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Preface

This Standard was prepared by the Standards Australia Committee BD-006, General Design
Requirements and Loading on Structures, to supersede AS 5104—2005, General principles on reliability
for structures.

The objective of this Standard is to provide a risk and reliability-informed foundation for decision
making concerning design and assessment of structures in the context of specific projects. This
Standard describes how the principles of risk and reliability can be utilized to support decisions related
to the design and assessment of structures and systems involving structures over their service life.
Three different but related levels of approach are facilitated, namely, a risk-informed, a reliability-
based, and a semi-probabilistic approach.

This Standard addresses societal functionality and sustainable societal development which may exc-ed
the current objectives of the National Construction Code (NCC) and the Australian Biiilaing odes
Board Intergovernmental Agreement (IGA) that establishes the ABCB. For buildings to wt.’ch uie NCC
applies, the objective requirements of the IGA and NCC apply.

This Standard encompasses precautionary principles which may lead to outcorres v.! ich would not
meet the ABCB and COAG best practice regulation principles. As appropriate, the a»sigl.er may apply
the concept of so far as is reasonably practicable (SFAIRP).

Australian Standards commonly use the load resistance factor design iethod (LRFD) in the
determination of reliability when using the semi-probabilistic m~tlkods outlined in Clause 9.4 of
this Standard.

This Standard is identical with, and has been reproduced “roix 10°2394:2015, General principles on
reliability for structures.

As this Standard is reproduced from an International Stan'arr, the following applies:
(@) Inthe source text ‘this International Standard’ should read ‘this Australian Standard’.
(b) A full point substitutes for a comma when rcfeiring to a decimal marker.

None of the normative references in the ou'ce document have been adopted as Australian or
Australian/New Zealand Standards.

The terms ‘normative’ and ‘inforriative’ nave been used in this Standard to define the application
of the annex to which they apply. A ‘normative’ annex is an integral part of a Standard, whereas an
‘informative’ annex is only for ii.formation and guidance.

© Standards Australia Limited 2017


https://www.stdhive.com/standards/as-51042017-pdf/

ii AS 5104:2017

Contents

PIEEACE .........ooooeoeeeeeeeeeeee ootk ii

FOT@WOTM ... e85 s288588188858 8 5 8 v

IIEEO@UCTION. ......ooooo sk 8585858 vi

T SCOP@ .. 1

2 Terms and defiNIIONS ..............cccoooioiiiieiee e st #
2.1 General termsS.......ccovoooveeesiieeeesieeesisess e

2.2 Terms related to design and assessment
2.3 Terms related to actions, action effects, and environmental influences
2.4 Terms related to structural response, resistance, material properties, and

geometrical quantities

3 SYIMBDOIS et e e
S 700 €Y 1< | OSSOSO S S
3.2 Latin UPPET CASE LELLETS. ..o st s
3.3 Latin lower case letters......
3.4 Greekletters............
3.5 Subscripts.....c...
4 FUNA@meENTALS ... et
g N €Y 3 V) =) I OSSR
4.2 Aims and requirements to Structures................ ..
4.2.1 Fundamental requirements to structu es
4.2.2 Target performance level.......... - - 4
4.3 Conceptual basis. ... e
4.3.1 Decisions concerning structures..............
4.3.2  Structural performance MOAELING ...
4.3.3 Uncertainty and treatment of knowledge
4.4  Approaches.....in W, N
441 General
4.4.2 Risk-informed aru celicbility-based approaches. ... 18
4.4.3 Semi-probavilis.ic ar,proaches
4.5 DOCUIMIEIIEATION oot it
5 Performance MOdelling . ..o e
501 GOIIETAL e
5.1.1 Stricturai performance and limit state CONCEPL. ...
5.1.2 Tortcrmance and performance indicators. ...

5.1.3" Batic performance requirement and design situations
5.1.4 Lvels of verification

5.2 Pertermance model.............
221 General....
5.2.2  Time-dependent aSPECES ... i
5.2.3  SYSTOIM ASPECLS ..o
2.0 Limit states......en
5.3.1 Ultimate limit state
5.3.2  Serviceability HIMIt STAtES . ...
5.3.3 Condition limit states
FSTUS 2 T 190D U] =L U o) o OO
6 Uncertainty representation and moOdelling..............c e
6.1 GOIIETAL oo
6.1.1  TYPES Of UNCEITAINEY ..oooocoii s
6.1.2 Treatment of uncertainty...................
6.1.3 Interpretation of probability
6.1.4 Probabilistic models ...

6.1.5 Population/OUtCOME SPACE.........vvvvcocerciiriesiieesseessssisese s


https://www.stdhive.com/standards/as-51042017-pdf/

AS 5104:2017 iv

6.1.6 Hierarchical modelling of uncertainty

6.2 Models for structural analysis ...
6.2.1  General ...,
6.2.2 Actions and environmental iNflUENCES ... 28
6.2.3  GEOMELTICAL PrOPETTIES. ..o 30
6.2.4 Material properties
6.2.5 Responses and resistances
6.3 MOAELS fOI CONSEQUETICES .......oooieeieeeee ettt
6.4 Model uncertainty
6.5 Experimental models
6.6 Updating of probabiliStic MOAELS. ... 3t
7 Risk-informed deciSion MaKIIE ... 35
71 GOIETAL ..ot \ )
7.2 System identification.
7.3 System modelling......
7.4 Risk quantification ...
7.5 Decision optimization and risk acCePLanCe ... e
8 Reliability-based decision MaKING ... e e 37
8.1 General
8.2 Decisions based on updated probability MEASUIES ...t T e 38
8.3 Systems reliability versus component reliability. ... e i, 38
8.4 Target failure probabilities..........cn
8.5 Calculation of the probability of failure _
Lo 70 T80 B €15 5 =) v | U OSSO
8.5.2 Time-invariant reliability problems ... s
8.5.3 Transformation of time-variant into tim»-in: arldnt problems ..
8.5.4 Out-crossing approach..........cce.
8.6 Implementation of probability-based design
9 Semi-probabilistic method ...
9.1 General....c
9.2 Basic principles ...
9.3 Representative and characteristizv *luL B .ttt R e 43
.31 ACHIONIS e e e e
9.3.2 Resistances..
9.4 Safety formats.........ccccoces
0.4, T GEINETAL ..o i e
9.4.2 Partial factor et iod ...
9.4.3 The desigl. value method
9.5 Verification in.casc of cumulative damage ... 47
Annex A (informative, Quality Management ... 48
Annex B finfermative) Lifetime management of structural integrity.............. 56
Annex C (inr>rmative) Design based on observations and experimental models............. 64
Annex D (informative) Reliability of geotechnical structures.............. 72
Annex ™ jinformative) Code calibDration ... 80
Anncx © (informative) Structural FODUSENESS ... 89
Aurne. G (informative) Optimization and criterion on life safety ... 101

B T LOGTAPIY ... 111


https://www.stdhive.com/standards/as-51042017-pdf/

v AS 5104:2017

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.<:
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenanc~ 1re
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria necded for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial 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 ni1cv be che subject of
patent rights. ISO shall not be held responsible for identifying any or all such natent .ights. Details of
any patent rights identified during the development of the document will be in ti:e Introduction 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 th~ cs.veii<nce of users and does not
constitute an endorsement.

For an explanation on the meaning of ISO specific terms ard expressions related to conformity
assessment, as well as information about ISO's adherence.to the WTO principles in the Technical
Barriers to Trade (TBT), see the following URL: Forewerd - — Supnplementary information.

The committee responsible for this document is ISO/TC 98, Rases for design of structures, SC 2, Reliability
of structures.

This fourth edition cancels and replaces the third edition (ISO 2394:1998), which has been
technically revised.

© Standards Australia Limited 2017
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Introduction

The present fourth edition of this International Standard is intended to reflect advances in the common
basis for decision making related to load-bearing structures relevant to the construction industry.
Advances range from the development of systematic and rational treatment of risk to implementation
of reliability-based design through codes and standards.

Compliance with this International Standard should therefore promote harmonization of design
practice internationally and unification between the respective codes and standards such as for actions
and resistances for the respective structural materials.

The principles and appropriate instruments to ensure adequate levels of reliability proviac. for
special classes of structures or projects where the common experience base need to be extendcd ii..a
rational manner.

In particular, a risk framework has been introduced which is scenario based, facili. tes :inified
modelling approaches over different applications, accounts for consequences of both a direct and
indirect nature, and has emphasis on robustness.

Whereas requirements to safety and reliability in the previous edition of this Inte:mati)nal Standard
took their basis in efficiency requirements of a heuristic character, these.arc. row based on risk
considerations and socio-economics. This, in turn, facilitates a more relevc at u e of the International
Standard in the context of sustainable societal developments and adaptatici for application of the
International Standard in different nation states in accordance with e ~oriomic capacity and preferences.

The present International Standard, thus, enables the possibility ‘o regulate, verify, and document the
adequate safe performance of structures and also to conside= thum .~ < broader sense as part of societal
systems. The International Standard provides for approaches ¢t tt.-ee levels, namely the following:

— risk informed;
— reliability based;
— semi-probabilistic.

The methodical basis for this edition of ISO 7394 is described in the Probabilistic Model Codel8] and
Risk Assessment in Engineering — Prinip.=s, System Representation and Risk Criterial2l by the Joint
Committee on Structural Safety (JCES). ind EN 1990 (2007), where the reader will find additional
information of relevance for its use.

Informative Annexes are inclu'led to this International Standard as a support to its users in the
interpretations and use of t'ie ; rir.ciples contained in its clauses.

© Standards Australia Limited 2017
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Australian Standard®

General principles on reliability for structures

1 Scope

This International Standard constitutes a risk- and reliability-informed foundation for decision making
concerning design and assessment of structures both for the purpose of code making and in the context
of specific projects.

The principles presented in this International Standard cover the majority of buildings, infrastruc-ui »
and civil engineering works, whatever the nature of their application and use or combinatioi..of the
materials used. The application of this International Standard will require specific adentation and
detailing in special cases where there are potentially extreme consequences of failure2).

This International Standard is intended to serve as a basis for those committees respo. sible for the
task of preparing international standards, national standards, or codes of practict 'n accordance with
given objectives and context in a particular country.

The present International Standard describes how the principles of risk and reiiat ility can be utilized to
support decisions related to the design and assessment of structures and sy_*ems involving structures
over their service life. Three different but related levels of approach a1~ facilitated, namely, a risk-
informed, a reliability-based, and a semi-probabilistic approach.

The general principles are applicable to the design of complet~ st 'uctures (buildings, bridges, industrial
structures, etc.), the structural elements and joints making up ! ¢ structures and the foundations. The
principles of this International Standard are also applical'le to tie successive stages in construction,
the handling of structural elements, their erection, and &'l wr'\ on-site, as well as the use of structures
during their design working life, including maintenancv.and rehabilitation, and decommissioning.

Risk and reliability are concepts accounting for anc de: cribing actions, structural response, durability,
life-cycle performance, consequences, design rules, workmanship, quality control procedures, and
national requirements, all of which are mutu. lly dependent.

The application of this International Standa.d necessitates knowledge beyond what is contained in the
Clauses and the Annexes. It is the re<pracibility of the user to ensure that this knowledge is available
and applied.

2 Terms and definitior.s

2.1 General tern.s

211

structure

organized ~on.hination of connected parts including geotechnical structures designed to provide
resistance and rigidity against various actions

2. .2
structural member
phsically distinguishable part of a structure, e.g. column, beam, plate, foundation

1) The present International Standard is completely general from the perspective of basic principles and can be
applied for any structure below, on, and over the surface of the Earth.

2) This concerns, for example, structures of nuclear power plants and offshore oil and gas facilities in highly
sensitive environments.

© Standards Australia Limited 2017
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