ

ions, limit states, reliability and consequence differentiation, failure modes :

subdjivisions=The semi-probabilistic approach utilises design procedures which are deeme
the intended levels of reliability for each case.

5 for design
ind further
d to achieve

A.2.5.2 Design situations

Design situations complement the classification of structural performance into limit states by
accounting mainly for time related processes for actions and the function of the structure.

A.2.5.3 Limit states

A structure, or part of a structure, is considered unfit for use or to have failed when it exceeds a
particular state, called a limit state, beyond which its performance or use is impaired. All relevant limit
states should be considered in the design.
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A.2.5.4 Actions

Procedures for the implementation of the general requirements for the identification of all actions
and environmental influences relevant to the scope of structures and conditions, their classification,
specification and combination given here are provided in Clauses 8 and 9. All the actions that need to be

considered to ensure reliability conformance should be included in the process.

A.2.5.5 Resistance

The materials independent requirements for structural resistance are intended to ensure that a unified

approach is

applied to the diverse common structural materials within the scope of the standard.

The durabillity requirements of a structure are normally taken into account by attention to-d

details, the
necessary,

A.2.5.6 D¢

Requiremen
conformanc

A.2.5.7 Qy

Quality ass
use, includi
constructiol
structure i
communicat
the degree d

Design chec

specification and control of materials and workmanship, the control of cracking,and w
rotection and maintenance provisions.

sign verification

ts for design verification are intended to provide for a systematic proeess for demonstr
e to all the relevant design situations.

jality assurance

irance concerns the activities carried out during planning, design, construction

1, maintenance and replacement. Quality assurance is intended to ensure that the
as free from human error and material defects as practicable; it is achieved by pi
ion between those involved. The level of quality assurance therefore significantly im]
f safety, serviceability and durability achieved.

Psign
here

ating

and

hg design checks, quality control of materials and“cemponents, and field review dfiring

final
oper
bacts

ks should be performed by persons otherthan those responsible for carrying out the ori

inal

design, though they may belong to the same organization. The design review should be conducted by an

independen

Material qu
an independ

The original designer should review all material quality reports for conformance with the pr

specificatio]

The designg
intent and s
assurance r
are high, ad

A.2.6 Gui

1S.

r should conduet-periodic field reviews of construction for conformance with the d
pecifications_The periodic reviews should be supplemented by the contractor’s own qy
bview of comstruction. When the structure is unusual or when the consequences of fg
litional field reviews of construction by a third party should be considered.

lance/explanations on Clause 6

[ organization when the structufe is unusual or when the consequences of failure are Qigh.

lity control is often assigned to the material provider or builder, but should be verifi¢d by
ent qualified organizationworking under the technical direction of the original designer.

oject

Psign
ality
ilure

The adoptin

g group should elaborate further on the kinds of structure applicable to each class.

Indicative classification on the basis of the consequences of failure is provided by ISO 2394 to allow
for determining the need for risk-based assessment of robustness and the level of design efforts.
Consequence classes that can require risk treatment may be regarded to fall outside the scope of this
document.

Examples of alternative classification schemes and categories are provided in Annex C.

A.2.7 Guidance/explanations on Clause 7

A distinction is made between limit states for safety of the structure as provided for by the ultimate
limit state, and functionality provided for by the serviceability limit state. A condition limit state may
be used when the real limit state is either not well defined or difficult to calculate. The reliability
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requirements for the condition limit state should be consistent with the original limit state. Although
the requirement of achieving a limit state for a certain period of time implies sufficient durability, for
practical reasons it can be helpful to add a specific durability limit state.

Structures shall satisfy ultimate limit states in which members and components are proportioned to
carry the design actions to resist yielding, fracture, buckling and any other unacceptable performance.
Although strength is a primary concern, it cannot be considered independent of the stiffness of the
structure.

Structures shall also satisfy serviceability limit states that define functional performance and behaviour
unde imit state in
eause of local

rioration or be

r damage or dete

Whe

state

In sit
proc

A.2.4

The 1
what
natid
statd

h sufficient information is available to prove that a limit state is satisfied by the cont]
, a conformance check or omitting of the redundant limit state is acceptable;

uations where the information is insufficient for proper calibration of-design parame
bdures may be based on acceptable practice. Refer to Annex C for guidance on standar

B Guidance/explanations on Clause 8

ypes and means of specifying of actions need to be stated;\in order for the user to be
actions must be considered in the design. While most@dopting groups will be able

nal documents for most major actions, there may be little or no information that can be
d for some actions. Therefore, the list of actions and ‘the referenced documents may be

rolling limit

ters, design
1 practice.

clear about
to reference
specifically
modified as

needed by the adopting group.

The
the
Inten

variables used as the means of specifying~each action should be the same as that given in
forresponding International Standard, if \available (see the Bibliography for a list| of relevant
national Standards).

In th
envij

e context of this document, accidental actions can be considered as rare evenfs. In some
onments, particular actions may be considered to be accidental rather than variable.

In so|
thus

me situations, wind actionssmay include the effect of wind-borne debris on building en
on internal pressure.

velopes and

A.2.9 Guidance/explanations on Clause 9

It is
the d

expected thatcthe adopting group will insert a set of combinations that are appro
onstruction<genditions and the other design information to be used (e.g. load data aid materials
design methods), Alternative action combination formats are derivatives of the Turkstra rylel23] where
one ¢f the actiens is taken at its extreme value whilst the accompanying actions are taken at mean or
“arbitrapy\point in time” values. This implies that multiple load cases need to be considered in design
veriffcation.

riate, given

If Format A is used for presenting load combinations (see B.2), further guidance can be found in
EN 19900101, If Format B is used for presenting load combinations (see B.3), load specifications from
the USA (ASCE SEI 7[€l), Australia/New Zealand (AS/NZS 1170[Z]), Canada (CSA S408[2]), Japan
(Al] Recommendations[3]), etc. may be used as examples. The use of Format C (see B.4) is demonstrated
by load specification practice presented in EN 1991/German NAIL, EN 1998[18], ASCE SEI 7[¢l, AS/
NZS 1170[Z],

A.2.10 Guidance/explanations on Clause 10

A clause on structural resistance is introduced to provide for the material independent reliability
requirements. The related materials based structural design standards from which design values for
structural resistance are obtained shall be unified with the requirements of this document.

© IS0 2019 - All rights reserved 27


https://standardsiso.com/api/?name=4f69083ff276c81c261d7fe6e15ff508

IS0 22111:2019(E)

Three alternative partial factor formats for the design values of structural resistance as used in the
semi-probabilistic approach are provided in ISO 2394:2015, 9.4.2.2.

It is common that structural resistance is defined in standards for the design of one or a few structural
materials. The characteristic and design values in such standards need to be consistent with the
fundamental requirements in this document. Examples of coordinated sets of such standards exist and
can be consulted for guidance. For example, EN 1990 through EN 1999[10]-[19] known collectively as the
Eurocodes, are one such set. ASCE SEI 7[6] paired with ACI 318I2], AISC 360[4], AISI S100([2], TMS 4.02[21],
and AWC-NDSI8 provide a collective set used for buildings and similar structures in the United States.

There are si

milar collections in many other nations.

A.2.11 Gui

It can be ne
earthquake

It can also
calculations
tests and to
need to be s

It can be difficult to judge in advance whether a low or a high design value“is unfavourable. For 1

this is a wel
distinguishg
various low
low design Y
softening) n
identified b
brittle elem
this is satisff
for the duct
case with m

Another pr3
parameters
in the desig
and the mod
some cases,
programs wj

As an altern
of structurd
general incr
characterist
resistance f

flance/explanations on Clause 11

Cessary to specify accepted methods for analysis, particularly for dynamic actigns su
b and wind.

be necessary to specify the conditions for the acceptance of testing as a suppleme
. Various methods are available for treating the uncertainty due to a|limited numb
ensure the reliability level of design using test data, e.g. ISO 2394 (These sometimeg
pecified by the adopting group.

| understood problem and load cases with favourable and ihfavourable action effect
d in codes. The same holds for resistance parameters<and in principle combinatio
er and higher design values should be considered. In particular, it is important to notg
Falues in ductile elements sometimes reduce action effects in adjacent brittle (or str
hembers and the development of possible dangerous brittle mechanisms is sometime
I/ the analysis. This issue can be resolved by checking whether the lower design valy
ents are higher than the upper design values of the ductile elements (capacity desig
ied, lower design values for material properties and model uncertainties may be consid
le elements. Geometrical nonlinearitiessmay lead to the same softening behaviour as i
aterial properties.

ctical problem is that FEM programs cannot handle model uncertainties as explicit

The most convenient solution.is to include the model factor for the global load effect

n value of the loading (with'an exception for geometrically under proportional load ef
lel factor for the local resistance model in the design values of the material paramete
this can, however, lead to incorrect results. This issue can be overcome by developing]
ith explicit input options for model uncertainties.

ative, non-linear analysis is thus often based on mean values to provide unbiased esti
| responseto considered loads. The global resistance factor shall then be adjustd
eased, to.provide for sufficient reliability that is normally ensured by material factor
ic values of materials derived as lower fractiles of probabilistic distributions. The g
hctor shall account for the uncertainty due to randomness of material properties and

parameters

ch as

nt to
er of
also

bads,
S are
ns of
that
ngly
S not
es of
n). If
ered
s the

nput
odel
ects)
rs. In
FEM

mate
d, in
5 and
lobal
bther

affecting the resistance and for model uncertainty. Special attention should be paid t

D the

situations when structural reliability is affected by two or more failure modes of similar importance.
If one analysis is not sufficient to verify all the failure mechanisms, separate additional analyses
should be carried out (EN 1992-2[12]). Simplified safety formats for non-linear analysis are devised in
Reference [20].

As an example of the need for validating FEM analysis against tests, mesh refinement has an opposite
effect for crack formations (increased stiffness) and maximum load capacity (reduced strength)(22l,
Generally a mean values based model should be used in the validation process. Resistance model
uncertainty factor can be differentiated with respect to the level of validation of the modell22],
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A.2.12 Guidance/explanations on Clause 12

A.2.12.1 Resistance

There are alternative methods for specifying the resistance of a structure. The two most common
methods are

a) the partial factor (y);) method (for example, EN 1990), and

b) the resistance (capacity) factor (¢) method (for example, the US and Al] LRFD format; load and
resistance factor format).

Strug¢tural resistance is normally defined in terms of the maximum load-carrying capacitiZof a structure
or stiructural element. For slender structures with a large deformation capacity, the\resjstance may
be defined by the load-carrying capacity that corresponds to the maximum acceptable strain or
defofmation.

A.2.12.2 Static equilibrium
Wheh considering sliding, overturning and uplift, the following applies.

a) Permanent actions contributing to stabilising effects should’belimited to permanentijactions that
¢annot be removed from the structure and they should. have load factors less than|or equal to
1,0, while all permanent actions contributing to destabilising effects should be included and they
ghould have load factors greater than 1,0.

ry

b) Variable actions contributing to stabilising effects=Should be excluded, while all varipble actions
¢ontributing to destabilising effects should be jncluded in combinations, as given in Clguse 9.

A.2.12.3 Serviceability

The [adopting group needs to be clear'on its specification of serviceability criteria (pctions and
assofiated response limits) and cap-determine this criterion to be normative. Lists of acceptable
serviceability criteria that are material-independent should be established in the nationalfstandard as
eithdr normative or informative.guidance. Serviceability criteria that are material-dependent should be
provided in the appropriate désigh document for the specific material.

A.2.12.4 Robustness

Addifional measuresfer robustness may be introduced by the adopting group, such as minimum lateral
resistance for elefments and connections, minimum sizes or other quantifiable measures such as limiting
the area of damage, etc. Tying the structure together can include consideration of the tramsmission of
forcegs in both.the horizontal and vertical directions.

A.2.12.5 Durability

The performance of the structure should ensure reliability throughout its design service life. Durability
criteria can be considered as normative and the adopting group needs to be clear on this in its
specification. Since the method of design for durability is normally material-dependent, details for
conformance should be established in the appropriate design document for the specific material.
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Annex B
(informative)

Formats for presentation of design values for combinations of

actions

B.1 Desi};n format

Design form

— A) parti

B) load

C) anny|

In the folloy
formats are
variable act
formats are
action value

NOTE1 F{

NOTE2  Dg
(see 7.2). Lin
accidental.

NOTE3 W
actions and 4

For favoural
actions that

NOTE4 D¢

or quasi-permanent. Charactefistic values are usually applied in the case of irreversible situations. Fre

values are us

NOTE 5
deflection ca
fatigue, loss d
crack growt

Cq
using damage to non-structural components, vibration affecting people or equipment or ca
fappearance) and the mechanisms leading to failure (e.g. elastic response, creep, shrinkage, {3
h,~material deterioration) which are material dependent. Simplified serviceability criteri

ats are generally classified into:

al factor design format,

hnd resistance factor design format, and

al probability of exceedance based design format.

ving, the representations of the safety and serviceability ciecK formula, E4 < Ry, in {

provided considering combinations of actions including” permanent actions, leg
ons, accompanying variable actions and/or an accidentakaction. Combinations of diff
also sometimes used, particularly combining formats*B and C. A procedure for der
s point by point over a diverse region at risk based.eptimal values is provided in Claus

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

bsign situation of ultimate limit states can be.¢ategorized into either strength or static equilil
it states for strength can further be categorized into either normal (persistent and transie
hen the combination includes an dccidental action, the design combination values for perm

ccompanying variable actions can be adjusted.

ble permanent actions, cofisideration should be given to omitting components of perm4
can be removed from theJstructure.

bsign situation of serviceability limit states can be categorized into either characteristic, freg
ally applied in‘the case of reversible situations.

mbinations,Yof actions for serviceability depend on the specific serviceability limit statg

hese
1ding
brent
iving

rium
ht) or

hnent

nent

uent,
uent

(e.g.

using

tigue
h are

contained in

codes for hni]dingq and structures and in material dpcign standards

B.2 Format A: Partial factor design format

The design formats, Formulae (1) and (3), may be expressed as a combination of actions as follows:

E Z(VG,in,i)+7Q,ij,j+2(7Q,i'f'0,iQk,i) Sy

1

30

1 fk

Ym

|

R

|

i#j

(B.1)
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where
E is a function determining the effect of actions;
R is a function for resistance;
Gy are the characteristic values of the i-th permanent action;
Qk’- is the leading variable action;
0 ; (i#j)  is the i-th accompanying variable action;
Sk is the characteristic value of material property;
Yy are partial factors for basic variable X;
¥o.i is the combination factor of accompanying variable actions.
NOTH Examples of partial factors and combination factors can be found in Tables B.1 and B.Z for ultimate
limit states and serviceability limit states, respectively.
Table B.1 — Examples of partial factors and combination’factors for ultimate limit states
1 2 3 4 5 6 7
Permanent Leading Accomparnying
Design situation Z variable variable aftion
Unfavourable Fayvourable action Main Other, X
Y6,isupChii,sup Y&,iinfCk i int Y019k 1 0i%0,i Qi
Normal [1.35] ) 1,5] [1,5%0,7]
Strength V.0 )
Accidental Gleiysup G iinf Ay [101‘5?1 [201)3]1(,1
: P Y6, awp G i sup Y6,iintGhiinf Y011 0i Po,i Ok
Static equilibrium [f,l] ) 1,5 [1,5%0,7]
NOTE The yand ¥ values in bra¢Kets’are typical values for illustrative purposes only. The combination valdes ¥, ¥;, and
¥, vqry depending on the type-ef Structures and the type of loading.
Tahle B.2 — Examples of partial factors and combination factors for serviceability lJmit states
1 2 3 4
Desigh-ituation Permanent _Leadmg- Acc_omplanyl_ng
X variable action variableg action
Characteristic pyes Qx [0.7]
Y1101 LWy Qi
Frequent X G [0,5] [0.3]
i Y1101 LW, iQki
Quasi-permanent X G [0,5] [0,3]
NOTE The y and ¥ values in brackets are for illustrative purposes only. These values vary with types of actions, types of
combinations and the target reliability level.
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B.3 Format B: Load and resistance factor design format

The design formats, Formulae (1) and (3), may be expressed as a combination of actions as follows:

E Z(Vcin,i )+7ij,j+z<7ciQk,i) SR, (B.2)
i i#]
where
R, is the specified resistance;

Yei 1S tllle factor for accompanying variable actions; and

¢ isalresistance factor.

NOTE Examples of load and resistance factors can be found in Tables B.3 and B.4 for ultimate limit §tates
and serviceability limit states, respectively.

Thble B.3 — Examples of load and resistance factors for ultimate’limit states

1 2 3 4 5 6
Permanent actions Leading
Design situation varl.able or Acc-ompany ng
Unfavourable Favourable accidental variable actiions
action
, , 5 Y01 Qi1 X Va,i Ok,
. Normal z y‘f'lsuzp] G 2 y[’éngf](;k'l [1,6 typical] [0,5 typicql]
Strength oy static ’ ’ [range 1,4-2,0] | [range 0,2-1,0]
equilibrjum 5 G 5 C 7.0
; YGisup Uk,i Yiinf Uk Va,i Uk,
Accidental ‘ZP , Ay [0,220,5
NOTE The y values in brackets are for illustrative plisposes only. These values vary with types of actions, tyges of
combinations|and the target reliability level.

Table B.4 — Examples of load.and resistance factors for serviceability limit states

1 2 3 4
Design situation Permanent .Leadlng ] Accpmpanyl.ng
X variable action variable action
- 26, G Yo.1 @k XY,
Chpracteristic [1,0] 1,0] [0,7]
2Y5, G Yo @k X Yo, Qk
Frequent [1,0] [0,5] 0,3]
¥ 26, G Yo @k Y0,
Quasi‘permanent [1 ﬁ] I [Qd 5] [nQ’lg]
NOTE 1 The y values in brackets are for illustrative purposes only. These values vary with types of actions, types of
combinations and the target reliability level.
NOTE 2 The Q, values are not necessarily the same as those for strength checking.

B.4 Format C: Annual probability of exceedance based design format
The design formats, Formulae (1) and (3), may be expressed as a combination of actions as follows:
1
El (6 )+Q ;+ (0 ) S,},_Rn (B.3)
i R

i i#j
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where

G,.; isthe design value of the i-th permanent action;

i

Q,; istherj-year return value (corresponding to annual probability of exceedance of 1/r;) of the
leading variable action;

Q,; istheriyearreturn value of the i-th accompanying variable action;

In is the specified resistance.

NOTE1  The design value of variable action in Formats A and B is determined as a product of a partial factor/
load factor, which is adjusted according to the target performance level, and a characteristic vqlue, which is
specified as a prescribed return value. On the contrary, the design value in Format-C is determined directly by a
return value by adjusting the return period. Different return period values are-detérmined for different action
effect combinations. These return period values are seen to correspond to the ‘factored design actfion effects in
Formjats A and B.

NOTE 2 Format C can lead to better reliability consistency for systems with non-linear characteristics.
Howaver, the reliability level cannot always be controlled directly using target reliability index.

NOTHE 3  Examples for demonstrating equivalence of annual prebability of exceedance of the lepding actions
for ultimate limit states can be found in Table B.5.

NOTE4 A return period conversion factor can be introduced as a load factor, in order t¢ modify the
chardcteristic value to the value corresponding to the.feturn period considered in the design. Examples can be
found in AI] Recommendations.

Table B.5 — Examples of annual probabilities of exceedance for leading variable actjions at the
ultimate limit state

1 2 3 4 5
Annual probability of exceedance
Consequence class Wind
- - Earthquake Ynow
Cyclonic Non-cyclonic
I 1:500 1:250 1:500 1:250
I1 1:1 000 1:1 000 1:1 000 1:500
I11 1:2 500 1:2 500 1:1 500 1:750
1A% Determine for Determine for Determine for Detefmine for
actual case actual case actual case actiial case

NOTE T The values are given for illustrative purposes only. The values vary with geographic conditiohs and target
reliability.

NOTE 2 The return intervals used for wind in ASCE 7 are 300, 700, 1 700, and 3 000 years for their Risk Categories I
through IV (see Table C.1).

B.5 Reliability targeted action format

There are circumstances where a single probability model cannot represent the characteristics of an
action over the region of interest for the standard. Widely different coefficients of variation or very
different shapes of histograms are indicators of such circumstances. Examples include seismic ground
motion over large areas with diverse geologic mechanisms or climatic actions (e.g. wind or snow) over
large areas with varying topography and climate. Where the data exists to characterize the occurrence
of the action at points and the nature of the structural design problem is such that a generic description
of the variability in the resistance will suffice, the amplitude of the action to achieve a specific target
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reliability can be computed numerically point by point. Seismic ground motions in ASCE/SEI 7 are
computed using this technique. The pertinent formula is as follows:

f=plF|
where

f

plF|a]

a]d—Kda
da

is the target annual rate of failure;

is the conditional probability of failure given the occurrence of ground motion

(B.4)

K

Other techn
have been \
format. Thi
interval.

with amplitude a; and
is the annual rate at which intensities of ground motion a are exceeded.

ques, including Monte Carlo simulation, have been used![8l. Actions computedhin this fag
sed in combination with other loads using Format B, but in concept ¢an be used iy
technique results in action design values that do not have a consistent mean recuri

B.6 Examples of design format

The above f{
interchange

Assume the
rule (see A.2

hree design formats are based on the same concept of<structural reliability, and c3
able as demonstrated in the following using examples:

probability models of actions and resistance as.sliown in Table B.6. Then using Turk

hion
| any
ence

n be

btra’s
lined

.9) for the simple modelling of the combinations of actions, the design values are deternj

based on the results of FORM so that the target reliability f; = 3,3 for a 50-year reference peri

satisfied. Th
factors and

d is

e design values can be expressed in any ofthe above three formats. The values using partial
rombination factors for Format A, loadtand resistance factors for Format B, and the annual

probability pf exceedance for Format C are presented in Table B.7 for the combinations of actiopns of
G; + Q; and in Tables B.8 and B.9 for G; + Q; +@and G; + Q; + Q, + @3, respectively, assuming that{Q; is
the leading action.

It is assumdd here that the characteristic values of the actions and the resistance are determined as
follows:

— resistarce: 5 % fractile value,

— permanfent action (deddjload): mean value (50 % fractile value),

— variablg action (Jive'load): 98 % fractile value at an arbitrary point in time,

— variablg actiens: 50-year return value.

The same lgveDof reliability, which is f = 3,3 for a 50-year reference period, can be obtained yising

any of these formats. Parametric variations of model parameters across a wide range of values provide

similar resu

Its of the equivalence of the alternative design formats.

Table B.6 — Probability models of actions and resistance

1 2 3 4
Probability Mean Coefficient
distribution of variation

Resistance (R) Lognormal Value to obtain ;= 3,3 0,15
Permanent (G;) Normal 5 0,1
Variable action 1 (Q4) Gumbel 5 0,3

NOTE The statistics of variable actions are of their annual maximum values.
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