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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 1SQO_also take part in the work 1SO collabhorates closely with the International Electrotechnical

Commissipn (IEC) on all matters of electrotechnical standardization.

Internationjal Standards are drafted in accordance with the rules given in the ISO/IEC Directives,|Part 3.

Draft Interpational Standards adopted by the technical committees are circulated to the member bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies castjng a vote.

Attention is drawn to the possibility that some of the elements of this InternationalnStandard may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights.

Internationjal Standard ISO 13822 was prepared by Technical Committee ISO/TC 98, Bases for design of
structures| Subcommittee SC 2, Reliability of structures.

Annexes A to H of this International Standard are for information only.

This corrgcted version of 1ISO 13822:2001 incorporates the following corrections. The flowchart in Annex B has
been corrgcted and the year of publication of reference [8];in‘the Bibliography has been changed.

© 1SO 2001 — All rights reserved \
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Introduction

The continued use of existing structures is of great importance because the built environment is a huge economic
and political asset, growing larger every year. The assessment of existing structures is now a major engineering
task. The structural engineer is increasingly called upon to devise ways for extending the life of structures whilst
observing tight cost constraints. The establishment of principles for the assessment of existing structures is needed

because it i

d requires

knowledge b
procedures fi
Engineers c
expenditure.
agreement W

The basis for
ISO 2394. H
structural rel

hased on an qplnrnnr‘h that is Qlthfﬂnfiﬂ”y different from the dneign of new structures_a

eyond the scope of design codes. This document is intended not only as a standard of prin
br the assessment of existing structures but also as a guide for use by structural engineers 3
Bn apply specific methods for assessment in order to save structures and to ‘reduce
The ultimate goal is to limit construction intervention to a strict minimum, a goal‘that is
ith the principles of sustainable development.

the reliability assessment is contained in the performance requirements for, safety and servi
conomic, social, and sustainability considerations, however, resultCin—a greater differe
ability for the assessment of existing structures than for the design of. new structures

ciples and
nd clients.
a client's
clearly in

ceability of
ntiation in

Vi
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INTERNATIONAL STANDARD

ISO 13822:2001(E)

Bases for design of structures — Assessment of existing

structures

1 Scope

1.1 Thig International Standard provides general requirements and procedures for the assessme
structures| (buildings, bridges, industrial structures, etc.) based on the principles of structural r

consequences of failure. It is based on ISO 2394.

12 ltis

specified based on accepted engineering principles and/or design rules, as wellas structures const

basis of g

initiated under the following circumstances:

an an

a reli
comp

struct

struct

NOTE 1

account cofcerning the preservation of the historical appearance of the structure and the preservation of its histor

1.3  Thisg
can be reg

1.4 This
detailed cg

NOTE 2
created by
response ir|

1.5 This

applicable to the assessment of any type of existing structure that was originally designed,

ood workmanship, historic experience and accepted professional: practice. The assess

licipated change in use or extension of design working life;

Ability check (e.g. for earthquakes, increased traffic “actions) as required by authoritie
Anies, owners, etc.;

Liral deterioration due to time-dependent actions:(e.g. corrosion, fatigue);

Liral damage by accidental actions (see 1SQ)2394).

This International Standard is applicable to historical structures, provided additional considerations

uired depending on the type-of material, such as concrete, steel, timber, masonry, etc.

International Standard provides principles regarding actions and environmental influer
nsideration will be_nécessary for accidental actions such as fire and earthquake.

Fire resistance/requires properties different from those for structural safety and integrity. Also fire h
change in-use.” Special requirements are necessary for seismic hazards, taking the dynamic action
to account:

International Standard is intended to serve as a basis for preparing national standards

ht of existing
bliability and

alysed and

n
&cted on the

ent can be

s, insurance

are taken into
cal materials.

International Standard is applicable to existing structures of any material, although specific adaptation

ces. Further

hzards can be
and structural

or codes of

practice i

accordance with current engineering practice and the economic conditions

2 Normative reference

The following normative document contains provisions which, through reference in this text, constitute provisions of
this International Standard. For dated references, subsequent amendments to, or revisions of, any of these
publications do not apply. However, parties to agreements based on this International Standard are encouraged to
investigate the possibility of applying the most recent edition of the normative document indicated below. For
undated references, the latest edition of the normative document referred to applies. Members of ISO and IEC
maintain registers of currently valid International Standards.

ISO 2394:

© SO 2001 -
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3 Terms

and definitions

For the purposes of this International Standard, the terms and definitions given in ISO 2394 and the following apply.
(See also annex A.)

3.1
assessment

set of activities performed in order to verify the reliability of an existing structure for future use

3.2
damage

unfavourabl

3.3
deterioratio
process that

naturally
repeated
normal g
wear du
imprope
3.4

deterioratio
mathematica

3.5
inspection
on-site non-g

3.6
investigatio
collection an

3.7

load testing
test of the st
capacity

3.8

change In the conaition or a structure that can afltect structural perrtormance

n
adversely affects the structural performance, including reliability over time due to

occurring chemical, physical or biological actions,
actions such as those causing fatigue,

r severe environmental influences,

e to use, or

r operation and maintenance of the structure

h model

estructive examination to establish the present condition of the structure

h
 evaluation of information through inspection, document search, load testing and other testi

ructure or_part'thereof by loading to evaluate its behaviour or properties, or to predict its lo

maintenance

| model that describes structural performanceas a function of time, taking deterioration into account

g

hd-bearing

routine intervention to preserve appropriate structural performance

3.9
material pro

perties

mechanical, physical or chemical properties of structural materials

3.10
monitoring

frequent or continuous, normally long-term, observation or measurement of structural conditions or actions

© I1SO 2001 - All rights reserved


https://standardsiso.com/api/?name=d9ff29806a4de9743b20beb43f21fb58

ISO 13822:2001(E)

3.1

reference period

chosen period of time which is used as a basis for assessing values of variable actions, time-dependent material
properties, etc.

NOTE The remaining working life or the minimum standard period for safety of an existing structure can be taken as
reference period (see annex F).

3.12
rehabilitation
work required to repair, and possibly upgrade, an existing structure

3.13
remaining working life
period for which an existing structure is intended/expected to operate with planned maintenance

3.14
repair, verb
(of a strugture) improve the condition of a structure by restoring or replacing existing components that have been
damaged

3.15
safety plan
plan specifying the performance objectives, the scenarios to be considered for the structure, and alll present and
future megsures (design, construction, or operation, such as monitoring) to ensure the safety of the strlcture

3.16
structural performance
qualitative| or quantitative representation of the behaviour~of a structure (e.g. load-bearing capacity| stiffness) in
terms of itp safety and serviceability

3.17
target relipbility level
level of reljability required to ensure acceptable safety and serviceability

3.18
upgrading
modificatigns to an existing structureto improve its structural performance

3.19
utilization plan
plan contgining the inténded use (or uses) of the structure, and listing the operational conditions of |the structure
including maintenancefrequirements, and the corresponding performance requirements

4 General framework of assessment

4.1 Objectives

The objective of the assessment of an existing structure in terms of its required future structural performance shall
be specified in consultation with the client (the owner, the authority, insurance companies, etc.) based on the
following performance levels.

a) Safety performance level, which provides appropriate safety for the users of the structure.

b) Continued function performance level, which provides continued function for special structures such as

hospitals, communication buildings or key bridges, in the event of an earthquake, impact, or other foreseen
hazard.

© 1SO 2001 — All rights reserved 3
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c) Special performance requirements of the client related to property protection (economic loss) or serviceability.
The level of this performance is generally based on life cycle cost and special functional requirements.

4.2 Procedure

The assessment procedure is composed in general of the following steps so that the assessment is carried out
taking into account the actual conditions of the structures (see the flowchart in annex B). The procedure depends
on the assessment objectives (see 4.1), and on specific circumstances (e.g. the availability of the design
documents, the observation of damage, the use of the structure). A site visit is recommended prior to initiating the
procedure.

a) Specificdtion of the assessment objectives.
b) Scenarigs.
c) Prelimingry assessment:

1) study of documents and other evidence;

2) preljminary inspection;

3) preliminary checks;

4) dec|sions on immediate actions;

5) recommendation for detailed assessment.
d) Detailed[assessment:

1) detgiled documentary search and review;

2) detailed inspection and material testing;

3) detgrmination of actions;

4) determination of properties of.the/structure;

5) structural analysis;

6) verification.
e) Results ¢f assessment:

1) report;

2) contepiual design of construction interventions;
3) control of risk.
f) Repeat the sequence if necessary.

The procedure outlined above may be applied to both the assessment of one specific structure and the assessment
of a group of structures.

4 © I1SO 2001 - All rights reserved
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4.3 Specification of the assessment objectives

At the outset, the objective of the assessment of the structure shall be clearly specified in terms of its future
performance in an agreement between the client, the authorities when relevant and the assessing engineer
(see 4.1). The required future performance shall be specified in the utilization plan and safety plan.

4.4 Scenario

Scenarios related to a change in structural conditions or actions should be specified in the safety plan in order to
identify possible critical situations for the structure. Each scenario is characterized by a predominant process or
action and, where appropriate, by one or more accompanying processes or actions. The identification of scenarios

representg the basis for the assessment and design of interventions to be taken to ensure structural safety and
serviceability.

4.5 Pre]liminary assessment

451 Stliidy of documents and other evidence

Design and inspection documents contain important information that is necessaryfor a thorough assessment of an
existing sfructure. It shall be verified that the documents are correct, and\that they are updatdd to include

informatio
environmg
shall be re

4.5.2 Preliminary inspection

The aim d
visual obs
visible def
a qualitat
possible d

4.5.3 Preliminary checks

The purpd
serviceabi
Based on

4.5.4 Decisions on immediate actions

When the
necessary

public saf¢ty. If\there is uncertainty, the critical deficiencies should be assessed immediately and act

necessaryj

n of any previous intervention to the structure. Other evidence), such as the occurrence
ntal or seismic actions, large actions, changes in soil conditions, corrosion, and misuse of
corded and documented.

f a preliminary inspection is to identify the structural system and possible damage to the
brvation with simple tools. The information collééted is related to aspects such as surface ch
brmations, cracks, spalling, corrosion. The résults of the preliminary inspection are expresse
ve grading of structural conditions (e.g.-hone, minor, moderate, severe, destructive, U
Bmage.

ity of the structure with‘a’view to focussing resources on these aspects in subsequent
hese results, it is thenjudged whether a further investigation is necessary or not.

preliminary,inspections and/or checks clearly indicate that the structure is in a dangerous @
to repartito the client that interventions should be taken immediately to reduce the danger w

of significant
he structure,

structure by
aracteristics,
d in terms of
nknown) for

se of the preliminary checks is to identify the critical deficiencies related to the futur¢ safety and

assessment.

ondition, it is
ith respect to
ons taken, if

455 Re

commendations for detailed assessment

The preliminary checks may clearly show the specific deficiencies of the structure, or that the structure is reliable
for its intended use over the remaining working life, in which case a detailed assessment is not required. Where
there is uncertainty in the actions, action effects or properties of the structure, a detailed assessment should be
recommended in accordance with 4.6.

© 1SO 2001 — All rights reserved
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4.6 Detailed assessment

4.6.1

Detailed documentary search and review

The following documents, if available, should be reviewed:

details of modifications;

4.6.2 Detalled inspection and material testing

The details 4

from design
doubts, the
determined
information t
distributions

4.6.3 Dete

Actions and,
ISO 2394, ta

4.6.4 Dete

Testing of th

approaches
demonstrate

4.6.5 Strug

Structural an|
structure. Th
of an existin
the reliability

ISO 2394, and an appropfiate analysis method shall be used. In the case of deteriorated structures, it i

to understan

Some examy

regulations and by-laws, codes of practice which were used for constructing the structure;

drawings, specifications, structural calculations, construction records, inspection and maintenance records,

topogray

Trom a detailed inspection and material testing. The planning of sueh an inspection is

hy, subsoil conditions, groundwater level at the site.

nd dimensions of the structure as well as characteristic values of material properties can b
etails and dimensions of components and properties of materials assumed for the analys|

hat is already available. The detailed quantitative inspection will result in a set of updated
for certain relevant parameters that affect the properties of the structdre (see annex C).

mination of actions

King into account provisions laid down in the safety and utilization plan.

mination of properties of the structures
e structure is used to measure its properties and/or to predict the load-bearing capacity v

uch as detailed structural analysis orinspection alone do not provide clear indication or ha
adequate structural reliability (seesannex D).

tural analysis

alysis in accordance with"ISO 2394 shall be carried out to determine the effects of the acti
e capacity of structural.components to resist action effects shall also be determined. The de
) structure shall be\taken into consideration. When deterioration of an existing structure is
assessment of\the structure becomes a time-dependent deterioration problem as de
] the causes/for the observed damage or misbehaviour.

les of appropriate analysis methods to assess time-dependent reliability can be found in anr

NOTE F

B obtained

documents, provided that the documents exist and that there is no reason\for doubt. In case of any

s shall be
based on
values or

in particular, environmental actions on structures shall be determined by analysis in accorglance with

hen other
e failed to

bns on the
terioration
observed,
scribed in
5 essential

ex E.

r deterioration, it is often more practical to use service-life predictors (such as S-N curves for fatigu

p or time-to

spalling models for corrosion of reinforcement) based on test data.

4.6.6 Verification

The verification of an existing structure should normally be carried out to ensure a target reliability level that
represents the required level of structural performance (see 4.1 and annex F). Current codes or codes equivalent to
ISO 2394 which have produced sufficient reliability over a long period of application may be used. Former codes
that were valid at the time of construction of an existing structure should be used as informative documents.

Alternatively,

verification may be based on satisfactory past performance (see clause 8).

© I1SO 2001 - All rights reserved
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4.7 Results of assessment

4.71

Report

The results of assessment shall be documented in a report (see annex G for an example).

4.7.2 Conceptual design of construction interventions

If the structural safety or serviceability is shown to be inadequate, the results of the assessment should be used to
recommend construction interventions for repair, rehabilitation, or upgrading of the structure to perform in

accordan

e with the objective of the assessment for its remaining working life (see annex H)

4.7.3 Cantrol of risk

An alterng
control or
altering as
regime.

5 Data

5.1

Data for 4
conditions

NOTE
condition g
requiremen
However,

q

tive approach to construction interventions, which may be appropriate in somelcircums
modify the risk. Various measures to control the risk environment includeiniposing load
pects of the use of the structure, and implementing some form of in-service monitoring

for assessment

General

ssessment should be related to the material propetties, structural properties, dimension
as actually established for the existing structure and for previous and/or future actions on th

Current codes are normally design codes and therefore cannot be used directly for assessment. F

considered, which is not normally foreseen-in"a design code. Secondly, if current codes havg
ts than the codes that were applied at the 'time of design, the existing structure may be judged
s discussed in clause 7 and annex F, reduced service life and target reliability level may be con

tances, is to
restrictions,
and control

s, and other
b structure.

rst, the actual
more severe
to be unsafe.
sidered for an

existing stryicture. Furthermore, refined analyses,Aesting and a consideration of the actual behaviour of a structdyre can help in

this respect.

5.2 Act

5.21 Ac

Actions sh
modificatid

ons and environmental influences

tions

all be determingd, in accordance with current codes. Changes of actions caused by the cha
n of an existing-structure shall be taken into consideration.

5.2.2 Enjvironmental infuences

Environme

nfal influences of a physical, chemical or biological nature that can have an effect on

nge in use or

the material

properties
change in

Uf dll U)\ibiillg btlubiulc bild” IUU iakcn iIItU dbqulli. Cildllgcb ill UIIViIUIIIIIUII‘ldi illﬂuUIlbUb
use or modification of an existing structure shall be taken into consideration.

5.2.3 Original drawings and design specifications

as a result of

The actions and environmental influences for which the structure was originally designed, may be determined from
drawings and design specifications when there is no uncertainty about their validity.

5.2.4

Inspection

Environmental influences should be determined by inspection in cases of uncertainty. In such cases, some types of
actions may also be determined by inspection, for example by measurement of dimensions of components.

© SO 2001 -
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5.2.5 Site-specific data

It can be advantageous to consider the specific characteristics of a structure or its surrounding or to observe
actions when determining actions and environmental influences. It is important to adjust long-term and extreme
effects that cannot be measured directly when collecting information on actions and environmental influences.

5.3 Mater

5.3.1

Material pro
structure, n
material pro
during the hi

ial properties

Actual material properties

material properties specified in the original design of the structure or in a code or star
erties shall be assessed by considering deterioration and possible influences of aetions|
story of the structure.

5.3.2 Origipal drawings and design specifications

Material prog
their validity.

5.3.3 Mate

In cases off
destructive 1
required safe

Fial testing

uncertainty, material properties should be determined by testing, including non-des
naterial testing. The testing should be planned to produce data which is of direct conc
ty and serviceability of the structure as shown by structural analysis. The use of the structu

environmental influences on the structure shall be taken into accaunt.

5.3.4 Sampling and testing procedure

Sampling ar
locations an
shall be carri

5.3.5 Analy

When sampl
the test resu

5.4 Prope

5.4.1

d testing methods should be in accordance with the relevant International Standards.
I methods which may jeopardize structural reliability shall be avoided. Repair and/or reir
ed out immediately after sampling.

ysis of test results

bs are tested, the material-properties of the structure shall be determined, statistically if pos
ts.

rties of the structure

Testing for static and dynamic properties of structure

If the propefes of the structure are not sufficiently understood or if it is not feasible to establish th

dimensions

nd material properties by measurement, testing of the structure may be required to defing

e existing
dard. The

(e.g. fire)

erties may be determined from drawings and design specifications when'there is no uncertainty about

ructive or
ern to the
re and the

Sampling

forcement

Sible, from

required
structural

properties. Dynamic testing shall be carried out if the dynamic properties of an existing structure are required and
are not available from other sources (see annex D).

5.4.2 Geotechnical investigation

Geotechnical and subsoil influences on structural behaviour shall be investigated.

5.5 Dimensions

5.5.1

Actual dimensions

In determining dimensions of components in an existing structure, the actual dimension should be used.

© I1SO 2001 - All rights reserved
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5.5.2 Determination of dimensions

Dimensions may be determined from drawings and design specifications when there is no uncertainty about their
validity. In cases of uncertainty, dimensions should be determined by inspection and measurement.

6 Structural analysis

6.1 Models

Structural Iht:-rfnrman‘t:'a shall he nnnlyepd ||Qing maodels that rpliahly represent the actions on the structure, the

behaviour|of the structure, and the resistance of its components. The analytical model should refldct the actual
condition ¢f the existing structure.

6.2 Limit states

The structpure shall be analysed for the ultimate limit states and serviceability limit states; using the bgsic variables
and taking account of relevant deterioration processes.

6.3 Basgic variables

The followiing basic variables for use in structural analysis shall be determined by updating information about the
actual congdition of the structure:

a) actions;
b) material properties and geotechnical conditions;
c) dimengions of the structural components and subsoil geometry;

d) modelfuncertainties.

6.4 Model uncertainties
The uncertainty associated with the“validity and accuracy of the models should be considered during|assessment,

either by pdopting appropriate partial factors in deterministic verifications or by introducing probabilistic model
factors in feliability analyses.

6.5 Conversion factors

Conversiop factorseflecting the influence of shape and size effect of specimens, temperature, moistyire, duration-
of-load effects, et€.; shall be taken into account.

6.6 Uncertainty about the condition of components
When an existing structure is analysed, the level of knowledge about the condition of components shall be taken

into account. This may be achieved by adjusting the assumed variability in either the load-carrying capacity of the
components or the dimensions of their cross sections, depending on the type of structure.

6.7 Deterioration models
When deterioration of an existing structure is observed, the deterioration mechanisms shall be identified and a

deterioration model predicting the future performance of the structure shall be determined on the basis of
theoretical or experimental investigation, inspection and experience.

© 1SO 2001 — All rights reserved 9
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ation

Bases

The assessment of an existing structure shall be based on the verification of structural safety and serviceability.

7.2 Reliability assessment

The reliability assessment shall be made taking into account the remaining working life of an existing structure, the
reference period, and changes in the environment of a structure associated with an anticipated change in use.

Economic, s
assessment

7.3 Limit

Verifications
serviceability
with conside

Partial safety
(concerning,

7.4 Plaus|

The conclusi
results of str
failure, satisf|

NOTE M
also clause 8.

ocial and sustainability considerations result in a greater differentiation in structural.'re
bf existing structures than for the design of new structures.

ptates

shall be based on the limit state concept. Attention should be paid t0 both the ult
limit states. Verification may be carried out using partial safety factor or_structural reliabilit
ation of structural system and ductility of components.

factors given in current codes may be modified to take into account the inspection and t
for example, quality of workmanship, conditions of maintenance and strength variation of ma

bility check

on from the assessment shall withstand a plausibifity check. In particular, discrepancies be
uctural analysis (e.g. insufficient safety) and thetreal structural condition (e.g. no sign of
bctory structural performance) shall be explained.

hny engineering models are conservative and‘eannot always be used directly to explain an actual sif

7.5 Target reliability level

The target re
defined in pri
limit state fur

The target r|
structure (se
existing strud

liability level used for verification can be taken as the level of reliability implied by acceptar
bven and accepted designcodes. The acceptance criteria shall be stated together with clea
ctions and specific models of the basic variables.

bliability level €an~also be established taking into account the required performance le
e 4.1), the_reference period, and possible failure consequences. Lower target reliability
tures may-be used if they can be justified on the basis of socio-economic criteria (see annex

iability for

mate and
y methods

est results
terials).

tween the
Histress or

uation. See

ce criteria
rly defined

el for the
levels for
F).

8 Assespment based on satisfactory past performance

8.1

Assessment of safety

Structures designed and constructed based on earlier codes, or designed and constructed in accordance with good
construction practice when no codes applied, may be considered safe to resist actions other than accidental
actions (including earthquakes) provided that

transfer,

10

careful inspection does not reveal any evidence of significant damage, distress or deterioration,

the structural system is reviewed, including investigation of critical details and checking them for stress
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— the structure has demonstrated satisfactory performance for a sufficiently long period of time for extreme
actions due to use and environmental effects to have occurred,

— predicted deterioration taking into account the present condition and planned maintenance ensures sufficient
durability, and

— there have been no changes for a sufficiently long period of time that could significantly increase the actions on
the structure or affect its durability, and no such changes are anticipated.

8.2 Assessment of serviceability

Structures| designed and constructed based on earlier codes, or designed and constructed in accordarice with good
construction practice when no codes applied, may be considered serviceable for future use provided that

— carefyl inspection does not reveal any evidence of significant damage, distress, deterioration or displacement,

— the sfructure has demonstrated satisfactory performance for a sufficiently long,period of time|for damage,
distrefs, deterioration, displacement or vibration to occur,

— there|will be no changes to the structure or in its use that could sighificantly alter the actigns including
envirgnmental actions on the structure or part thereof, and

— predigted deterioration taking into account the present condition @nd planned maintenance ensuyres sufficient
durabjlity.

9 Intenventions

Responding to the requirements defined in the utilization plan, assessment of existing structures may result in
several pgssible interventions including repair, rehabilitation, performance monitoring and maintenance of critical
componerits, upgrading (see annex H), and demaolition. The cost and risk associated with each of the|interventions
should be [estimated.

10 Report

10.1 General

Assessmeant of an existing)Structure is typically carried out in a manner involving a number of phgses of work.
Some form of report is\usually required at the end of each phase of the work. The following clauses are related
primarily t¢ the form-ef{the final report which should be issued upon the completion of the assessment.

10.2 Conclusions

Clear conclusions with regard 1o the objective of the assessment in terms of performance requirement (see 4.3)
and the scenarios (see 4.4) should be stated after careful assessment of the structural reliability and cost of
interventions as well as public safety, structure preservation and life cycle cost.

10.3 Sufficient reliability

If the existing structure is verified to have sufficient reliability, no further action is required.

10.4 Insufficient reliability

If an assessment concludes that the reliability of a structure is insufficient, appropriate interventions should be
proposed.

©1S0 2001 — All rights reserved 11
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10.5 Recommendations for interventions

Recommendations for possible construction and/or operational interventions that are available to the client as a
logical follow-up to the conclusions should be presented. While the engineer should indicate a preferred solution, it
should be noted that the client makes the final decision on interventions. Temporary intervention for unsafe
condition may also be required immediately.

10.6 Inspection and maintenance plan

In all cases, an inspection and maintenance plan during the remaining working life should be specified depending
on the results of assessment and the utilization plan, and submitted to the client. The date or conditions for the next

assessment

10.7 Documented information

All the information obtained in the assessment should be documented in a report for_the ‘client, ing

objective of
assessment,

10.8 Repo

The report sh

11 Judge

11.1 Decis

The final deq

considering &ll the information available, is made by the client in collaboration or in consultation with th

authority.

NOTE If
to inform the r

11.2 Change in use

An important
in the report.

should be recommended.

he assessment, name of engineer (or firm), description of the structure, methods and res
as well as recommendations for relevant further steps, if necessary (see@nnex G).

ting style

all be concise and clear. A recommended report format is indicated in annex G.

ment and decision

on

ision on interventions, based on engineering judgement and the recommendations in the

he client does not respond in a reasonable time in matters of public safety, the engineer might have th
plevant authority.

change in use ofithe structure made after the assessment invalidates the recommendations

luding the
ults of the

report and
e relevant

e legal duty

proposed

12
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Annex A
(informative)

Hierarchy of terms

Document search
Investigation 4E Inspection
Testing

ISO 13822:2001(E)

Assessment

— Interventions —

Structural analysis

Verification

Maintenance
Construction 4E Rehabilitation —<{~
Demolition

Maintenance
Operation 4E Monitoring
Change in use

Repair
Upgrading
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Annex B
(informative)

General flowchart for assessment of existing structures
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Requests/Needs

Specification of the assessment objectives

Scenarios

Preliminary assessment

[« 3092 £ A + ad ath vidanecae

«Study-of- decuments-and-otherevidenee

¢ Preliminary inspection

¢ Preliminary checks

¢ Decisions on immediate actions

¢ Recommendations for detailed assessment

No

Detailed assessment ?

Yes

¢ Detailed documentary search and review

¢ Detailed inspection and material testing

¢ Determination of actions

¢ Determination of properties of the structure
e Structural analysis

o Verification

Further inspegction ?

No

Reporting, results of assessment

Judgement and decision

e Periodical
inspection
e Maintenan

e Demolition

¢ Rehabilitation —E ® Repair

e Upgrading

Yes
Sufficient reliability ?
No
Intervention
Construction Operation
¢ Monitoring

e Change in use
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Annex C
(informative)

Updating of measured quantities

C.1 Types of inspection

C.1.1 Anin
the structure
on a qualitat
minor, modsg
intuitive way
which chara

have informgtion on the probability to detect damage, if present, and on the accuracy of'the results.

vestigation of an existing structure is intended to update the knowledge about the conditio
with respect to a number of aspects. Often, the first impression of the condition of a structu
ve inspection. The description of possible damage of the structure is in verbal terms-such

by experts. A better judgement on the structure can be made on the basis of-Guantitative in
terize the current properties of the structural components. For all inspection-techniques ¢

:

(state) of
is based
as “none,

rate, severe, destructive, unknown”. Decisions based on such observation arel/made if a purely

spections,
ne should

C.1.2 Proof loading or load testing is a special kind of quantitative inspection. Thé purpose may be to|prove that
a particular |structural component is fit for use. One might also want to_get’indications of a largef group of
components| For further information, see annex D.

C.1.3 Also
action. For [
measured. F

ermanent actions such as the weight of the structure®itself, dimensions and/or densities
br offshore structures, one may check the local wave-glimate. For wind actions on structures

investigations of actions may help on the assessment. The investigation will depend on the type of

should be
of special

shape, the shape coefficients can be measured in a wind tunnek-For industrial loads, measurements may indicate
differences ffom the original design assumptions. Care must-be taken: actions in codes are intended td represent
the maximum in 50 year values which cannot be measured directly. In general it is of course not gossible to
measure thig directly.

C.2 Evalugation of inspection results

C.2.1 Givep the result of an investigation; there is a need to update the properties and reliability estimptes of the
structure. Two different methods can ke distinguished:

a) adirect ypdating of the structural failure probability;

b) updating|of the (multivariate) probability distribution of the random variables.

The second method .¢an‘be used to derive updated design values to be used in the partial factor fornjat and for
comparing directly with limit values (cracks, displacements).

When evalu4d

ting the inspection results of a certain structural member, it should be kept in mind that th¢se results

can also affect the reliability of other members or even members of other structures. For instance, the detection of
cracking or corrosion in one member will make the presence of cracks and corrosion in other similar members
more likely

C.2.2 Direct updating of the structural failure probability [method a) in C.2.1] can formally be carried out using the
following basic equality from probability theory:

P{F NI}

P{F|1}= PLIY

(C.1)
where

N means the intersection of two events;
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| means conditional upon;

F d

esignates local or global structural failure;

I  stands for the inspection information, for instance “the fatigue crack at joint B is smaller than the detection

mit”.

The denominator P{ 1} in equation (C.1) is a normalizing constant, which follows from

PF|I}+P{S|1}=1,0

where S st

C.2.3 T
given form

I

where

Jxlx)
C
Slx | 4

A

aTTas for-“mon=faiture™or-“survivat'™-

e updating procedure of the multivariate or individual probability distributions [method b
ally by:

K| 1) =CP{I]|x}fdx)

is a basic variable or statistical parameter;
is an inspection result [as in equation (C.1)];
is the probability density of X before updating;
is a normalizing constant;
) is the probability density of X after updating with information

1 is the likelihood of finding informatien-/ for given value x of X.

An iIIustra’tion of equation (C.2) is presented-in Figure C.1. Note that in general the design value of

distributio
NOTE 1

NOTE 2
between bg
individual p

might also be lower than the.design value of the initial distribution.
Further information can be found in ISO 2394, ISO 2854 and ISO 12491.

When the updating precedure is performed for each random variable separately, a possible error is th
sic variables after Gpdating are neglected. Whether or not this is acceptable depends on the typical a
foblem.

in C.2.1] is

(C.2)

the updated

at correlations
spects of each

© 1SO 2001 — All rights reserved
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x
&
2
1\
X4 X4 X
Key
1 Initial dis{ribution
2 Updated fistribution
Figrre C.1 — Original and updated probability density function’for an inspected variable

C.2.4 Once updated distributions for the basic variables in the structdre have been found, one may ca

updated faily
updated des

from (see IS
xg=nu(1
Xq = M exy
where
xq s th
u o isth
a s th
p  isth
Vs th

+ af V) (normal random variable)

re probability P{F'| I} by performing a probabilistic analysis. A more practical procedure is to
gn values for each random variable. For a resistarice parameter X, the design value can b
D 2394):

(~af 6—-0,5062) (log normal randomrvariable)

e updated design value for)X;

e updated mean yalue;
e probabilistic/influence coefficient;
e target-reliability index;

ecupdated coefficient of variation;

1

culate the
determine
b obtained

(C.3)

(C.4)

azzln(1+V2)

The value of the target reliability index g is discussed in annex F; the values of « can be taken equal to those
commonly used for new structures (0,7 for the dominating load parameter, 0,8 for the dominating resistance
parameter and 0,3 for non-dominating variables according to ISO 2394).

As an alternative procedure, one might also determine first a characteristic value x, and calculate the design value
by applying the appropriate partial factor y,:

x4 = Xk /¥m

18

(C.5)
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x, = 4 (1=kV) (normal random variable) (C.6)
X = pexp(-ko— 0,502) (log normal random variable) (C.7)

The value k = 1,64 is usually used. It may be helpful to consider both methods and to use the most conservative
result.

For loads and geomechanical properties, a similar procedure may be applied, but usually another distribution type
will be more appropriate.

After the evaluation of the updated design values, one may check the structural reliability using the standard
procedure|for new structures: it should be verified that, based on the design material and geometrical properties, all
relevant limit states are not reached when the design actions are applied to the structure.

C.3 Example
The idea pehind this example is based on the testing procedure of timber for new structures. Thg¢ example is
presented|only as an illustration of the theory. Formulae and numbers have begn highly simplified.| It should be
noted that| in particular for deteriorated structures, data may have to be chosenwith much care.

Consider @ simply supported timber beam loaded by a point load Q in itsymid span. The safety mardin for such a
beam is given by:

Ms=|Wf—OL /4 (C.8)

The desighation of all variables and the numerical valuesiused in this example are presented in Table C1. All
random vgriables are assumed to be normally distributed!

Table C.1 — Data used in example

X Designation Unit Mean cv Value of xy

L Span m 4 — 4

W | Plastic section modufus m3 0,010 4 — 0,010¢

[ | Moment of ineftia m4 0,000 2 — 0,000 p

¢ | Load kN 100 0,2 100
Material\strength MPa 20 0,15 15

£ | Modulus of elasticity GPa 30 0,15 30

Failure of the beam corresponds to the event Mg < 0. Using standard reliability techniques (see ISO 2394), one
may evaluate a failure probability P{ M g < 0} = 0,002 8. The corresponding reliability index is g = 2,77. This may be
considered as being too low (see annex F). For a semi-probabilistic judgement of the reliability, one might use the
characteristic values in the last column of Table C1. The standard requirement is:

L
% S % (C.9)
m
where
Ym is the partial resistance factor;

©1S0 2001 — All rights reserved 19


https://standardsiso.com/api/?name=d9ff29806a4de9743b20beb43f21fb58

ISO 13822:2001(E)

YE is the partial load factor.

Taking ¥y, = 1,2 and yg =1,5 one finds:
W = (0,0104)(15) _ 0,130 MNm = 130 kNm (C.10)
Ym 1,2

YE 4Q'< L _(9)(100)#) _ 450 knm (C.11)
Therefore, the timber beam considered in this example does not satisfy the requirement expressed by
equation (C.9).

Assume next that the beam is proof loaded by a deterministic load O, = 50 kN. Let a defleCtion of 9 mm be
measured. Akccording to the theory of elasticity, the deflection is given by

u =0y L3YABEI
which meang that equivalently £ may be estimated as:

E=Q,LP/48 Iu = (50)(43)/48)(0,000 2)(0,009) = 37 GPa (C.12)
This indicatgs that the beam is stiffer than average. Since for timber, stiffness and strength show [a positive
correlation, this test result also indicates a more reliable resistance. Let the correlation between K and f be
quantified aq pg = 0,5. Using standard formulae from the theory-ef the multi-dimensional normal distrigution, one
may derive as “updated” mean and standard deviation for the strength 7

37— u
M y\E=37|GPa = My +PEsO 1 {G—E} (C.13)
E
=20 +(0,5)(3,0){37 ‘30} =22 MPa

O jp=31cpa = 0 1~ P s 2. 526 MPa (C.14)
Given these|updated distributions for f, one may calculate the failure probability, P{Mg < Oltest result} as being
0,000 08 corfesponding te~f = 3,76, which may be considered as sufficient. In a partial factor verificatior], one may
update the characteristic value for f'as,

Sk = H fitést result_1’640'f|test result (C.15)

=22

~(1,64)(2,6) = 18 MPa

This raises Wfi/x,, from 130 kNm to 153 kNm which is also sufficient. It should be noted that the updating given by

equations (C

20

.13) and (C.14) is valid for the considered beam only.
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Annex D
(informative)

Testing for static and dynamic properties of structures

D.1 Objectives

D11 M
structures
forced vib
Load testi
not amen
field tests.

D.1.2 Tg
provided t

The
comp
accor

a)

b) When

impro

c)
during

D1.3 Tg
objectives

a) topre

b) to obt

c) toexe

d) toide
and

e) toeve

bny kinds of field testing are useful for the assessment of static and dynamic propertie
(e.g. a horizontal loading test or a forced vibration test of a complete structure, a verticalloa
ation test of components of a structure, a horizontal or vertical microtremor measurement o
g of a complete structure is costly and time-consuming. However, there may besome struc
ble to calculation. In such cases, the only way to assess the properties of thie)structure is

sting for the static and dynamic properties of structures may be seléeted as a part of an
nere is a satisfactory reason, such as the following.

esting is useful in providing additional evidence including™cases when deterioration
bnents has occurred, when there is a change of use, or when“construction has not been
Hance with the design drawings and specifications.

calculations cannot be completed with confidence;d6ad testing and vibration testing ca
ved understanding of the actual behaviour of the structure, which cannot be obtained in any

Strucfural components forming part of an existing\structure behave differently from the behavi

the design.

sting for static and dynamic properties of structures should have clear objectives. Exa
are

dict directly the ultimate resistance or to establish serviceability properties of structural parts
bin specific material properties,
mine the behaviaUr of existing structures or structural components,

htify system_parameters used for verification of analysis, such as fundamental period, da

luate the load-bearing capacity of structure by a specific load test, i.e. proof loading.

s of existing
ding test or a
a structure).
ures that are
to carry out

assessment

of structural
carried out in

h provide an
bther ways.

pur assumed

mples of the

mping factor,

s £ ) o s l 'l - ades. £ 4l b N L 1 b £ 4L fall - H'H
D.1.4 TbbLlllg Torthe—staticana aymamiC propertes of the Structures may - oe Serected 1T the Tonowmg conditions

are met.
a)

b)

The testing is conducted in such a manner as to prevent sudden and uncontrollable collapse during the test.

Load sharing among structural components should be taken into consideration. Load sharing can occur such

that adjacent components also act in resisting the applied load when a single component is loaded. Load
sharing also influences the dynamic properties of the structure.

inspection before, during and after the test.

d)

© SO 2001 -

The influence of temperature changes on the instrumentation should be considered.
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It is important in the load testing and vibration testing that the structure be exposed and accessible for visual
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D.2 Test planning

D.2.1 Agreement to test plan

Prior to the execution of the testing, a test plan should be agreed with the client and testing organization. In the test
plan, the objective of the test and all specifications necessary for the selection of the test specimens, and the
execution of the tests and the test evaluation should be clearly stated. In particular, the plan of the test should

include descriptions of the items described in D.2.2 to D.2.8.

D.2.2 Scope of test plan

Information rlequired from the test should be clearly stated, for example the required properties, the™in

certain parari

D.2.3 Expe

It is essentia
limit state un
and environn
be described

plan should e developed on the basis of accompanying pilot tests.

D.2.4 Speg

The properti
restraints. Ng

heters varied during the test and the range of validity.

cted behaviour

to present a description of all properties and circumstances which can influence the behay
der consideration (e.g. geometrical parameters and their tolerances, material properties, sG
nental influences). Modes of failure and/or calculation models with the.carresponding variab
. When the prediction of the critical failure modes expected in the test is extremely doubtf

ification of test specimen

bs of the test specimen should be specified, in particular, the dimensions, sampling proce
rmally a representative sample in the statistical sehnse should be aimed for.

fluence of

iour at the
ale effects
les should
I, the test

dures and

D.2.5 Static and dynamic loading and vibration specifications
Loading progedure and environmental influences-in. the test should be specified, in particular, loading points,
loading pathg in time and space, excitation locations, excitation forces, temperatures, loading by deformation or

force control
anticipated
effects of th
structural reg

D.2.6 Meagsurements plan

Prior to the g¢xecution of the\test, a list should be made of all relevant properties of each individual test

(e.g. time hi
and accurac
observation
measuremer]

etc. Loading paths and excitation.forces should be selected such that they are representa

cope of application of the structural component. Account should be taken of possible un
bse actions, which are considered in calculations in comparable cases. Interaction of a
ponse should be considered-where relevant.

stories of displacements, velocities, accelerations, strains, forces and pressures, required

of measurements and measuring devices). Similarly, a plan of observation points and m
and recording should be made. Depending on the type of test, it is recommended
ts be made available during the test.

ive for the
favourable
ttions with

specimen
frequency
ethods for
hat some

D.2.7 Testing arrangement

Special attention should be given to measures to ensure sufficient strength and stiffness of the loading and
supporting rigs, and clearance for deflections, etc.

D.2.8 Consent

In all cases, consent should always be obtained from the client (owner, authority, insurance companies, etc.), and
full consideration should be given to any possible adverse effects on the structure or occupants. The consent of

local authorit

22

ies may also be required.
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D.3 Evaluation of test results

D.3.1 The measurement of the static, dynamic or both properties obtained in the test should be compared with
those predicted by analytical models. When a large deviation from the prediction occurs, the reason should be

investigated and explained, involving additional tests if necessary.

D.3.2 Where relevant, the evaluation of test results should be on the basis of statistical methods. In

principle, the

test should lead to a statistical distribution for the preselected unknown variables, including the statistical
uncertainties. Based on this distribution, design values, characteristic values and partial safety factors to be used in
partial coefficient design can be derived. Only the characteristic value can be derived while the partial factor is

taken from normal design procedure.

D.3.3 If the test results depend on the load duration or history, amplitude of vibrational respens
scale, enfironmental influences or other non-structural effects, the analytical model should take)the
account by use of appropriate factors, non-linearity and scaling rules.

D.3.4 When the test results are evaluated to be valid, the extrapolation can be available to cover

paths or excitation forces while it requires additional information (e.g. from experiences of prev
analytical ptudies).

D.4 Report

It is recomimended to report the test results using the content outlined in annex G. It may be appropt
the test repults separately or to put them in an annex to the main report.

e, volume or
5e items into

bther loading
ous tests or

iate to report
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E.1

Annex E
(informative)

Assessment of time-dependent reliability

Introduction

When asses
the strength,
only the load
the assessm

5ing the reliability and remaining working life of existing structures, the effect of time variatig
due to, for example, deterioration, and the load characteristics should be taken into"aeco
varies with time, the method described in ISO 2394 and bibliographic reference [3] may b
ent. For time-variant reliability problems where the resistance is deteriorating and the

time- invariapt, the reliability assessment may be performed by considering the -strehgth cha

correspondin
characteristig

g to the end of the working life of the structure. When both the strength characteristics an
s vary with time, the assessment requires special consideration as described in this annex.

E.2 Terms$ and definitions

For the purpg@ses of this annex, the following terms and definitions apply.

E.21

load charac
qualitative an
occurrence r

E.2.2

eristics
d quantitative description of load intensity, which\may vary in time, such as the duration, in
pte of the load events and the mean value and standard deviation of the intensity at any poin

non-homoge¢neous random vector process
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E.3 Strength characteristics varying slowly in time

E.3.1

When the strength is slowly deteriorating and the load characteristics vary with time, the reliability

assessment in principle could be addressed as a first passage problem of a non-homogeneous random vector
process (see ref. [3]. Figure E.1 illustrates the process schematically. In spite of the simplicity of concept,

considerable

24

simplifications are needed for in most practical applications.
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Figure E.1 — lllustration of the time-dependent problem with strength characteristics valying

slowly with time
E.3.2 When the threshold b(¢) is high enough, it may bé& assumed that the threshold crossing process is a

Poisson process with intensity vy. The probability distribution function of the time to the first crgssing of the
threshold, |F';(¢), may thus be estimated by

Fr(

~

t
:1—exp{—J-VX{t,b(r)}dT] (E.1)

0

where v,[1,b()] is the local out-crossing ‘rate of the load process, X(¢), above the time varying threghold, b(z), at
time ¢.

E.3.3 The threshold function-s(¢) is often a function of the resistance R, for example, in fatigue prack growth
problems where the residual’strength is a function of the time in-variant crack growth material propgrties. In this
case b(t) [s written as &{tR). Furthermore the statistical characteristics of the load process X{(¢#) may depend on
other usuglly slower.varying processes or stationary sequences Q. This is for example the case when considering
wave-induced loading where the wave force spectrum depends on the stationary sequence descriping the sea
state characteristics. Introducing both R and Q and applying the approximation given in reference [5], equation (E.1)
is rearranged and approximated by

t
Fr(t)=1-Ep {exp[—J.EQ [vX{r,b(r,R),Q}] dr]} (E.2)

0

in which Eg[-] and Eg[ -] are the expectation of - in terms of R and Q, respectively. Commercial software is readily
available for the evaluation of equation (E.2). For codification purposes, the solution to equation (E.2) in the case of
stationary renewal processes and monotonously decreasing thresholds should be considered (see reference [6]).

E.3.4 When the hazard function, /(r), defined as the conditional probability of failure that failure occurs in the

interval (¢, ¢ + di], given that the structure has survived up to ¢ is available, the probability distribution function of the
time to failure can be expressed (see ref.[4]) as
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t
Fr(t)=1- exp[—j h(z) dr} (E.3)

0
E.3.5 When the resistance is modelled as a function of time as R(r) = R-g(¢), where g(¢) is the degradation function
defining the fraction of the initial strength R remaining at time ¢, and the load occurrence is modelled by Poisson
process with mean occurrence rate A. Then the probability of failure within time interval [0, 7] is expressed (see
references [4] and [7]) as

F(t)=1-Ep (exp{—ﬂt-|’1 _;-jFS [R-g(r)]drm (E.4)
0

in which F¢(d) is the probability distribution function of load intensity, S.

Figure E.2 illpstrates schematically the load process and degradation of resistance. In Figure‘E.2, fx(r) and f¢(s) are
the probabilify densities of R and S, respectively, and ux(f) and ug are the mean values ofiR(t) and S, reppectively.
This approa¢h can address the deterioration due to corrosion, sulfate attack to concrete structures, gnd similar
environmental effects. The effect on inspection and repair can be considered by _modelling g(¢) agcordingly.
Examples of[application of this approach to a real structure can be found in reference{8].

fr(r)
S, \,UR
Hs
fs (s)
SZ 53 Sn-1 Sn
Time, T

i |

igure E.2 — Schematic representation of load process and degradation of resistance

E.4 Strength characteristics varying rapidly with time

When the s{rength characteristics deteriorate rapidly, it may be sufficiently accurate to approximate| the time-
dependent problem by a time-independent problem in which the load intensity is represented by its maximum value
and the strength characteristics is represented by its lowest value during the reference period. For example, the
probability of failure due to fatigue crack growth for the interval [0, 7] is assessed sufficiently accurately by using the
strength characteristics corresponding to time ¢, i.e. the lowest value during the reference period, and the maximum
value distribution of the load during the reference period. The situation is schematically illustrated in Figure E.3.
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Figure E.3 — lllustration of the time-dependent problem with strength characteristics va
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