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ISO 138

Foreword

22:2010(E)

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-g

avernmental in liaison with 1SO_also take part in the waork 1SQO collaborates clo

ly with the

Interr

Interr

The main task of technical committees is to prepare International Standards. DraftyInternation

adop
Intern

Attention is drawn to the possibility that some of the elements of this document may be the sub

rights

ISO 1
SC2

ational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization

ational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Fart 2.

al Standards

ed by the technical committees are circulated to the member bodies for .voting. Publigation as an

ational Standard requires approval by at least 75 % of the member bodies-casting a vote.

. ISO shall not be held responsible for identifying any or all such patent rights.

ect of patent

3822 was prepared by Technical Committee ISO/TC 98, Bases for design of structures, Subcommittee

Reliability of structures.

This |second edition cancels and replaces the first edition (ISO 13822:2001), which has been technically
revised, including the addition of a new Annex |, the asseciated change to the Foreword and witl) some minor
editofial changes.
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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 stru ' i it | i i i ign of
new structurgs and requires knowledge beyond the scope of design codes. This document is intended not
only as a stafement of principals and procedures for the assessment of existing structures but also-as\a guide
for use by stfuctural engineers and clients. Engineers can apply specific methods for assessment in order to
save structufes and to reduce a client's expenditure. The ultimate goal is to limit construction intervention to a
strict minimum, a goal that is clearly in agreement with the principles of sustainable development.

The basis fpr the reliability assessment is contained in the performance requirements for safety and
serviceability] of ISO 2394. Economic, social and sustainability considerations, however, result in a gieater
differentiatiof in structural reliability for the assessment of existing structurescthan for the design off new
structures.

Vi © 1SO 2010 — All rights reserved
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INTERNATIONAL STANDARD

ISO 13822:2010(E)

Bases for design of structures — Assessment of existing
structures

1

This [International Standard provides general requirements and procedures for the assessme
strucfures (buildings, bridges, industrial structures, etc.) based on the principles of strfuctural
consgquences of failure. It is based on ISO 2394,

cope

:l\t of existing

eliability and

It is gpplicable to the assessment of any type of existing structure that was originally designed, @nalysed and

specified based on accepted engineering principles and/or design rules, astwell as structures cq
the bpsis of good workmanship, historic experience and accepted professional practice. The ass
be inftiated under the following circumstances:

This

in Anhex | are taken into account.

This

can he required depending onthe-type of material, such as concrete, steel, timber, masonry, etc.

This
deta

NOTH
be crgated by change in use. Special requirements are necessary for seismic hazards taking the dynarn
structprral response into account.

This

pract ce-in accordance with current pnginnnring prar’ripp and the economic conditions

2

n anticipated change in use or extension of design working {ife;

a reliability check (e.g. for earthquakes, increased traffic-actions) as required by authoritig
¢ompanies, owners, etc.;

structural deterioration due to time-dependent actions (e.g. corrosion, fatigue);
structural damage by accidental actions (s€€ ISO 2394).

nternational Standard is also applicablé to heritage structures provided additional consider

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

International Standard~ provides principles regarding actions and environmental influen
iled considerations”are necessary for accidental actions such as fire and earthquake.

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

nstructed on
essment can

s, insurance

btions shown

¢ adaptation

ces. Further

Fire resistance requires properties different from those for structural safety and integrity. Also fije hazards can

hic action and

or codes of

Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO

2394:1998, General principles on reliability for structures

© 1SO 2010 — All rights reserved
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3 Terms

and definitions

For the purposes of this document, the terms and definitions given in ISO 2394 and the following apply.

NOTE

3.1
assessment

See also Annex A.

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

3.2

damage
unfavourablg

3.3
deterioratio
process that

naturally
repeated
normal @
wear du
imprope

34
deterioratio
mathematica
account

3.5
inspection
on-site non-g

3.6
investigatio
collection an

3.7
load testing
test of the s

change in the condition of a structure that can affect structural performance

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

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

r severe environmental influences

e to use, or

r operation and maintenance of the structure.

h model

| model that describes structural perfarmance as a function of time, taking deterioratior

estructive examination toestablish the present condition of the structure

N
[l 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

bearing capd

into

19

load

city

3.8

maintenance
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

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=8309a1a473577d5e6c157c0412b0512f

3.1

ISO 13822:2010(E)

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

NOTE

a refe

3.12

rence period (see Annex F).

rehabilitation

work

required to repair, and possibly upgrade, an existing structure

3.13

remaining working life

perio

3.14

repair, verb

<of g structure> improve the condition of a structure by restoring or replacing-existing compone
been{damaged.

3.15

safety plan

plan gpecifying the performance objectives, the scenarios to be €onsidered for the structure, an
and future measures (design, construction, or operation sucfias monitoring) to ensure the
strucjure

3.16

strugtural performance

qualifative or quantitative representation of the behaviour of a structure (e.g. load bearing capag
in terms of its safety and serviceability

3.17

targgt reliability level

level

3.18

upgr
modi

d for which an existing structure is intended/expected to operate with planned maintenance

of reliability required to ensure acceptable safety and serviceability

ading
ications to an existing'structure to improve its structural performance

4.1

tion plan

The remaining working life or the minimum standard period for safety of an existing structure can be taken as

hts that have

d all present
safety of the

ity, stiffness)

itions of the

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) s

afety 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;

©I1SO

2010 — All rights reserved
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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 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.

The assessment is carried out taking into account the actual conditions of the structures (see the flowchart in

Annex B) anfl is composed in general of steps a) to f):
a) specificgtion of the assessment objectives;
b) scenarids;
c) prelimingry assessment:
1) study of documents and other evidence,
2) preljminary inspection,
3) preljminary checks,
4) dec|sions on immediate actions,
5) recommendation for detailed assessment;
d) detailed pssessment:
1) detgiled documentary search and review,
2) detailed inspection and material testing,
3) detgrmination of actions,
4) detgrmination of properties_of the structures,
5) strutural analysis,
6) verification;
e) results of assessment:
1) repaort

2) conceptual design of construction interventions,

3) control of risk;

f) repetition of the sequence if necessary.

The procedure outlined above may be applied to both the assessment of one

assessment of a group of structures.

specific structure and the

© 1SO 2010 — 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

identffication of scenarios represents the basis for the assessment and design of interventions.ip be taken to
ensufe structural safety and serviceability.

4.5 | Preliminary assessment

4.5.1) Study of documents and other evidence

Design and inspection documents contain important information that is necessary for a thorough assessment
of an existing structure. It shall be verified that the documents are cofrect and, in that context, they are
updated to include information of any previous intervention to thestructure. Other evidence,|such as the
occufrence of significant environmental or seismic actions, large actions, changes in soil conditiops, corrosion,
and misuse of the structure, shall be recorded and documented.,

4.5.2

Preliminary inspection

The gim of a preliminary inspection is to identify the striictural system and possible damage of the

visua
chara
are ¢

| observation with simple tools. The information collected is related to aspects such
cteristics, visible deformations, cracks, spalling, corrosion, etc. The results of the preliming
xpressed in terms of a qualitative grading-of structural conditions (e.g. none, minor, mode

structure by

as surface
ry inspection
rate, severe,

destrictive, unknown) for possible damage,

4.5.3| Preliminary checks
The
servi
Base|

burpose of the preliminary ‘checks is to identify the critical deficiencies related to the futuje safety and
Ceability of the structure with a view to focussing resources on these aspects in subsequentfassessment.
d on these results, itis.then judged whether or not a further investigation is necessary.

4.5.4] Decisions oni immediate actions

When the preliminary inspections and/or checks clearly indicate that the structure is in a potential
condijtion, it.issnecessary to report to the client that interventions should be taken immediately
dangpr with~respect to public safety. If there is uncertainty, the critical deficiencies should
immediately and actions taken, if necessary.

y dangerous
0 reduce the
be assessed

4.5.5 Recommendations 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 2010 — All rights reserved
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4.6 Detail

4.6.1

ed assessment

Detailed documentary search and review

The following documents, if available, should be reviewed:

records,

details of modifications;

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

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

topograf

hy, subsoil conditions, groundwater level at the site.

4.6.2 Detailed inspection and material testing

The details and dimensions of the structure as well as characteristic values of material ‘properties cqn be

obtained fror
case of any
analysis shg
inspection is
set of update
(see Annex (

4.6.3 Dete

Actions and
with ISO 239

4.6.4 Dete

Testing of th
approaches
failed to dem|

4.6.5 Strud

Structural an
the structure
deterioration
structure is
problem as
deteriorated

Some examy

n design documents, provided that the documents exist and that there is no.reason for dou
doubts, details and dimensions of components and properties of materials assumed fd
Il be determined from a detailed inspection and material testing. The planning of sud
based on information that is already available. The detailed quantitative inspection results
d values or distributions for certain relevant parameters that affect'the properties of the stru

)-

N
b

mination of action

n particular environmental actions on structures shall~be determined by analysis in accorg
4, taking into account provisions laid down in the safety plan and utilisation plan.

mination of properties of the structures

b structure is used to measure its propeérties and/or to predict a load bearing capacity when
such as detailed structural analysis or inspection alone do not provide clear indication or
onstrate adequate structural reliability (see Annex D).

tural analysis

alysis in accordance-with ISO 2394 shall be carried out to determine the effects of the actio
. The capacity of-structural components to resist action effects shall also be determined
of an existingsstructure shall be taken into consideration. When deterioration of an ex
pbserved, the reliability assessment of the structure becomes a time-dependent deterio
described. in~ISO 2394, and an appropriate analysis method shall be used. In the ca
structures,.it is essential to understand the causes for the observed damage or malfunction.

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

bt. In
r the
h an
in a
cture

ance

other
have

NS on

The
sting
ation
e of

nex E.

NOTE

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

4.6.6 Verification

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

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 that 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).

© 1SO 2010 — 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 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 accordance with the objective of the assessment for its remaining working life (see Annex H).

4.7.3| Control of risk
An alternative approach to construction interventions, which may be appropriate in seme’circumgtances, is to
contrpl or modify the risk. Various measures to control the risk environment include, imposing loadl restrictions,

altering aspects of the use of the structure, and implementing some form of in-service monitoring and control
regime.

5 Data for assessment

5.1 | General
Datalfor assessment should be related to the material properties, structural properties, dimensions, and other
condftions as actually established for the existing striicture, and to previous and/or future aftions to the
structure.

NOTEH Current codes are normally design codes and therefore they may not be appropriate for use directly for
assegsment of existing structures. However they sheuld be considered for the assessment. As discussed ir] Clause 7 and
Annex F, reduced service life and target reliabilityclevel may be considered for an existing structure. Furthgrmore, refined
analyses, testing and a consideration of the actual behaviour of a structure may help in this respect.

5.2 | Actions and environmental influences

5.2.1] Actions

Actiohs shall be determinéd in accordance with current codes. Changes of actions caused by the change in
use gr modification af an existing structure shall be taken into consideration.

5.2.2| Envirohmental influences

Envirpnmental influences of a physical, chemical or biological nature that may have an effect or] the material
propgrties of an existing structure shall be taken into account. Changes in environmental influencgs as a result
ge In use or modad allon Of an ex Nng ructure shnall be taken Into consiaeration.

5.2.3 Original drawings and design specifications

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.

© 1SO 2010 — All rights reserved 7
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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 for long-term and
extreme effects that cannot be measured directly when collecting information on actions and environmental

influences.
5.3 Material properties

5.3.1 Actual material properties

Material proferties used In the assessment shall be the estimated actual material properties of the eX
structure, nof material properties specified in the original design of the structure or in a code or standard
material progerties shall be assessed by considering deterioration and possible influences of actions)(e.d
during the higtory of the structure.

5.3.2 Origihal drawings and design specifications

Material progerties may be determined from drawings and design specifications when_there is no uncer
about their validity.

5.3.3 Material testing

In cases of juncertainty, material properties should be determined by, testing, including non-destructi
destructive npaterial testing. The testing should be planned to produce-data which is of direct concern f{
required safdty and serviceability of the structure as shown by structural analysis. The use of the structur
the environmental influences on the structure shall be taken into<account.

5.3.4 Sampling and testing procedure

sting
. The
. fire)

fainty

e or
o the
e and

Sampling anfd testing methods should be in accordanee with the relevant International Standards. Sanjpling

locations and methods that can jeopardize structural reliability shall be avoided. Repair and/or reinforce
shall be carried out immediately after sampling.

5.3.5 Analysis of test results

When samplgs are tested, the material-properties of the structure shall be determined, statistically if pos|
from the test|results.

5.4 Propdrties of the structure

5.4.1 Test:rg for static and dynamic properties of structure

If the properfies,of\the structure are not sufficiently understood or if it is not feasible to establish the red

ment

Sible,

uired
efine

dimensions pnd, material properties by measurement, testing of the structure can be required to g

structural properties—Dynamictesting—shattbecarriedout if-the dymamicproperties ofan existing-structor
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 dimensions should be used.

are

8 © 1SO 2010 — 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 performance shall be analysed using madels that reliably represent the actions on the structure, the
behayiour of the structure, and the resistance of its components. The analytical model should reflect the actual
condjtion of the existing structure.

6.2 | Limit states

The ptructure shall be analysed for the ultimate limit states and serviceability 'limit states, using the basic
variaples and taking account of relevant deterioration processes.

6.3 | Basic variables

The following basic variables for use in structural analysis shall be déetermined by updating information about
the aftual condition of the structure:

a) actions;
b) 1naterial properties and geotechnical conditions;
c) dimensions of the structural components and subsoil geometry;

d) model uncertainties.

6.4 | Model uncertainties
The pncertainty associated with-the validity and accuracy of the models should be consiflered during

asseg$sment, either by adopting appropriate partial factors in deterministic verifications or by introducing
additjonal random variables representing model uncertainties in reliability analyses.

6.5 | Conversion factors

Conversion factors reflecting the influence of shape and size effect of specimens, temperature, moisture,
duratjon-of-l6ad effects, etc., 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 2010 — All rights reserved 9
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7 Verification

7.1 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, spcial and sustainability considerations result in a greater differentiation in structuraleliability for
assessment pf existing structures than for the design of new structures.

7.3 Limit states

Verifications |shall be based on the limit state concept. Attention should be paid~to-both the ultimatg¢ and

serviceabilityf
methods with

Partial safety
results (cong
materials).

7.4 Plaus

The conclusi
the results d
distress or f4

NOTE
See also Clau

7.5 Targe

consideration of structural system and ductility of components.

erning, for example, quality of workmanship, conditions ofsmaintenance and strength variat

bility check

bn from the assessment shall withstand a platsibility check. In particular, discrepancies bet
f structural analysis (e.g. insufficient safety) and the real structural condition (e.g. no si
ilure, satisfactory structural performance) shall be explained.

Many engineering models are conservative*and cannot always be used directly to explain an actual sitt

e 8.

t reliability level

The target r¢liability level used fer\verification can be taken as the level of reliability implied by accep

criteria defin
clearly define

The target r¢g
structure (se
existing strug

bd in proven andaccepted design codes. The acceptance criteria shall be stated togethe
d limit state functions and specific models of the basic variables.

liability levelean also be established taking into account the required performance level fg
e 4.1), the reference period and possible failure consequences. Lower target reliability leve
turesymay be used if they can be justified on the basis of socio-economic criteria (see Annex

limit states. Verification may be carried out using partial safety factor or structural reliability

factors given in current codes may be modified to take inte/account the inspection and test

on of

ween
gn of

ation.

ance
with

r the
Is for

8 Assessment 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 for the occurrence of environmental effects;

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 can significantly
actions on the structure or affect its durability, and no such changes are anticipated.

increase the

NOTE If quantitative detailed information is available, satisfactory past performance against accidental actions
(including earthquakes) can be taken into account.

8.2

Strugtures designed and constructed based on earlier codes, or designed and construeted'in acq
good|construction practice when no codes applied, may be considered serviceable for future use

9

Responding to the requirements defined_in the utilization plan, assessment of existing structures
sevefal possible interventions including repair, rehabilitation, performance monitoring and ma

Assessment of serviceability

¢areful inspection does not reveal any evidence of significant damage," distress, def
displacement;

the structure has demonstrated satisfactory performance for a sufficiently long period of time
distress, deterioration, displacement or vibration to occur;

eénvironmental actions on the structure or part thereof; and

predicted deterioration taking into account the present condition and planned mainteng
gufficient durability.

Interventions

ordance with
provided that

erioration or

for damage,

there will be no changes to the structure or in its use that can significantly alter the actipns including

Nce ensures

can result in
intenance of

criticdl components, upgrading (see*Annex H), and demolition. The cost and risk associated witlh each of the

interyentions should be estimated:

10

10.1| General

Assepsment-of an existing structure is typically carried out in a manner involving a number of phg

Report

ses of work.
5 of the final

10.2 Conclusions

Clear conclusions with regard to 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 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.

© 1SO 2010 — All rights reserved
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10.4 Insufficient reliability

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

proposed.

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 it is the client who makes the final decision on interventions. Temporary
intervention for unsafe conditions can also be required immediately.

10.6 Inspegtion and maintenance plan

In all cases) an inspection and maintenance plan during the remaining working life should be specified
depending oh the results of assessment and the utilisation plan and submitted to the client. The dgte or
conditions fof the next assessment should be recommended.

10.7 Documented information

All the infornpation obtained in the assessment should be documented in a réport for the client, including the
objective of {he assessment, name of engineer (or firm), description of the_structure, methods and resylts of
the assessmEnt, as well as recommendations for relevant further steps,.if\iecessary (see Annex G).

10.8 Reporiting style

The report shall be concise and clear. A recommended reportformat is indicated in Annex G.

11 Judgement and decision

11.1 Decisjon

The final degision on interventions, basedyon engineering judgement and the recommendations in the 1eport
and considelfing all the information available, is made by the client in collaboration or in consultation with the
relevant authority.

NOTE If the client does not fespond in reasonable time in matters of public safety, the engineer might have the legal
duty to inform the relevant autherity.

11.2 Change in use

An importanf change in use of the structure made after the assessment invalidates the recommendations
proposed in theZreport.

12
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Hierarchy of terms

Document search
Inspection
Testing

Investigation 4E

ISO 13822:2010(E)

Asselssment

— Interventions —

Structural analysis

Verification

Construction 4E

Maintenance

Rehabilitation —

Demolition

Repair
Upgrading

Maintenance
Monitoring
Changeé.in‘use

Operation 4E
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Annex B
(informative)

Flowchart for the general assessment of existing structures

Requests/Needs

:

Specification of the assessment objectives

!

Scenarios

!

Preliminary assessment

¢ Study of documents and other evidence

¢ Preliminary inspection

e Preliminary check

¢ Decisions on immediate actions

e Recommendations for detailed assessment

Detailed assessment ?

Yes

¢ Detailed documentary search and review

¢ Detailed inspection and material testing

e Determination of actions

¢ Determination of properties of the structure
e Structural analysis

o Verification

Further inspection ?

No

Reporting results of assessment

!

¢ Periodical inspection
¢ Maintenance

Judgement and decision

_

Yes

Sufficient reliability ?

,7 Intervention

]

Construction

¢ Rehabilitation —[ ¢ Repair

e Demolition

e Upgrading

Operation
¢ Monitoring
e Change in

use

14
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Annex C
(informative)

Updating of measured quantities

C.1 Types of inspection

C.1.1 An investigation of an existing structure is intended to update the knowledge aboutythe condition
(statg) of the structure with respect to a number of aspects. Often, the first impression of the qondition of a
strucfure is based on a qualitative inspection. The description of possible damage of the.structure is in verbal
termg like “none”, “minor’, “moderate”, “severe”, “destructive”, “unknown”. Decisions based on such
obsefvation are made in a purely intuitive way by experts. A better judgement on.the 'structure ¢an be made
on the basis of quantitative inspections that characterize the current properties of the structural
For dll inspection techniques, one should have information on the probability of\detecting damage, if present,
and gn the accuracy of the results.

C.1.2 Proof loading or load testing is a special kind of quantitative inspection. The purpose may be to prove
that g particular structural component is fit for use. It can also be desired to get indications of a |
components. For further information, see Annex D.

C.1.3 Also, investigations of actions can help in the assessment. The investigation depends an the type of
actions. For permanent actions, such as the weight of the. structure itself, dimensions and/or densities should
be measured. For offshore structures, one can check the.local wave climate. For wind actions on|structures of
special shape, the shape coefficients can be measured in a wind tunnel. For industrial loads, measurements
can ipdicate differences from the original design_assumptions. Of course, one should be carefpl; actions in
codes are intended to represent the maximum,_im;say, 50 year values, which can be measured difectly.

C.2 |Evaluation of inspection results

C.2.1 Given the result of an investigation, there is a requirement to update the properties and reliability
estimates of the structure. Twa different methods can be distinguished:

a) direct updating of the-siructural failure probability;
b) udpdating of the (multivariate) probability distribution of the random variables.

The $econd method can be used to derive updated design values for use in the partial-factor fgrmat and for
comparing_directly with limit values (cracks, displacements).

Whetp evaluating the inspection results of a certain structural member, it should be kept in mirpd that these
resultScan also aifect the reliability of other members or even members ol other stractares. For instance, the
detection of cracking or corrosion in one member makes the presence of cracks and corrosion in other similar
members more likely.

C.2.2 Direct updating of the structural failure probability [C.2.1 a)] can formally be carried out using the basic
relationship from probability theory given in Equation (C.1):

P{F NI}

P{F|I}= 0

(C.1)

where

F  designates a local or global structural failure;
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I  designates the inspection information, for instance “the fatigue crack at joint B is smaller than the
detection limit”;

N indicates the intersection of two events;

| indicates “conditional upon”.

The denominator P{/} in Equation (C.1) is a normalizing constant, which follows from Equation (C.2):

PF| D+ P{S| =10

for “ana foily
T T

(C.2)

where S stan

C.23 The

o
=AY

formally by Hquation (C.3):

x| 1) 5 CPUT| x} fxlx)

where
X
1
Ix(x)
C
fxx|1)
P |x}

An illustratio]

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 normalising constant;

is the probability density of X after updating with information 7;

is the likelihood to find information 7 for.given value x of X.

updated distibution can also be lower than the 'design value of the initial distribution.

NOTE 1 Fu

NOTE2 W,
correlations b
typical aspects

rther information can be foundAnSO 2394, ISO 2854, and ISO 12491.

of each individual problem.

updating procedure of the multivariate or individual probability distributions [C.2.1 B)] is

h of Equation (C.3) is presented inxFigure C.1. Note that in general the design value ¢

hen the updating procedureis performed for each random variable separately, a possible error i
etween basic variables after updating are neglected. Whether or not this is acceptable depends g

given

(C.3)

f the

5 that
n the

16
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fx(x)

Key
1 i
2

C.2.4
the u
deter
can |
randd

X4 Xd

hitial distribution
pdated distribution

I Once updated distributions for the basic variables in¢he 'structure have been found, one
pdated failure probability P{F|I} by performing a probabilistic analysis. A more practical pr
mine updated design values for each random variable. For a resistance parameter X, the
e obtained from Equation (C.4) for a normal random variable and from Equation (C.5) for
m variable(see ISO 2394):

a=1(1-opv)
g=Hexp(-aBo— 0,502)
4 is updated design value for X;

, is updated mean-alue;

y is probabilistiC influence coefficient;
p is target reliability index;

" " is updated coefficient of variation;

Figure C.1 — Original and updated probability density function for an inspected variable X

Can calculate
bcedure is to
design value
a lognormal

(C.4)

(C.5)

o2 is equal to In(1 + 12).

The value of the target reliability index g is discussed in Annex F; the values of & can be taken as 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 in accordance with ISO 2394).

©I1SO

2010 — All rights reserved
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As an alternative procedure, one can also determine first a characteristic value, x, using Equation (C.6) for a
normal random variable and Equation (C.7) for a lognormal random variable, and calculate the design value

by applying the appropriate partial factor y ., as given in Equation (C.8)

xe=u(1-kV) (C.6)
X, = 1 exp(-ko - 0,502) (C.7)
)Cd = )Ck /}/m (C8)

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

conservative

result

For loads an
types are md

After the evg
procedure fq
properties, n

C.3 Exam

The idea beh
presented of
be noted tha

d geomechanical properties, a similar procedure may be applied, but usually other distrili
re appropriate.

luation of the updated design values, one may check the structural reliability. tsifg the sta

b relevant limit state is reached when the design actions are applied to the structure.

ple

ind this example is based on the testing procedure for timbet for new structures. The exam
ly as an illustration of the theory. Equations and numbers:have been highly simplified. It s
, in particular for deteriorated structures, it is necessary to choose the data with much care.

ution

ndard

r new structures. It should be verified that, based on the design material and geométrical

ple is
hould

Consider a dimply supported timber beam loaded by a point load, Q, in its mid-span. The safety margin for
such a beam|is given by Equation (C.9)

Mg =Wf-QL/4 (C.9)
The designation of all variables and the numericakvalues used in this example are presented in Table C{1. All

random varigbles are assumed to be normally distributed.

Table C.1 — Data used in example

X Designation Unit Mean c.o.v Value of x,
L Span metres 4 — 4

W | Plastic sectionmodulus cubic metres 0,0104 — 0,0104

1 Moment of inertia metres to the fourth power 0,0002 — 0,0002
0 Load kilonewtons 100 0,2 100

f Material strength megapascals 20 0,15 15

E Modulus of elasticity gigapascals 30 0,15 30

Failure of the beam corresponds to the event “Mg < 0”. Using standard reliability techniques (see 1SO 2394),
one can evaluate a failure probability as P{Mg < 0} =0,0028. 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 can use the characteristic values in the last column of Table C.1. The standard requirement is as given by
Equation (C. 10):

Whe | 7L
7m 4

(C.10)
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where

%n s the partial resistance factor;

7 s the partial load factor.

Substituting %, = 1,2 and y= = 1,5 into Equation (C.10) one obtains the following values:

Wfi _ (0,010 4) (15)

¥m 1,2

=0,130 MNm
=130 kNm

reOkL _ (1,5)(100) (4)

Therg¢fore, the timber beam considered in this example does not satisfy the requirement €

Equa

Next,
be m

which

This
correj
quan
one
(C.16

4 4
=150 kNm

tion (C.10).

assume that the beam is proof loaded by a deterministic load O, = 50 kN, and that a defleg
basured. According to the theory of elasticity, the deflectionnis*given by Equation (C.13)

= O, L3/48EI

means that, equivalently, £ may be estimated as'in Equation (C.14):
C = O, L3/481u

= (50)(43)/(48)(0,0002)(0,009)

=37 GPa
ndicates that the beam is stiffer than average. Since for timber, stiffness and strength sh
ation, this test result @lso indicates a more reliable resistance. Let the correlation betwee
ified as pg ¢=0,5. Using standard equations from the theory of the multi-dimensional normg

an derive an “updated” mean and standard deviation for the strength f as given in Equation
) respectively:

37—y
OF

H r|E=37GPa = H 1 TPEfOf {

(C.11)

(C.12)

xpressed by

tion of 9 mm

(C.13)

(C.14)

bW a positive
h £ and f be
| distribution,
s (C.15) and

=20-+(0.5)(3.0) [37 _30]

(C.15)

45 |
=22 MPa

2
O flE=37GPa = O r\1=PE,f

©I1SO

=2,6 MPa

2010 — All rights reserved
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Given the updated distribution for f; one can calculate the failure probability, P{}Mg < O|test result}, as being
0,000 08 corresponding to #= 3,76, which may be considered as sufficient. In a partial factor verification, one
can update the characteristic value for f'as given in Equation (C.17):

S = /uf\test result ~ 1 ’64O-f‘test result
=22-(1,64)(2,6) (C.17)
=18 MPa

This raises Wfi/y, from 130 kNm to 153 kNm, which is also sufficient. It should be noted that the updating
given by Equation (C.15) and (C.16) is valid only for the considered beam.

20 © 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=8309a1a473577d5e6c157c0412b0512f

ISO 13822:2010(E)

Annex D
(informative)

Testing for static and dynamic properties of structures

D.1 Objectives
D.1.1 Many kinds of field testing are useful for assessment of static and dynamic propettig
strucfures (e.g. a horizontal loading test or a forced vibration test of a complete structure;j~a“ve

test @
of a

some
the s

D.1.2
asse

a)

¢
[

q
y

The testing is useful in providing additional evidence including<cases when deterioration

r a forced vibration test of components of a structure, a horizontal or vertical micro-fremor 1
structure). Load testing of a complete structure is costly and time-consuming.1owever,
structures that are not amenable to calculation. In such cases, the only way tg-assess the
ructure is to carry out field tests.

e

[«

Testing for the static and dynamic properties of structures may-be selected as
Esment provided there is a satisfactory reason, such as the followings

omponents has occurred, when there is a change of use, orwhen construction has not beg
h accordance with the design drawings and specifications:
[Vhen calculations cannot be completed with confidence, load testing and vibration testing ca
mproved understanding of the actual behaviour ofxthe structure, which cannot be obtained

vay.

btructural components forming part of an “existing structure behave differently from th

a)
b)
c) t

d) t

flactor, and

e) t

assumed during the design.

p predict directly the ultimaté resistance or to establish serviceability properties of structural
p obtain specific material properties,
p examine the behaviour of existing structures or structural components,

p identify system parameters used for verification of analysis, such as fundamental per

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

s of existing
rtical loading
neasurement
here can be
properties of

part of an

of structural
n carried out

n provide an
in any other

e behaviour

mples of the

barts,

od, damping

vihg conditions

are met.

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

b) 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.

c) Itis important in the load testing and vibration testing that the structure be exposed and accessible for
visual inspection before, during and after the test.

d) The influence of temperature changes on the instrumentation should be considered.
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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
of certain pa

D.2.3 Expe

equired from the test should be clearly stated, for example the required properties, the infly
ameters varied during the test and the range of validity.

cted behaviour

It is essentia
the limit sta
scale effect

correspondirlg variables should be described. When the prediction of the critical failure modes expected
test is extrenmely doubtful, the test plan should be developed on the basis of accompanying pilot tests.

D.2.4 Speg

The properti
and restraint

D.2.5 Stati

Loading prog
loading path
or force cont|
for the antic
unfavourablg
actions with

D.2.6 Meas

Prior to the

ence

to present a description of all properties and circumstances that can influence the behavigur at

under consideration, (e.g. geometrical parameters and their tolerances, material propq
and environmental influences). Modes of failure and/or calellation models with

ification of test specimen

s of the test specimen should be specified, in particalar, the dimensions, sampling proce
5. Normally, the aim should be for a representative sample in the statistical sense.

c and dynamic loading and vibration specifications

edure and environmental influences in.the test should be specified, in particular, loading p
5 in time and space, excitation locatiens, excitation forces, temperatures, loading by deforn
rol, etc. Loading paths and excitation forces should be selected such that they are represen
pated scope of application ofi.the structural component. Account should be taken of po
effects of those actions that are considered in calculations in comparable cases. Interact
structural response should-be’considered where relevant.

burements plan

specimen, (

required frequency and’accuracy of measurements and measuring devices). Similarly, a plan of obser

points and

recommendgd telhave some measurements available simultaneously during the test.

.g. time histories of displacements, velocities, accelerations, strains, forces and press

ethodS for observation and recording should be made. Depending on the type of test

rties,
the
n the

Hures

pints,
ation
fative
5sible
on of

execution of the/test, a list should be made of all relevant properties of each individual test

ures,
ation
it is

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 lo

22

cal authorities can 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 pre-selected unknown variables, including the statistical
uncertainties. Based on this distribution, design values, characteristic values and partial safety factors for use
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. If the test results depend on the load duration or history, amplitude of dynamic responge, volume or
scalg, environmental influences, or other non-structural effects, the analytical model should\take¢ these items
into gccount by use of appropriate factors, non-linearity and scaling rules.

D.3.4 When the test results are evaluated as valid, their extrapolation can be applied to cover pther loading

pathg or excitation forces although this requires additional information (e.g. from experiences of grevious tests
or anglytical studies).

D.4 [Test report

It is fecommended to report the test results using the contentroutlined in Annex G. It can be appropriate to
reporft the test results separately or to put them in an annex to\the main report.
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Annex E
(informative)

Assessment of time-dependent reliability

E.1 Introduction

When assesping the reliability and remaining working life of existing structures, the effect of time yarig
trength, due to, for example, deterioration, and the load characteristics should beCtaken into
account. When only the load varies in time, the method described in ISO 2394 and Reference [3].may be
for the assegsment. For time-variant reliability problems where the resistance is deteriorating-and the lo
is time invaffiant, the reliability assessment may be performed by considering the strength”characte
correspondin|g to the end of the working life of the structure. When both the strength characteristics an

both in the

load charact

ristics vary with time, the assessment requires special consideration as described in this an

E.2 Terms$ and definitions

For the purpgses of this annex, the following terms and definitions apply.

E.2.1

load charac
qualitative an
and occurrer]

E.2.2

eristics
d quantitative description of load intensity, which:can vary in time, such as the duration, int
ce rate of the load events and their intensity at@ny point in time

non-homogg¢neous random vector process

X(t)

random func
variables
NOTE TH

E.2.3

ion of time such that for any pointin time the values of the elements X; of the vector are ra

e statistical characteristics of X;in a non-homogeneous random vector process vary with time.

strength characteristics

qualitative ar
in time, such

E.2.4
threshold
limit value, V

d quantitative-description of the strength of a structure or a structural component, which car
as the mean Value and standard deviation of strength

vhieh"can be a function of time, beyond which a structure or a structural component is

tions

used
hding
istics
d the
hex.

erval,

hdom

vary

n an

unfavourabl

state

E.3 Strength characteristics that vary slowly with time

E.3.1 When the strength is slowly deteriorating and the load characteristics vary with time, the reliability
assessment in principle can be addressed as a first passage problem of a non-homogeneous random vector
process (see Reference [3]). Figure E.1 illustrates the process schematically. In spite of the simplicity of
concept, considerable simplifications are needed in most practical applications.
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Figure E.1 — lllustration of a time-dependent situation
when strength characteristicsivary slowly with time

V‘\Q"'

Time}-Tw

hreshold (e.g. resistance) b(¢)

nilure

When the threshold 5(¢) is high enough, it.smay be assumed that the threshold crossing
on process with intensity, 1. The probability*distribution function of the time to the first cr
hold, F1(¢), may thus be estimated by Equation (E.1):

b 15[¢, b(7)] is the local-eut-crossing rate of the load process, X{(¢), above the time-varying th
et

t

J.Vx [.b(7)]dz

FT(t):1—exp{—
0

b The threshold function 5(¢) is often a function of the resistance, R, for example, in fatigue
bms where theé Tesidual strength is a function of the time in-variant crack growth material

ase, b(7)sShall be written as b(zR). Furthermore the statistical characteristics of the load pro
hd on other, usually more slowly varying processes or stationary sequences, Q. This is, for
when¢considering wave-induced loading where the wave force spectrum depends on t
brice describing the sea-state characteristics. Introducing both R and Q and applying the a

process is a
bssing of the

(E.1)

reshold, b(z),

crack growth
broperties. In
Cess X(¢) can
example, the
ne stationary
pproximation

giver

- D £ o | | s Lo 4\ L (] (] - n () | — e Lo O
T INCITCTCTICE [J], EUUAUUIT (L. T) CAliT DE TEAITdITyCU dllu appPruAIidaieu vy tyuduult (.2).

t
Fr(t)=1-Ep exp<-jEQ {VX [T,b(T,R),Q]} dr>
0

in which Ep(e)

readi

)and E
ly available for t

e

(E.2)

) are the expectation of e in terms of R and Q, respectively. Commercial software is
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
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E.3.4 When the hazard function, (), defined as the conditional probability of failure that failure occurs in the
interval (¢, ¢ + df], given that the structure has survived up to ¢ is available, the probability distribution function
of the time to failure can be expressed as given by Equation (E.3) (see Reference [4]):

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(¢) = Rg(¢), where g(¢) is the degradation
function defining the fraction of initial strength, R, remaining at time, ¢, and the load occurrence is modelled by
the Poisson process with mean occurrence rate, 4, then the probability of failure within time interval (0, 4 is
expressed a$ given in Equation (E.4) (see References [4] and [7]):

t
Fr(t)=1-Er| exp —ﬂt{1—;-jFS[R-g(r)]dr} (E.4)
0

where Fg(s) is the probability distribution function of load intensity, S.

Figure E.2 illustrates schematically the load process and degradation of resistance. In Figure E.2, fz(r) and
Js(s) are the|probability densities of R and S, respectively, ug(7) and ug are the mean values of R(z) gnd S,
respectively.| This approach can address the deterioration due to corrosion, sulfate attack of corcrete
structures apd similar environmental effects. The effect on inspection<and repair can be considergd by
modelling g(1) accordingly. Examples of the application of this approach to a real structure can be foynd in
Reference [§].

fr(r)
\IJR
Hs
fo (5) \
SN EYEN EER A Sh
Time, T

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

E.4 Strength characteristics varying rapidly with time

When the strength characteristics are deteriorating rapidly, it can 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, 1] 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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Time, T
Key
threshold (e.g. resistance) b(¢)
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3 fpilure
Figure E.3 — lllustration of the time-dependent situation

with strength characteristics varying rapidly with time
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Annex F
(informative)

Target reliability level

F.1 General

The structursg
determine th

The target rg
with the curi
risks. The T
consequenc

Although in |

structures afe, in principle, the same as for the design of new structures, there are some fundan

differences
following.

Econom
can be \
very sm

a)

b) Social ¢

heritage

Sustaing
design

c)

As a conseq
existing mate
F.2 Relial

F.21 Relig
expressed in

p=-o

r}nt code, the concept of the minimum total expected cost, and/or the comparisomwith other

b reliability requirements.
liability level used for verification of an existing structure can be determined basedlon calib

quirements should also reflect the type and importance of the structure, possible fi
s and socio-economical criteria.

50 2394 the performance requirements of safety and serviceability for the assessment of ex
petween these two activities affecting the differentiation in—structural reliability, namel
c considerations: The incremental cost between acceptance and upgrading the existing strd
ery large, whereas the incremental cost of increasing.the safety of a structural design is gen

hll, consequently conservative generic criteria are used in design standards.

bnsiderations: These include disruption (or even displacement) of occupants and activities
values, considerations that do not affect the structural design of new structures.

bility considerations: Reduction of waste and recycling, considerations of less importance
f new structures

lence the goal of “minimum-structural intervention”, which makes as much use as possible
rials in the structure, applies-for most existing structures of normal occupancy and use.
pility requirements

bility requirements for an existing structure, as well as for a new structure, may adequatg
terms ofthge reliability index, g, where Sis defined as given in Equation (F.1):

(P5)

should be adequately modelled and the limit state functions should be clearly defined in orclier to

ation
social
Bilure

isting
ental
the

cture
erally

also

n the

bf the

ly be

(F.1)

where

@(’) is the standard normal probability distribution function;

Py

is the failure probability corresponding to a specified reference period.

The remaining working life determined at the assessment is considered as a reference period for an existing
structure for serviceability and fatigue, while design working life is often considered as a reference period for a
new structure. A shorter reference period can be reasonable for the ultimate limit states. The target reliability
indices may be chosen in accordance with the current codes, if such are provided, otherwise the values given
in Table F.1 are intended as illustrations for assessment of existing structures (see 1ISO 2394:1998, E.4).
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Table F.1 — lllustrations of target reliability level
Target reliability index
Limit states Reference period
B
Serviceability
Reversible 0,0 Intended remaining working life
Irreversible 1,5 Intended remaining working life
Fatigue
Inspectable 2,3 Intended remaining working life
Netinspeetable 3+ trterdedrematring-working life
Witimate
Very low consequences of failure 2,3 Lg years?®
Low consequence of failure 3.1 Lg years?®
Medium consequence of failure 3,8 Lg years®
High consequence of failure 4,3 Lg years®
d Lgis aminimum standard period for safety (e.g. 50 years).
F.2.2 Application of the target reliability levels suggested in F.2.1for the safety performance Igvel specified
in 4.1 (i.e. the ultimate and fatigue limit states) requires greater attention by the evaluator of the cpnsequences
of failure in terms of safety. The basic principles are outlined inlSO 2394:1998, E.4.1. These pr|nciples have
been|applied in Reference [9] to set target reliability levels and load factors for the structural agsessment of
existing structures, where the evaluator makes use of judgement categories for assessment fagtors such as

com
of pe

bple at risk.

onent behaviour, system behaviour, inspection/maintenance programme, and the likelihood

and number
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Test report format

G.1 Title page

Annex G

(informative)

The following
firm).
G.2 Name

The names q
representatiy

G.3 Synoj
One, or at 1

significant fe
including any

G.4 Table
The following
a) scoped

b) descript

of engineer and/or firm

DSiS

of contents
should be included:
f assessment;

on of the structure;

c) investigation:

— doc
— insg

— san

Liment examined;
ection items;

plingsand testing procedure,

— test

results;

items should be stated: title; date; client; and author (full name and address of engineer And/or

f the people who carried out the assessment should be stated, together'with those of the client's
es and others who were in attendance.

host two pages, in plain, succinct language, should beJused to summarize the problenm, the
atures of investigations carried out, and the prin€ipal conclusions and recommendations,
important reservations and/or exclusions.

d) analysis;

e) verification;

f) discussion of evidence;

g) review of intervention options;

h) conclusions and recommendations;

i) reference documents and literature;

i) annexes.
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Scope of assessment

This should specify the reasons for the assessment and the scope of the work, as agreed between the client
and the engineer. The procedure for the assessment should be described (see Annex B), and all activities for
the assessment should be reported. The utilization plan and the safety plan should be specified.

G.6

Description of the structure

The following items should be described: name, address and structural system, together with any drawings.

This

should be made brief and pictorial. Also, a history of the structure's original construction

subsequent

alters

G.7

G.7.

The
solici

G.7.]

It ca

tions, past and present use should be given.

Investigation

| Documents examined

Jocuments made available to the engineer should be listed, together “with their source (e
ors' letters, drawings and/or reports by others, sent by the client).

P Inspection items

N be important to make it clear that an adequate number of inspections were made b

qualified people. Any limitations on the effectiveness of the inspections, due to circumstances

engir
G.7.

The

shou
given
tests
be pr
an ar

G.8

The
state

eer's control, should be indicated.

B Sampling and testing procedure

hature and number of samples taken on_each occasion and the dates when such sample
d be stated together with the locatien’where they were taken. The name of the laborato
, together with the contractual arrangements for sampling and testing. The purpose and
analyses should be stated, followed by a resume of the results. Copies of the laboratory rg
ovided as an annex. In a case of load testing, the test plan and other documents should b
nex.

Analysis

g. clients' or

adequately
beyond the

5 were taken
ry should be
hature of the
ports should
b provided in

ype of caleulation carried out and the criteria against which the results have been judged should be
. The findings should be summarised. Detailed calculations may be reproduced in an annex.

G.9

Verification

The verification of structural safety and serviceability should be carried out as described in Clause 7.

G.10 Discussion of evidence

As the heading indicates, this is the item under which one discusses the importance of each of the findings
described under G.11 and G.12, and, in particular, their relevance to the objectives of the assessment. Any
uncertainties remaining after the investigation and any needs for further checks should be stated here.

©I1SO
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G.11 Review of intervention options

The possible options of interventions should be reviewed. The estimated cost associated with each of the
options may be provided.

G.12 Conclusions and recommendations

G.12.1 Conclusions

of the findings. Every conclusion should be based on matters contained in the preceding sections ofthe feport.

G.12.2 Recommendations
Courses of gction that are available to the client as a logical follow-up to the conclusions should be briefly

described. Brief ideas about the cost for the courses should also be given. Thelremaining working life,
inspection and maintenance planning and next date for assessment should be specified.

G.12.3 Annexes

The following items should be provided: drawings, photographs, laboratery reports, calculations, etc.
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Annex H
(informative)

Design of upgrading

H.1 Reasons for upgrading

Interyention for upgrading may be carried out for a number of reasons including the following:

a) strengthening to improve the ultimate limit state performance of specific structural eléments pr the overall
tructure;

b) enhancement of some aspect of elemental or overall serviceability performance;
c) medies to compensate for the effects of current or anticipated structural\deterioration;
d) preventive measures to avoid or minimize future structural deterioration.

NOTH Upgrading is outside the scope of this International Standard. This informative annex i$ included for
completeness of the coverage.

H.2 |Methods of upgrading

Ther¢ are a variety of ways by which interventions for upgrading can be implemented. An individual scheme
may [utilize a combination of methods to achieve: different objectives. These include the following generic
apprgaches:

ements or the overall structure (e.g. increase in section size by overlay or application [of additional

a) }:Odification of structural capacity orsome other structural performance parameter of spedific structural
I
aterial, provision of supplementary reinforcement, plate bonding or introduction of prestresging);

b) iptroduction of additional (structural components (e.g. provision of a supplementary structyral frame or
members to reduce the, proportion of the current or future actions carried by the existing structure,
introduction of stay cables or external stressing altering the load path);

c) modification of boundary conditions or methods of support (e.g. fixing joints to provide structyral continuity,
introducing joints);

d) applicationof coatings, membranes or some other types of barrier for modifying local gnvironmental
influences (e.g. by means of over-cladding, insulation or another form of enclosure) to mihimize future
dleterioration and so enhance durability.

H.3 Design of upgrading

H.3.1 It is necessary that the objectives of an individual scheme be clearly identified, together with any
associated constraints that can affect the choice of methodology for implementing the upgrading. It is
essential to ensure that sufficient information is available to enable undertaking the design of the upgrade with
confidence. It can be necessary to obtain additional information to supplement that obtained during earlier
phases of the assessment process.

H.3.2 It is generally necessary to assess structural performance for the ultimate limit states. However, it can
be necessary to give consideration to the performance for the appropriate serviceability limit states, as well as
for structural integrity, the effects of fire, durability, time-dependent behaviour and measures required to
ensure that additions or modifications to the structure act effectively with the existing structural elements.
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H.3.3 The choice of a particular upgrading method usually depends on the special circumstances relating to
the use of the structure in question. Design of the proposed intervention is generally an iterative process. The
proposed intervention normally is expected to be sympathetic to the nature and form of the existing structure,
taking account of any special architectural or heritage perspectives. In addition to technical and engineering
matters, it is also often necessary to compare for the various upgrading options on the basis of a cost-benefit
evaluation over the anticipated remaining working life of the structure.

H.3.4 The performance of an existing structure that has experienced appreciable deterioration can differ
significantly from that of the original structure. Severe deterioration can affect structural performance in a

number of ways, for example reducing ductility and altering the failure mode at the ultimate limit state.

H.3.5 Relafive Re ana—trhe-aepenRaeht—ere eHer—RHbehee—the—aegree—ertoaa—snarhg—oegveen
existing and [new structural elements. Structural modifications can also change the path by which actiorls are
transferred through the structure. It is essential that due account be taken of this and that appropriate

evaluations H

e made of all structural elements forming the load path to the foundations.

H.4 Plan

H.4.1 The
with different

H.4.2 Plan
be carried o
phases of ¢
upgrading to
works shoul
robustness g
to those res
recognize im
hazards. De

ing, phasing and control of upgrading works

fype of intervention depends on the function of the structure and structural elements conce
approaches often being employed for elements acting in compressian, tension or bending.

hing of the upgrading construction process, including the provision of temporary supports, s
it in co-operation with all parties to ensure the stability and. integrity of the structure duri
bnstruction. Deviations from the planned process should be evaluated by the designer ¢
ensure that the stability and integrity of the structure is maintained at all times. The deg
 seek to anticipate any significant changes that“can potentially arise in the stability
f the structure as the works are undertaken. The.essence of this information should be con
bonsible for undertaking the works. In programming the upgrading works, the designer s

viations from the planned sequence ofsworking should be carefully evaluated to assess

structural implications that they can have.

H.4.3 ltca
the control a
complex and
applied not
processing a

H.5 Other

H.51 ltis
and related
impose wide
existing struq

n also be necessary to implement'some form of structural monitoring as a means of assist
nd management of the upgrading works. A special monitoring system can be necessary V

involved structural works~are being undertaken. It is essential that sufficient resource
only to factors such a$§ instrumentation requirements, but also to factors associated
hd interpretation of the"data, and the management of the information from the monitoring sy§

considerations

statutory. requirements. These can not only apply to the construction process, but also po
I ddties in relation to the general public. Consideration should also be given to materials

rned,

hould
ng all
f the
igner
and
eyed
hould

portant divisions in the work and identify periods or phases of work that can involve partjcular

any

ng in
vhere
5 are

with
tem.

hecessary.that any proposed upgrading works comply with relevant health and safety guidelines

5sibly
n the

ture (e.g. asbestos-based products, etc.) that can be disturbed by the proposed upgrading.

H.5.2 Consideration should be given to disruptions in the use of the structure associated with a particular
intervention methodology.

H.5.3 A quality plan should be established for the proposed upgrading, while giving consideration to all
processes and actions concerned with its design and implementation. All processes requiring documented
procedures should be identified with separate identification of those processes, the results of which cannot be
verified by subsequent inspection and testing of the product. Actions that it is necessary to take with respect to
non-conforming product should be specified, together with subsequent corrective actions which should be
implemented.
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Annex |
(informative)

Heritage structures

Introduction

The purpose of this annex on heritage structures is to provide additional considerations for the Japplication of
this International Standard to heritage structures. This annex shall be read in conjunction*w

secti

This
struc
mate

NOTH

1.2

1.2.1

The

famil
taker
out in

1.2.2

The
elem
origir

NOTH
knowl
of ex
nonet]
archit

NOTH
criteri

ns of this International Standard.

pnnex is based on the premise that a structure can have cultural and heritage)value in its
ures should be preserved for their own sake and not merely as supports_for the rest o
rial. It follows that the integrity of the existing structure should be respected\during any intery,

Discussion of these issues is provided in References [10] to [14].

Fundamentals

Assessment of heritage structures

hssessment of a heritage structure includes two: aspects: that concerning its structural

ar to engineers, and that concerning its valugds a cultural resource. These two aspects
into account in any decision involving possible structural interventions and should therefg
tandem.

Heritage value

neritage value of an historje.structure resides in the authenticity and integrity of its chare
ents. To retain authenticity;and integrity, the structure shall be preserved, as far as poss
al materials and structuralconcept.

1 The structure_itSelf often represents an important aspect of the culture of its period: th
edge, technology; and skills of a given time represent a legacy to future generations. There are nume
Ceptional heritage” structures while other heritage structures are typical structural designs of t
heless are_critical to the cultural resource in their supporting role to other character-defining elen
ectural material or paintings.

2 A Judgments about heritage value and authenticity can differ from culture to culture, and thus, the|

th all of the

elf. Heritage
f the historic
Ention.

berformance,
hall both be
re be carried

cter-defining
bible, with its

P construction
ous examples
heir time, but
ents, such as

re are no fixed
onservation of

h /) some geographical areas, keeping alive traditional construction practice is privileged over the g

origin

1.2.3

al materials.

Limitation of structural intervention

An over-cautious approach to structural assessment should be avoided because it can lead to unnecessary
structural interventions and result in loss or major alteration of heritage character-defining elements and,
ultimately, in the loss of authenticity and historic significance of the cultural resource. Furthermore, excessive
scope of intervention can add unnecessary cost and compromise the viability of a conservation project, and
eventually jeopardize the existence of a cultural resource.

NOTE In the case of historic resources, the commemorative integrity of an historic site can be threatened by
unjustified structural interventions.
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