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FOREWORD

The Leonardo da Vinci Project CZ/11/LLP-LdV/TOI/X®6 “Vocational Training in
Assessment of Existing Structuresddresses the urgent need to educate studentsg youn
engineers and professionals about the assessmemntisbing structures. The future of the
entire construction industry depends on its movingm new constructions towards
maintenance, repair and rehabilitation of exisstrgctures. The safety assessment of existing
structures therefore plays an important role.

The assessment of existing structures is an urgem of great economic significance
in most countries around the world, as more tha®56f all construction activities concerns
existing buildings, bridges and other civil engineg works. At present, the Eurocodes
which will be used in all CEN Member countries aramarily focused on the design of new
structures. Additional operational rules for exigti structures are still missing. The
international standard 1ISO 13822 provides only ganprinciples for the assessment of
existing structures, and these should be furtheeldped for their effective operational use in
practice.

The current project addresses the urgent naethéoimplementation of principles
for the assessment and verification of existimgcstires to be put into practice in the Czech
Republic and other partner countries. The projecsupported by the Czech Chamber of
Chartered Engineer€KAIT). The project consortium, under the leadersbipthe Klokner
Institute of the Czech Technical University in RragKIl CTU), consists of the Secondary
Technical School of Civil Engineering (CZ) and tresearch institutions and universities
from four EU Member States (DE, ES, IT, NL), plune associated country (TR). All the
researchers in the partnership are involved inarebeprojects dealing with the reliability
assessment of existing structures. They particigatethe national and international
standardization activities within the organizati@tsN and 1SO.

The project outcomes include vocational trggnmaterials based on documents
from the international research organization J@iammittee on Structural Safety JCSS and
international research projects, the selected owsoof the previous project of the Leonardo
da Vinci Programme (developed by 5 partners ofphesent consortium in 2008-2010) as
well as on background documents to the new Europednnternational standards.

The basic project outcomes are 3 handbooks. Hakdbdtnnovative Methods for
the Assessment of Existing Structures” is focusedhethodologies to assess and evaluate the
condition of existing structures. The methodologiesvided are independent of the type of
structure and material, and are compatible with dhekground methodologies used in the
Eurocodes. Operational techniques for the assessofieexisting structures and associated
case studies are presented in Handbook 2 of thjeqtr The present Handbook 3 “Basics for
Assessment of Existing Structures” represents algied - “2 in 1” - version of Handbooks
1 and 2, adapted for the purposes of secondargitadtschool students.

The authors believe that the material in Handbodak @esented in a comprehensible
way, supported with examples, and many referencegrvided for background material
and further study.

Ceské Budovice and Prague, 2013
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6 Chapter 1 — Introduction

CHAPTER 1 - INTRODUCTION:
STANDARDS FOR STRUCTURAL ASSESSMENT

Milan Holicky and Jana Markova®
'Klokner Institute, Czech Technical University ireBue

Summary

There are still missing harmonised European rutegstlie assessment of existing
structures. Recent working meetings of the Techn@ammittee CEN/TC 250 of the
European Committee for Standardization revealet ttie preparation of the new Eurocode
for the assessment of existing structures is nedéesently the international standard ISO
13822 may be applied for the harmonisation of rédegshe assessment of existing structures
with basis and requirements of Eurocodes. It iseetgd that in the second generation of
Eurocodes a new standard will be developed focusimghe assessment and verification of
existing structures.

1 CURRENT STATE

Assessment of existing structures is an importampict for experts working in
construction in most industrial countries, wheieatalitation including repairs and upgrading
of construction works represent about half of alhstruction activities. It is due to several
circumstances including following items.

« Existing structures represent substantial, conlipuzcreasing economic contribution

» Users are interested in a new way of exploitatib@xasting structures

* Many existing structures do not fulfil requirementurrently valid standards.

* An European standard for the assessment and tet@if existing structures has not
been developed yet.

* Assessment of existing structures often require®wkedge overlapping the
framework of standards for the design of new stmas.

e Assessment should be focused on minimal construdtiterventions to existing
structures.

« Civil engineers, owners and representatives of gomental authorities need new
guidance for the assessment of existing structures.

Presently new European standards are implementetbgt CEN Member countries
and applied for the design of new structures. @Qalghational standards for structural design
are withdrawn or revised in order to harmonizearal prescriptive documents in all Member
States with respect to requirements of EurocodéS@rstandards.

However, the Eurocodes serve mainly for the desfgrew structures. There have not
been introduced explicit provisions for the assesgrof existing structures and for design of
their repairs or upgrading till now. For this puspathe international standard ISO 13822 [1]
based on the same principles as Eurocodes is edemdhich may be supplemented by
national provisions based on practice of regior@istruction industry. Original national
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standards{SN 73 0038 [2] in the Czech Republic) may be inetlitb the National Annexes
(the standard I1ISO 13822 is implemented in the CReghublic a&’ SN ISO 13822 [1]).

2 1SO 13822

ISO 13822 [1] provides general requirements andquores for the assessment of
existing structures (buildings, bridges, industsaiuctures etc.), based on the principles of
structural reliability and taking into account siiiegoroblems of existing structures. This is a
materially independent prescriptive document applie to the assessment of any type of
existing structure designed and executed accortintpeoretical basis and original design
rules or based on long-term experience and prafieasprocedures.

Translation of ISO 13822 [1] to the Czech languagel coordination of the
development of six National Annexes was assureithé¥Klokner Institute CTU in Prague in
co-operation with the Faculty of Civil Engineeriagd the Technical and Test Institute for
Construction Prague.

The partial factor method or probabilistic methaday be applied for the reliability
analyses of structures according to CSN ISO 13&R2ZJeneral procedures are recommended
for the determination of actions and material props. 1ISO 13822 [1] explains why current
standards for structural design are not sufficiemtthe reliability assessment of existing
structures, for the design of their repairs or aggrg. Present design codes do not provide
procedures for the assessment of the current efagxisting structures and resistance of
materials. Moreover, they are not dealing with utaieties due to real use of construction
works and history of action effects. Residual wogklife and purpose of application should
be also taken into account. Some existing strustamght be sufficiently reliable despite they
comply with requirements of current, often moreicstrequirements of currently valid
standards for structural design.

National Annexes represent important parts of I&@dard implemented in the Czech
Republic a€’SN ISO 13822 [1].

— Annex NA supplements selected provisions of ISO2238nd concerns general,
material independent matters of structural assassmd®me terms are explained
which are still not common in national standardg.(@ssessment, rehabilitation,
plan of safety measures) while some national teanesnot applied in standard
ISO 13822 [1] (e.g. conversion, reconstruction,edgf There are introduced
procedures for determination of actions on stres@and actual material properties.

— Annex NB deals with testing of existing structurasd materials. It provides
general principles for experimental verifications\da makes references to
prescriptive documents for the testing of mateald structures.

- Annex NC gives provisions for specification of peojes of concrete,
reinforcement and prestressing reinforcement fastiexy structures.

— Annex ND gives provisions for steel, cast iron armmposite steel concrete
structures.

— Annex NE gives guidance for specification of prajgsr of timber and composite
timber concrete structures.

— Annex NF includes basic provisions for the assessmé properties of existing
masonry elements and mortars including procedurehi® evaluation of masonry
strength.
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The requirements for safety and serviceability ggetin the international standard
CSN ISO 13822 [1] are in principle the same as ttresemmended for the design of new
structures. There are, however, some fundameritaletices between the criteria for design
of new structures and assessment of existing stegtindicated in Table 1. Generally, it is
required to minimize structural intervention to g structures and to use existing
materials. Actual properties of existing matergtieuld be, however, carefully assessed.

Table 1. Different criteria for the assessment effgrmance requirements for reliability of
structures.

Criteria Existing structures New structures

Economical | incremental cost for increasing struatsafety is incremental cost of increasing
commonly high structural safety is commonly lower

Social may be significant due to reduction or disian of commonly less significant than for

serviceability and preservation of heritage values existing structures

Sustainability] in large measure existing materials are used, gattii commonly new materials are applied
reduction of waste and recycling

3 FORESEEN DEVELOPMENT OF STANDARDS FOR EXISTING STRUCTURES

National development

Implementation of ISO 13822 [1] into the systermafional prescriptive documents
facilitates to develop an operational document tfog reliability assessment of existing
structures in the CEN Member States according ¢opitinciples of Eurocodes. ISO 13822
[1] is an important international standard and b&@EN and some European countries (e.g.
UK, Slovakia) are interested in this document.

It is foreseen that some National Annexes will lpptemented with some still
missing information, mainly the National Annex N& the assessment of existing masonry
structures. It is also necessary to introduce rdeteail information concerning procedures for
the specification of design values of basic vagablthe load-bearing capacity of existing
structures and determination of reliability levethwrespect to the consequences of failures
(categorisation of structures) and remaining wagkiife of structures. Complementary
provisions for some specific structures are misgeng. bridges). Therefore, the amendment
of the standard ISO [1] including translation ofettAnnex | is under preparation
supplementing the original standard by provisiarstiie assessment of heritage structures. It
is foreseen to develop a new part of the Nationahex with supplementary information
concerning heritage structures for national coadsi

International development

Currently, in Europe there are missing common desides for the assessment and
retrofitting of existing structures which should bensistent with Eurocodes. Problems of
new European standards for existing structures baea dealt with in the framework of the
Technical Committee CEN/TC 250 since 2005 year. S@BN Member States are willing to
develop new rules for existing structures basedhensame principles as Eurocodes, other
countries are interested to apply their own natistendards and national approaches of the
assessment. New advisory panel of CEN/TC 250 canvéprof. M. Holicky from the
Klokner Institute CTU is also a member) was chargeth the development of a study
indicating whether a new Eurocode for the assessmerexisting structures should be
prepared and what would be its scope. The docurem37 [7] is a background for
preparation of plans for further evolution of Euvdes. The plan was prepared within the
Technical Committee CEN/TC 250 and submitted fer Buropean Commission (EC). After
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many negotiations it was prepared a final proposdlandate M/515 [13] on the basis of
expectation of a certain financial support of E€dwolution of Eurocodes.

Following main contributions of the new Eurocode tlte assessment and retrofitting
of structures are assumed on the basis of docuienB87 [7] and proposal of mandate
M/515:

— provide new harmonised European technical rules éaisting structures
harmonized with basic requirements of Eurocodelil{fent of requirements for
mechanical resistance, stability and resistandgeoncluding aspects of durability
and economy),

— development of construction works in urban and stdal areas, and also of
infrastructure leading to repairs, upgrading andrgement of existing structures,

— preparation of new provisions for analyses of @xgststructures facilitating to
identify their potential that could be includednew development plans,

— upgrading of existing structures with applicatioi onew technologies for
retrofitting, improve the quality of energetic eftiwe building envelope,

— application of more precise methods for verificatiof existing structures
facilitating removal of unneeded conservatism wh#suring required safety,

— provide a better understanding among owners, udessgners, manufacturers of
construction products (facilitating application wéw materials and products for
existing structures),

— facilitating exchange of services in constructietveen the Member States,

— effective commercialisation and application of domgtion precast members,

— more easy use of materials and products propevtish are taken into account in
analyses,

— preparation of common design tools and software,

— competitiveness growth of European construction manmes, producers, users of
standards and clients (the volume of cases of fitting of existing structures
increases in Europe, USA, China, India and ottees].

The Technical Committee CEN/TC 250 will co-operatiéh EOTA, with CEN/TCs
for construction product and also with building gmmies in the European technological
platform.

It is expected that the development of standardiferassessment and retrofitting of
existing structures will make it possible to effeely exploit existing structures. Safety and
robustness of existing structures against advert®mna will be increased. The new
developments of product standards are foreseeheiriramework of the preparation of this
standard.

Some requirements on existing structures and lsidgel their economic and social
assets are introduced in Table 2.
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Table 2. Requirements on existing construction wankd assets

Structure Demand Growth drivers and needs
Sustainability of Reusing of existing buildings in towns
development
Energy saving .

(heating) Reducing of energy loss
Energy saving .
0
S (cooling) Reducing of energy loss
S : . New evacuation plans, prevent of fire spread,
= Fire protection : . :
3 improvement of fire resistance
adaption to new occupancies and uses, increase of
Safety . . : 7 )
resistance against accidental and seismic actions
Servu_:eablllty and Improvement of stiffness, serviceability, elevators
security
Acoustic Improvement of acoustic properties
Sustainable Using existing traffic roads
development
g)) Security of use Requirements for dimensions, diefles, clearances
ke, Fulfilment of requirements on load bearing capacity
= Safety . . . .
9] resistance to accidental and seismic actions
. Reduction of maintenance costs, enhancement of
Durability - o
remaining working life

The new standard for the assessment and retrgfitimexisting structures should
include following principles
— currently valid standards should be applied for thezification of structural
reliability while original codes applied in the wwttural design should have
informative character only,
— actual characteristics of construction materialstioas, geometrical data and
information concerning structural behaviour shdugdapplied.

New Eurocode for existing structures should include

— methodology of collecting, evaluation and data tipda

— applications of partial factor method including gibdity for direct use of
probabilistic methods consistent with Eurocodes,

— assessment of target reliability level for existisgyuctures, consideration of
remaining working life, consequence of failure @odts on safety measures

— assessment based on previous satisfactory pastmperice,

— structural interventions and preparation of repotth results of assessment.

According to the document N 737 [7] the preparatiddra new European standard for the
assessment of existing structures and for theiofiting should start as soon as possible.
New European prescriptive documents for the assm#sof existing structures have been
developed and therefore, a later harmonisatiomefstandards into one European document
would be considerably difficult. Harmonisation of gesting procedures for construction
materials and products is also important.
Presently existing construction works form arour@l % of the total construction

works for which it is necessary to prepare guidaioceheir assessment. It is expected that
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development of new Eurocode will be supported leyEaropean Commission, JRC research
centre, National standard bodies, CEN, EOTA anctaieh organisations dealing with
prenormative research. Guidance paper L [8] andideat N 250 [9] will be applied for the
development of new Eurocode used within the prejoaraf all EN Eurocodes.

Backgrounds for the development of Eurocode for thassessment of existing structures

National and also international prescriptive docaoteemay be applied for the
development of new Eurocode for structural assessrBesides standard ISO 13822 [1] it is
foreseen to use the Bulletin fib [10], reports [2],and document [13].

National standards are also available for strutassessment in several CEN Member
States, e.g. in UK (Highways Agency Requiremenisizermany (DS805, Leitfaden fir den
Sicherheitsnachweis Vorhandener Stral3enbrickergwitzerland (SIA 269), in Austria and
in the Czech Republic®SN 73 0038 [2] where selected provisions were imgleted to the
National Annexes of SN ISO 13822 [1]).

The new European prescriptive document for the FRPre Reinforced Polymers),
currently under development should be also an itapbrdocument for the retrofitting of
existing structures.

4 CONCLUDING REMARKS

Eurocodes serve mainly for the design of new sirest However, harmonised
European rules are still missing for the assessmkskisting structures. Therefore, a new
document has been prepared in the framework ofT#ahnical Committee CEN/TC 250
confirming needs for the preparation of new Eurecddr the assessment of existing
structures.

Implementation of ISO 13822 to the system of Cz&temdards makes it possible to
apply the same principles for the assessment sfiegistructures on which the Eurocodes are
based. There are introduced supplementary datanéordhation about traditional procedures
used in Czech construction. It is expected thaN 1SO 13822 [1] will become one of the
background documents for the preparation of newo&ade for the design of existing
structures.
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CHAPTER 2: GENERAL FRAMEWORK

Milan Holicky > Miroslav Sykora®

Klokner Institute, Czech Technical University ireBue, Czech Republic

Summary

Assessment of existing structures is in many aspditferent from that taken in designing a
new structure. The effects of the construction @sscand subsequent life of the structure,
during which it may have undergone alteration, etation, misuse, and other changes to its
as-built (as-designed) state, must be taken intowat. In general actual variation in the basic
variables describing actions, material propertigsometric data and model uncertainties
should be taken into account. Taking into accohesé documents the main principles for
assessment of existing structures may be summaagéalows:

- Available scientific knowledge and know-how ingding currently valid codes should

be applied; historical practice and provisions dialthen the structure was built

(designed), should be used as guidance informatibn

- Actual characteristics of structural materialti@t, geometric data and structural

behaviour should be considered; the original doecuat®n including drawing should

be used as guidance material only.
The most important step of the whole assessmeregduwe of existing structures including
evaluation of inspection data and updating of pimdormation concerning strength and
structural reliability, described in detail in Hdabk 1, are summarised in this Handbook in a
condense and operational form.

1 INTRODUCTION

1.1 Background documents

Three International Standards ISO 2394 [1], ISO2R3R] and ISO 12491 [3], related to the
assessment of existing structures, have been heateloped. Moreover, ISO 13822 [2]
contains an annex focused on heritage structureditidnal information may be found in a
number of scientific papers and publications, fearaple in [4], [5] and [6]. Examples of
practical procedures and technique are presentetémt papers [7] and [8].

1.2 General principles

Assessment of existing structures is becoming aenamd more important and frequent
engineering task. Continued use of existing stmastus of a great significance due to
environmental, economic and socio-political assgtswing larger every year. These aspects
are particularly relevant to heritage buildingstthlvays constitute a great historical, social
and economic value.
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General principles of sustainable developmegularly lead to the need for extension of
the life of a structure, in majority of practicahses in conjunction with severe economic
constraints. That is why assessment of existingctires often requires application of
sophisticated methods, as a rule beyond the scopraditional design codes. Nevertheless,
apart from few national codes, three Internati@tahdards ISO 2394 [1], ISO/CD 13822 [2]
and ISO 12491 [3], related to assessment of egistiructures, have been recently developed.

The approach to the assessment of existingtates is in many aspects different from that
taken in designing the structure of a newly proddsailding. The effects of the construction
process and subsequent life of the structure, dwsnich it may have undergone alteration,
deterioration, misuse, and other changes to itsuds{as-designed) state, must be taken into
account.

However, even though the existing structurey rha investigated several times, some
uncertainty in the basic variables and structuedidviour shall always remain. Therefore,
similarly as in design of new structures, actualiateon in the basic variables describing
actions, material properties, geometric data andahoncertainties are taken into account by
partial factors or other code provisions.

In general, an existing structure may be subgeto the assessment of its actual reliability
in case of:

- rehabilitation during which new structural memsbare added to the existing load-
carrying system;

- adequacy checking in order to establish whetiemexisting structure can resist loads
associated with the anticipated change in use effalility, operational changes or

extension of its design working life;

- repair of a building, which has deteriorated daetime dependent environmental

effects or which has suffered damage from accidewcteons, for example, earthquake;

- doubts concerning actual reliability of the sture.

In some circumstances assessments may alscechered by authorities, insurance
companies or owners or may be demanded by a maimterplan.

2 PRINCIPLES OF ASSESSMENT

Two main principles are usually accepted when agsg&xisting buildings:

- Currently valid codes for verification of strucal reliability should be applied, codes

valid in the period when the structure was desigsigould be used only as guidance
documents.

- Actual (estimated) characteristics of structuralterials, actions, geometric data and
structural behaviour should be considered, ther@iglesign documentation including

drawings should be used as guidance documents only.

The first principle should be applied in orderachieve similar reliability level as in case
of newly designed structures, taking only accounea@nomic aspects as indicated below.
The second principle should avoid negligence of simyctural condition that may affect
actual reliability (in favourable or unfavourablayy of a given structure.

Most of the current codes are developed asmyntine concept of limit states in
conjunction with the partial factor method. In aaance with this method, which is mostly
considered here, basic variables are specifiedhlyacteristic or representative values. The
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design values of the basic variables are determimedthe basis of the characteristic
(representative) values and appropriate partiabfac

It follows from the second principle that asswal inspection of the assessed structure
should be made whenever possible. Practical experishows that inspection of the site is
also useful to obtain a good feel for actual situaaind state of the structure.

As a rule the assessment need not to berpertbfor those parts of the structure that will
not be affected by structural changes, rehabibtatrepair, change in use or which are not
obviously damaged or are not suspected of havsgffigient reliability [2].

In general, the assessment procedure comgighe following steps (see the flow chart in

[2]):

- specification of the assessment objectives reduiy the client or authority;
- scenarios related to structural conditions arimas;
- preliminary assessment:
study of available documentation;
preliminary inspection;
preliminary checks;
decision on immediate actions;
recommendation for detailed assessment;
- detailed assessment:
- detailed documentary search;
- detailed inspection;
- material testing and determination of actions;
- determination of structural properties;
- structural analysis;
- verification of structural reliability;
- report including proposal for construction intemton;
- repeat the sequence if necessary.

When the preliminary assessment indicatesthigastructure is reliable for its intended use
over the remaining life a detailed assessment mapa required. Conversely if the structure
seems to be in dangerous or uncertain condition ediate interventions and detailed
assessment may be necessary.

3 INVESTIGATION

Investigation of an existing structure is intendederify and update the knowledge about the
present condition (state) of a structure with respe a number of aspects. Often, the first
impression of the structural condition will be basn visual qualitative investigation. The
description of possible damage of the structure rthaypresented in verbal terms like:
‘'unknown, none, minor, moderate, severe, destrictitery often the decision based on such
an observation will be made by experts in a purglyitive way.

A better judgement of the structural conditman be made on the basis of (subsequent)
quantitative inspections. Typically, the assessmisnta cyclic process when the first
inspection is supplemented by subsequent investigat The purpose of the subsequent
investigations is to obtain a better feel for tleual structural condition (particularly in the
case of damage) and to verify information requitgddetermination of the characteristic and
representative values of all basic variables. Hoingpection techniques, information on the
probability of detecting damages if present, aredatcuracy of the results should be given.
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The statement from the investigation contaassa rule, the following data describing

- actual state of the structure;

- types of structural materials and soils;

- observed damages;

- actions including environmental effects;
- available design documentation.

Proof loading is a special type of investigati Based on such tests one may draw
conclusions with respect to:

- the bearing capacity of the tested member uriaetetst load condition;
- other members;

- other load conditions;

- the behaviour of the system.

The inference in the first case is relatively edhg probability density function of the load

bearing capacity is simply cut off at the valuetw proof load. The inference from the other
conclusions is more complex. Note that the numbeproof load tests needs not to be

restricted to one. Proof testing may concern oeeneht under various loading conditions
and/or a sample of structural elements. In ordeawoid an unnecessary damage to the
structure due to the proof load, it is recommenttedncrease the load gradually and to
measure the deformations. Measurements may alsoagbetter insight into the behaviour of
the system. In general proof loads can addresstemng or time-dependent effects. These
effects should be compensated by calculation.

4 BASIC VARIABLES

In accordance with the above-mentioned generatiples, characteristic and representative
values of all basic variables shall be determirsing into account the actual situation and
state of the structure. Available design documeontais used as a guidance material only.
Actual state of the structure should be verifieditsyinspection to an adequate extent. If
appropriate, destructive or non-destructive inspast should be performed and evaluated
using statistical methods.

For verification of the structural reliabilityising the partial factor method, the
characteristic and representative values of basialles shall be considered as follows:

(@) Dimensions of the structural elements shall de¢ermined on the basis of
adequate measurements. However, when the origesibmnl documentation is
available and no significant changes in dimensiwage taken place, the nominal
dimensions given in the documentation may be usdide analysis.

(b) Load characteristics shall be introduced with values corresponding with the
actual situation verified by destructive or nonidasive inspections. When some
loads have been reduced or removed completelyrapeesentative values of
these loads (actions) can be reduced or approg@atal factors can be adjusted.
When overloading has been observed in the pasaytbe appropriate to increase
adequately representative values.

(c) Material properties shall be considered acecwydio the actual state of the
structure verified by destructive or non-destrugtinspections. When the original
design documentation is available and no seriotsrideation, design errors or
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construction errors are suspected, the charadatevedtes given in original design
may be used.

(d) Model uncertainties shall be considered indhme way as in design stage unless
previous structural behaviour (especially damagéjcates otherwise. In some
cases model factors, coefficients and other demsgnmptions may be established
from measurements on the existing structure (eigdvpressure coefficient,
effective width values, etc.).

Thus the reliability verification should be ddad up by inspection of the structure
including collection of appropriate data. Evaluatiof prior information and its updating
using newly obtained measurements is one of the imp®rtant steps of the assessment.

5 EVALUATION OF INSPECTION RESULTS

Using results of an investigation (qualitative iespon, calculations, quantitative inspection,
proof loading) the properties and reliability esabes of the structure may be updated. Two
different procedures can be distinguished:

(@) Updating of the structural failure probability
(b) Updating of the probability distributions ofdsa variables.

Direct updating of the structural reliability (pexure (a)) can be formally carried out using
the following basic formula of the probability thgo

PFnl)

PED =505

1)

where P denotes probabilitys local or global failure,l inspection information, anch
intersection of two events. The inspection infooral may consist of the observation that
the crack width at the beam B is smaller than atlikam A. An example of probability
updating using equation (1) is presented e.g.]in [6

The updating procedure of a univariate or maitiate probability distribution (procedure
(b)) is given formally as:

fx(x|l) = C PIx) Fx(x) (2)

where k(x|l) denotes the updated probability density functminX, fx(x) denotes the
probability density function oK before updatingX a basic variable or statistical parameter,
inspection informationC normalising constant, andIR{ likelihood function.

An illustration of equation (2) is presentedHigure 1. In this example updating leads to a
more favourable distribution with a greater desigiue x4 than the prior design valug. In
general, however, the updated distribution mightat®o less favourable than the prior
distribution.

The updating procedure can be used to denated characteristic and representative
values (fractiles of appropriate distributions)bafsic variables to be used in the partial factor
method or to compare directly action effects withit values (cracks, displacements). More
information on updating may be found in ISO 12431 |
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Once the updated distributions for the basigables {(x) have been found, the updated
failure probability PE|l) may be determined by performing a probabilisti@algsis using
common method of structural reliability for newmustiures. Symbolically it can be written

PEIy= | fu(xI1)dx 3)

g(x)<0

where &(x|l) denotes the updated probability density funcaod g&) < O denotes the failure
domain (gK) being the limit state function). It should be yed that the probability (),
given the design values for its basic variablegsdmwt exceed a specified target value.

A
fx(x), fx(x|I)

updated distributiondx|l)

prior distribution %(x)

prior xq updatedy
Figure 1: Updating of probability density functitor an expected variabke

A more practical procedure is to determineaipd design values for each basic variable
(procedure (b)) that is discussed in Chapter 6.

6 STRUCTURAL ANALYSIS

Structural behaviour should be analysed using nsotthelt describe actual situation and state
of an existing structure. Generally the structureusd be analysed for ultimate limit states
and serviceability limit states using basic vamgbland taking into account relevant
deterioration processes.

All basic variables describing actions, mateproperties, load and model uncertainties
should be considered as mentioned above. The amgriassociated with the validity and
accuracy of the models should be considered dudsgessment, either by adopting
appropriate factors in deterministic verificatiamsby introducing probabilistic model factors
in reliability analysis.

When a structure is analysed, conversion fageflecting the influence of shape and size
effect of specimens, temperature, moisture, duratfeload effect, etc., should be taken into
account. The level of knowledge about the conditmin components should be also
considered. This can be achieved by adjusting #stiraed variability in either the load
carrying capacity of the components or the dimerssiof their cross sections, depending on
the type of structure.
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When deterioration is observed, the relevardgchmnisms shall be identified and a
deterioration model predicting the future perforecaf the structure shall be determined on
the basis of theoretical or experimental invesiggtinspection, and experience.

7 VERIFICATION

Reliability verification of an existing building all be made using valid codes of practice, as a
rule based on the limit state concept. Attentiooudth be paid to both the ultimate and
serviceability limit states. Verification may bergad out using partial safety factor or
structural reliability methods with consideratiorf etructural system and ductility of
components. The reliability assessment shall beema#fing into account the remaining
working life of a structure, the reference periadd changes in the environment of a structure
associated with an anticipated change in use.

The conclusion from the assessment shall taitits a plausibility check. In particular,
discrepancies between the results of structuralysisa(e.g. insufficient safety) and the real
structural condition (e.g. no sign of distressailure, satisfactory structural performance) must
be explained. It should be kept in mind that mangimeering models are conservative and
cannot be always used directly to explain an adiahtion.

The target reliability level used for veriftan can be taken as the level of reliability inepli
by acceptance criteria defined in proved and aecegesign codes. The target reliability level
shall be stated together with clearly defined listéte functions and specific models of the
basic variables.

The target reliability level can also be ebshied taking into account the required
performance level for the structure, the refergmeeod and possible failure consequences. In
accordance with I1ISO 2394 [1}he performance requirements for assessment cn‘tinajd
structures are the same as for design of a newtsteu Lower reliability targets for existing
structures may be used if they can be justifietherbasis of economical, social and sustainable
consideration (see Annex F to ISO/CD 13822 [2] mmcherical example in [8]).

An adequate value of the reliability ind&should be in general determined [2] considering
appropriate reference period. For serviceabilitgd datigue the reference period equals the
remaining working life, while for the ultimate litnstates the reference period is in principle the
same as the design working life specified for neéxmcsures (50 years for buildings). This
general approach should be in specific cases smgpiied by detailed consideration of the
character of serviceability limit states (reversiblirreversible), fatigue (controllable,
incontrollable) and consequences of ultimate list@tes (economic consequences, number of
endangered people, loss of the cultural heritagjeeya

8 ASSESSMENT IN THE CASE OF DAMAGE

For an assessment of a damaged structure the fioiastepwise procedure is recommended:

1) Visual inspection

It is always useful to make an initial visual inspen of the structure to get a feel for its
condition. Major defects should be reasonably evide the experienced eye. In the case of
very severe damage, immediate measures (like abaratt of the structure) may be taken.

2) Explanation of observed phenomena
In order to be able to understand the present tondof the structure, one should simulate
the damage or the observed behaviour, using a nafddie structure and the estimated
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intensity of various loads or physical/chemical rages. It is important to have available
documentation with respect to design, analysis @mtbktruction. If there is a discrepancy
between calculations and observations, it mighivbeghwhile to look for design errors, errors
in construction, etc.

3) Reliability assessment

Given the structure in its present state and gitierpresent information, the reliability of the
structure is estimated, either by means of a fiprobability or by means of partial factors.
Note that the model (structural analysis) of thespnt structure may be different from the
original model. If the reliability is sufficient.@. better than commonly accepted in design)
one might be satisfied and no further action isieql.

4)  Additional information

If the reliability according to step 3 is insufieit, one may look for additional information
from more advanced structural models, additionapéttions and measurements or actual
load assessment.

5) Final decision
If the degree of reliability is still too low, omeight decide to:
- accept the present situation for economical mesiso
- reduce the load on the structure;
- repair the building;
- start demolition of the structure.

The first decision may be motivated by the fact tha cost for additional reliability is much
higher for existing structure than for a new stioet This argument is sometimes used by
those who claim that a higher reliability shoulddemerally required for a new structure than
for an existing one. However, if human safety igoined, economical optimisation has a
limited significance.

9 FINAL REPORT AND DECISION

The final report on structural assessment and plessiterim reports (if required) should
include clear conclusions with regard to the olyecbf the assessment based on careful
reliability assessment and cost of repair or upggdrhe report shall be concise and clear. A
recommended report format is indicated in Annex &GO/CD 13822 [2].

If the reliability of a structure is sufficiemo action is required. If an assessment shows
that the reliability of a structure is insufficiemtppropriate interventions should be proposed.
Temporary intervention may be recommended and gebdy the engineer if required
immediately. The engineer should indicate a pretesolution as a logical follow-up to the
whole assessment in every case.

It should be noted that the client in colladmn with the relevant authority should make
the final decision on possible interventions, basmd engineering assessment and
recommendations. The engineer performing the assegsmight have, however, the legal
duty to inform the relevant authority if the clieddes not respond in a reasonable time.

In the case of heritage structures minimigatd construction interventions is required in
rehabilitation and upgrades, but sufficient reli#pshould also be guaranteed. When dealing
with the preservation of heritage buildings, it mag difficult to propose construction
interventions that respect all requirements forsereation of the heritage value. Modern
principles of interventions seem to include théofeing aspects:
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- Unobtrusiveness and respect of the original cpinae,
- Safety of the construction,
- Durability of materials,
- Balance between costs and available financiauress,
and in some cases also:
- Removalbility,
- Compatibility of materials,
- Indoor environment quality including aspects ofndort, security and accessibility.

10 CONCLUDING REMARKS

The main principles for assessment of existingcstines are:
- Currently valid codes for verification of strucali reliability should be applied, codes
valid in the period when the structure was desigiséduld be used only as guidance
documents;
- Actual characteristics of structural materialti@t, geometric data and structural
behaviour should be considered; the original desigcumentation including drawing
should be used as guidance material only.

The most important step of the whole assessm@tedure is evaluation of inspection
data and updating of prior information concernitrgrsgth and structural reliability. It appears
that a Bayesian approach can provide an effeatioke t

Typically, assessment of the existing strueduis a cyclic process in which the first
preliminary assessment is often supplemented bgesulent detailed investigations and
assessment. A report on structural assessmentrpdepy an engineer should include a
recommendation on possible intervention. Howevke tlient in collaboration with the
relevant authority should make the final decisionaerning possible interventions.
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ANNEX TERMINOLOGY

Extracted from ISO CD 8930.2 [9]

structure

structural elements
or

structural components

structural system

maintenance

assessment (of the
reliability of a
structure)
compliance

risk

failure

capacity

robustness

design criteria

limit states

limit state function

ultimate limit states

Organised combination of connected p$syned to provide
resistance and rigidity against various actions.

Physically distinguishable parts of a structureluding structural
members (such as columns, beams, slabs, shellglsmgints.

The system formed by the stratilements of a construction
works, and the way these elements function together

The routine activities to be performed during th@king life of a
structure in order to preserve fulfilment of reg@anents for
reliability.

Note to restore the structure after an accidentake@mic event is
normally outside the scope of maintenance.

Total set of activities performed in order to fiodt if the reliability
of the structure is acceptable or not.

Fulfilment of specified requirements

Danger that an undesired event represents for haireamironment
or properties.

Note risk can be expressed in terms of possible caresemps of
the undesired event, and associated probabilities.

Insufficient load-bearing capacity or ingdate serviceability of a
structure or structural element

Ability of a structure (or a part of it) to withstd without failure.
For instance: deformation capacity, rotation cagatoad-bearing
capacity.

Ability of a structure to withstandregelike fire, explosion,
impact) or consequences of human errors, withoughg#amaged
to an extent disproportionate to the original cause

Quantitative formulations descripihe conditions to be fulfilled
for each limit state.

States beyond which a structure ngéo satisfies the design
criteria. These boundaries between desired andsuede
performance of the structure are often represematiematically
by “limit state functions”.

A function of basic variableghose attainment of the ‘0’ value
characterises a limit state.

States associated with collapse, or with similam®of structural
failure.

Note they generally correspond to the loss of loadyiag capacity of a
structure or structural element.
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serviceability limit
states

irreversible
serviceability limit
states

Reversible
serviceability limit
states

serviceability criterion

serviceability
constraint

reliability
or structural reliability

element reliability

system reliability

probabilistic methods

reliability index

target reliability level

reliability class

reliability
differentiation

structural safety

States corresponding to conditions beyond whickiBpd service
requirements for a structure or structural elenag@tno longer met.
Note they are related to user’'s comfort, risk of deration, or
intended maintenance.

Serviceability limit states where some consequentestions
exceeding the specified service requirements esitiain when the
actions are removed.
Serviceability limit states where no consequendéexitions
exceeding the specified service requirements estiain when the
actions are removed.

Design criterion for a geeability limit state.

Limit value for a particular serviceability criten.

Ability of a structure (or a structural element)fwdfil specified
requirements - for safety, serviceability, and tility - over the
design working life. It may be evaluated as thebptwlity that the
structure will not attain a specified limit staterthg a specified
reference period.

Reliability of a structural ehent which has one single dominating
failure mode.

The reliability of a structur@lement which has more than one
relevant failure mode, or the reliability of a syst of more than
one relevant structural element.

Calculation methods in which the relevant basicaldes are
treated as random.

Note this term covers both reliability index methodhsl dully
probabilistic methods.

A substitute for the failure probability pdefined by

L=~ FYpr), where F is the inverse standardised normal
distribution.

The level of reliabilityeguired ensuring acceptable safety and
serviceability.

Class (of structures or struatw@lements) for which a particular
specified level of reliability is required

The socio-economic optimisation of the resourcdsetosed to
build construction works, taking into account ak texpected
consequences of failures and the cost of the aarisin.

Ability (of a structure or structural element) &sist, with a
specified level of reliability, the expected acgdjand also
specified accidental phenomena) during its constm@and
anticipated use.

Note the structural safety is related to the ultimatét states
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serviceability Ability (of a structure or structural element) twosv a specified
level of reliability during its normal use.
Note the serviceability is related to the service@plimit states

limit states method Calculation method in whichititention is to prevent the
structure from exceeding specified limit states.
basic variables A specified set of variables regamesg physical quantities which

characterise actions and environmental influengesmetrical
guantities, and material properties (including podperties).

primary basic variables A specified set of basitaldes, whose variability is of primary
importance in design.

model uncertainties  Uncergainties related to the accuracy of a model.
For instance: physical uncertainties, statisticedautainties.
statistical uncertainties Uncertainties related to the values of statisti@bhmeters, or to
the choice of the statistical distributions of thesic variables.

method of partial Calculation method in which allowance is made har t

factors uncertainties and variability assigned to the baar@bles by
means of representative values, partial factorsianelevant,
additive quantities.

reliability elemens Numerical quantities used in the partial factonfat, by which the
specified degree of reliability is assumed to lEhed.
Note the reliability elements are normally partialtfars and
additive quantities.

Importance factor Factor by which the importancéhefpossible consequences of
failure of a given structure is taken into account.

characteristic value  Value (of an action or a material or a geometncaperty) chosen
- either, on a statistical basis, so that it hpseacribed probability
of not being exceeded towards unfavourable values
- or, on a non-statistical basis, for instanceamguired experience
or on physical constraints (i.e. nominal value)

design value Value (of a basic variable) used in a design cater
Note this value is obtained
- either by multiplying or dividing a characterstialue by a partial
factor (in case of an action or a material property
- or by applying an additive or subtractive elemgnta
geometrical data)
- or by assessment on the basis of tests.

nominal value Value fixed on a non-statisticadibafor instance on acquired
experience or on physical constraints.

deterministic method Calculation method in whidhbalsic variables are treated as non-
random.

design working life Duration of the period durindgpieh a structure or a structural
element, when designed, is assumed to perfornisfamtended
purpose with expected maintenance but without majoair being
necessary.

durability Ability of a structure or a structurdeenent to maintain adequate
performance for a given time under expected actmas
environmental influences.

life cycle Total period of time during which theesxtion and use of a
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remaining working life

design situation

persistent design
situation

transient design
situation

accidental design
situation

construction works takes place.

The period for which an exg structure is intended/expected to
operate with planned maintenance.

Set of conditions under whichdasign is required to demonstrate
that relevant limit states are not exceeded dwiegecific time
interval.

Design situation that is relevant during a peribtroe of the same
order as the design working life of the structure.

Note generally it refers to conditions of normal usejuding
possible extreme loading from wind, snow, imposetls,
earthquakes in areas of high seismicity, etc.

Design situation which is relevant during a mucbrsér period
than the design working life of the structure, aridch has a high
probability of occurrence.

Note it refers to temporary conditions of the struetwf use, or
exposure, e.g. during construction or repair.

Design situation involving possible exceptional ditions for the
structure — in use or exposure -, including floggdifire, explosion,
impact or local failure.

seismic design situatio®esign situation involving the exceptional condisovhen the

hazard
environmental
influences

action

individual action

(or single action)

permanent action

variable action

accidental action

structure is subjected to a seismic event.

Exceptionally unusual and severe eventaa.gbnormal action or
environmental influence, insufficient strength esistance, or
excessive deviation from intended dimensions.

Chemical, biological, or physical influences ortracture. They
may deteriorate the materials constituting thecstme, which in

turn may affect its reliability in an unfavourabiay.

- a set of concentrated or distributed forces gatim a structure

(direct action),

or

- a set of deformations or accelerations imposed sinucture or
constrained within it (indirect action).

Action which can be assumed tetagistically independent in
time and space of amther action acting on the structure.
_Notean individual action may consist of several comgs,
partially correlated together; for example a thdratdion may
have a uniform component and a gradient compoadraffic load
has vertical and horizontal components.

Action which is likely to actdhghout a given reference period of
time, and for which the variation in magnitude withe around its
mean value is negligible, or for which the variatie monotonic
(i.e. always in the same direction) until the atctadtains a certain
limiting value.

Action which is likely to act dog a given design situation, and
for which the variation in magnitude with time isither negligible
nor monotonic.

Action which is foreseeable miikely to occur with a significant
value during the design working life of the struetu
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fixed action

free action

load arrangement
dynamic action
static action
guasi-static action
bounded action

sustained action,
transient action

self weight

prestress

geotechnical action

seismic action
imposed load
construction load

reference period

Action that has a fixed distribution and positioreba structure (or

a structural element). This means that the magaituml direction

of each individual force (or deformation or accatem) are

determined unambiguously for the whole structurenvh

determined at one point of it

For instance: a static water pressure.

Action that may have any spatial distribution othex structure

within given limits.

for instance : load of persons on a floor, vehides bridge
Identification of the positiongmigude and direction of a free

action.

Action that causes significant sredion to a structure (or a
structural element).

Action that does not cause signiticanteleration to a structure (or
structural element).

Static action representingrachic action including its dynamic
effects.

Action which cannot exceed a gexaiue (exactly or
approximately known).

A qualitative distinction, referring to the duratiof actions: e.g.
the weight of the furniture on a floor is a sustgiraction, whereas
the weight of persons on the floor is a transietiba.
_Noteone should avoid the expressiatead load on account of
its ambiguity.

Permanent action resulting from the egapdn of controlled
forces to a structure and/or of controlled defororet to it.

Action transmitted to the strcesby the ground, fill or
groundwater.

Action that arises due to earthq@akand motions.

notene should avoid the expressiding load' on account of its
ambiguity.
Load specifically related to axem activities.

A chosen period of time usedl@sse for assessing the design
value of variable and/or accidental actions.

representative values dRepresentative value of an action: a value assigméte action for

an action

characteristic value of

an action

a specific purpose, for instance the verificatiba tmit state.

The principal representative value of an actiors &hosen

- either, when a statistical base is availabldghabit can be
considered to have a prescribed probability ofbeing exceeded
(towards unfavourable values) during a referencogge

- or from acquired experience

- or on physical constraints.

Note the “reference period” shall take into accourmt design
working life of the structure and the duration oé idesign
situation.
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combination value of aValue chosen for an action in combination with oghein so far as

variable action it can be fixed on statistical bases — so thaptbeability that the
effects of the combination will be exceeded is agpnately the
same as when only the characteristic value of ¢hierais present.
This ‘combination value’ may be expressed as aqgfdfte
characteristic value by using a factay< 1.

frequent value of a Value determined — in so far as it can be fixedwaistical bases —

variable action so that
either the total time, within the reference periddiing which this
value is exceeded is only a small given part ofréfierence period,
or the frequency of this exceedance is limited ¢govan value.
This ‘frequent value’ may be expressed as a patieof
characteristic value by using a factar< 1.

guasi-permanent valueValue determined so that the total period of timewhich it will

of a variable action be exceeded is a large fraction of the referendeghe
The ‘gquasi-permanent value’ may be expressed astapthe
characteristic value by using a factar< 1.

load case A set of actions (including load arrang@shand imposed
deformations) and imperfections, taken into account
simultaneously for a particular verification.

combination of action Set of the design values of different simultaneattgons used for

(or load combination) the verification of the structural reliability farparticular limit
state.

fundamental Combination of permanent actions and variable ast{the leading

combination of actions action plus the accompanying actions) used foryatgcan
ultimate limit state.

accidental combinationCombination for accidental design situations, inugj either an

of actions explicit accidental action (e.g. fire or impact)tbe situation after
an accidental event.
characteristic Combination of permanent and variable actions @estudying a

combination of actions service limit state, where one of the variableaxihas its
characteristic value.
frequent combination Combination of permanent and variable actions sestudying a

of actions service limit state, where one of the variableagihas its
frequent value.
guasi-permanent Combination of permanent and variable actions fsestudying a

combination of actions service limit state, where all the variable actibase their quasi-
permanent value.

strength Property of a material indicating its ability tsig mechanical
actions.
note it is usually given in units of stress.

characteristic value of & specified fractile of the statistical distributi@f the material

material property property in the supply produced within the scopéhefrelevant
material standard
conversion factor, Factor (or function) which converts properties aled from test

conversion function  specimens to properties corresponding to the adsumspnade in
calculation models.
design value of a Value obtained

material property - either by dividing the characteristic value byaatial factoryy,



28 @her 2 — General framework

- or by direct determination.
geometrical Deviations from the intended geometry of a struetura structural
imperfections component

characteristic value of & he characteristic value of a geometrical quamityesponds to

geometrical quantity

design value of a
geometrical quantity

resistance

design resistance
effects of actions
(or action effects)

structural analysis

structural model

calculation model

damage

deterioration

deterioration model

- usually the dimension specified in the design

- where relevant, a prescribed fractile of theistiatl distribution
of the quantity.

The design value of a geometrical quantity corradgdo

- usually a nominal value

- where relevant, a prescribed fractile of theistiatl distribution
of the quantity.

Note the design value of a geometrical property isegalty equal to the
characteristic value. However, it may differ in essvhere the limit state under
consideration is very sensitive to the value ofgaemetrical property, for
example when considering the effect of geometiogkrfections on buckling.
In such cases, the design value will normally beldished as a value specified
directly, for example in an appropriate European8ard or Pre-standard.
Alternatively, it can be established on a statétimasis, with a value
corresponding to a more extreme fractile (i.e.rarraalue) than applies to the
characteristic value.

Capacity of a structural element or a cross-sedafanstructural
member to withstand actions without mechanicaufail

For instance: tension resistance, bending resistdnuckling
resistance.

Value of a resistance incorpayg@iartial factors
The effects of actions (or action effects) on dtrtad elements (e.g.
internal force, moment, stress, strain) or on theles structure
(e.g. deflection, rotation).

Determination of the effectactions in a structure or part of it. A
distinction is generally made between global anglfonsidering
the whole structure), member analysis (e.g. abocilng), and
local analysis (e.g. a cross-section, a connecéiaveld).

An idealisation of the structursed for the purposes of analysis,
design and verification.

A simplified description of a physical reality, &able for
calculation.
For instance: model for actions, structural analysodel,
behaviour model.

Unfavourable change in the condition ofucitre that may affect
structural performance
A process that adversely affects the structurdbpmance
including reliability over time due to:
- naturally occurring chemical, physical or biolcgji actions
- normal or severe environmental actions
- repeated actions such as those causing fatigue
- wear due to use
- improper operation and maintenance of the stractu

A mathematical model that dbserstructural performance as a
function of time taking deterioration into account
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inspection On-site non-destructive examinationstalgish the present
condition of a structure.

investigation Collection and evaluation of inforioatthrough inspection,
document search, load testing and other testing.

load testing Test of the structure (or part obit)loading to evaluate its
behaviour or properties, or to predict its loadrimgacapacity

material properties Mechanical, physical or chefhpeaperties of structural materials

monitoring Frequent or continuous, normally long¥teobservation or

measurement of structural conditions or actions.

repair (of a structure)  Improvement of the conditad a structure by restoring or
replacing existing components that have been dasinage

safety plan Plan specifying the performance objestithe scenarios to be
considered for the structure, and all present ahdd measures
(design, construction, or operation, - e.g. momtrto ensure the
safety of the structure.

structural performance A qualitative or quantitatrepresentation of the behaviour of a
structure (e.g. load bearing capacity, stiffnes) e terms of its
safety and serviceability.

upgrading Modifications to an existing structurertgrove its structural
performance.
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CHAPTER 3
PROCEDURES FOR THE ASSESSMENT OF EXISTING STRUCTURES

Vladislava Navarov&

’SPSS(eské Budjovice, Czech Republic

Summary

This chapter deals with the general requirements assessment procedures for
existing structures, based on the principles aodlélty of structures and the consequences of
faults and failures.

1 INTRODUCTION

An assessment of existing structures should bedbase EN standards. These
standards, however, aren’t always sufficiently exa and operational.

That is the reason why ISO 13822 has been suppteohéy several aannexes, which
provide particular steps of assessment of exisstwctures. In general this standard
recommends that the load-bearing capacity of pdaticsupporting members be specified,
taking into account actual loads and material pitge including the influence of structural
degradation.

The following circumstances can lead to startingsdessment:

» Degradation of a structure — faults and defect® lzgopeared in the object
* Change in use

» Extension of the working life of existing structare

» Changes of an object, leading to a change inde |

* Required check of working life

» Extraordinary load of existing structures
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2 HIERACHY OF TERMS
Annex A
{informative)

Hierarchy of terms

Document search
Investigation —Elnspection
’7 Testing

Assessment

Structural analysis

Verification

— Maintenance
L— Rehabilitation _[
— Demolition

Repair

Construction Upgrading

— Interventions
— Maintenance
Operation ——— Monitoring

L— Change in use

assessment

Set of activities performed in order to verify tredability of an existing structure for future
investigation

Collection and evaluation of information througtspection, document search, load testing
and other testing

inspection

On-site non-destructive examination to establighpesent condition of the structure

testing

Tests of material qualities or load testing

analysis

Determining the effects of actions on a structdetermining the causes of observed damage
or irregular behaviour

verification

The establishment of a target level of reliabityhe level for securing acceptable safety and
reliability

measure

Changes proposed to secure a desired level ofysafdtreliability of a structure

maintenance

Routine intervention to preserve appropriate stmattperformance

rehabilitation

Work required to repair, and possibly upgrade,»astieg structure
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repair (of a structure)

Improve the condition of a structure by restoringeplacing existing components that have
been

damaged

upgrading

Modifications to an existing structure to improt® structural performance

demolition

Work needed to remove an existing structure

monitoring

Frequent or continuous, normally long-term, obsiowa or measurement of structural
conditions or actions

change in method of use

Requirements for the change in the method of ussa@xisting structure which will secure a
desired level of safety and reliability of theustiure

3 ASSESSMENT PROCEDURE ACCORDING TOCSN ISO 13822
3.1 ENTRY DATA

Before the starts assessment of existing structueeBave to obtain entry data from a client.

From this data we specify the objective of the sss®nt of an existing structure. The

objective of the assessment of an existing straatan be as follows:

- to assess the possibility of a change in usereijses ( for example change of attic
into a flat)

- to assess the reliability of an existing struetur case of a change in the static model
of structures ( for example floor additions)

- to assess the reliability of an existing struetwith respect to its degradation (the
defects and faults of a structure)

- to assess the reliability of a structure withpexs to its damage by extraordinary
loading

On the basis of preliminary architectural and dtrtad design, we establish the scope of
change of structural conditions or scope changd. lvde assess the possible scenarios of
functioniong of existing structures with the inctus of the influence of change load change,
static model of existing structures and changeberrigidity of an existing structure.

3.2 PRELIMINARY ASSESSMENT
3.2.1 INVESTIGATION

a) DOCUMENTS SEARCH AND STUDY
We perform an examination of the documents andsass& completeness, concerning both
extent and accuracy. Next we try to secure alllalbbs data on existing structures:
- the history of structural interventions to thesting object and existing structures,
especiallythe weakening of existing structures and the decreaseigidty of a

property
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b)

the history of structural interventions to neighking objekts, provided they have an
influence on the investigated objekt

significant effects of the environment on exigtstructures, such as the extraordinary
load as ea fire, flood etc.

PRELIMINARY INSPECTION
For an verifikation the real structural state ®iséng structures and for documenting

the faults and defects we perform a preliminarp@tsion of the object [1]. The inspection is
performed with using simple testing and measurietghods.

e - E e
Figural. - Photqgraf structural changes

At an inspection we collect information about the eal state of existing structures:

1.

abhwn

o

the actual dimensions of particular existingidires and the actual dimensions of
follow-up structural compositions. Measurement bk tactual dimensions is a
prerequisite for:
- the determination of the real data of charadiensermanent loading actions

(for the procedure for determining tlegeke of permanent loading actions, see
Chapter 4)
- the determination of the real dimensions of ta&dibearing members of the
existing structure
the technical solution of details of existing strues

the actual load area of existing structures
the static model of particular existing struetur
the fulfillment of structural principles valioff existing structures

the conformity of the original project documera with the actual state of existing
structures

the materials used for existing structures



34 Chapter 3 — Prosedures for the assessment of existing structures

7. the surface characteristics of existing strgtury means of visual observation and
with the help of preliminary surface testing

During the inspection we document data on the failtes of existing structures, such as
surface charakteristics

visible deformations

stability loss

cracks on existing structures — widths and padte

corrosion and spalling

biological actions

changes in the surface characteristics of exjsiructures

While performed the preliminary inspection we phdtzument the state of existing
structures. During the preliminary inspection we @pply plaster strips and other simply
tools for monitoring failures.

NookrwhE

The result of a preliminary inspection is

1. adescription of the actual conditions of arsemg structure including the dimensions,
surface characteristics and statik model

2. aquality classification of an existing struet@ccording to the condition and the degree
of damage

C) PRELIMINARY INSPECTION OF MASONRY STRUCTURES

By preliminari inspection we search surface chanmgaterials degradation and the
cracks. An occurence of defects and cracks in mgssiructures indicates a deterioration in
structural capacity. We record and document anybleisdefects during the preliminary
inspection. With masonry, we distinguish betweeuacstiral and non-structural defects [2].

Structural defects are caused by statik load thenteally have a dynamic element.
Most often they become evident as deformationgksracrushing and local damage.

Non-structural defects are caused by environmeatdions, such as increased
humidity, temperature, chemical or biological aco

Cracks in masonry structures can be classifiedrdowy to the following criteria:

- causes of crack occurence

- scope of deformations to masonry structure

- location of cracks in relation to the masonrynedats

- position and shape of cracks - straight, crankedical, horizontal or diagonal

- length and width of cracks

- type of masonry and structure

The inspection has to conclude from the shapetitotand direction of the cracks
whether the cracks are tensile, pressurized ordsigd Masonry damage often occurs as a
result of temperature fluctuations and the conseigaecurence of volume changes or as a
result of humidity in the environment.

By inspection it is appropriatte to record acteralck pattern and deformations and to
find the dependence between the cracks and changésor levels.
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Figura 2 - Photograph of failures in the masonry

During a preliminary inspection we deduce the ptaisand mechanical properties of
the masonry from surface properties, a visual icispe or with the help of simple tools. The
strenght of the masonry depends on to:

- the strenght of the bricks pressure and tensiiomensions of the bricks
- the strenght of the mortar pressure and tensiath of mortar
- technology of implementation masonry, the infleerof the mortar consistency and
the absorptivity of the bricks
- applied bricklaying
- afaults resulting from design documents
- afaults resulting from applied bricklaying techrgy
a faults resulting from the use of the object

d) PRELIMINARY INSPECTION OF TIMBER STRUCTU RES

Timber bearing structures can have, under nornrauistances, a shorter working
life than other structures. During an inspectiontiaiber structures we observe material
charakteristics, structural model and actual dinwegrssof elements and the possible actions of
wood-decaying fungi or wood-destroying insects. [3]

The most common causes of defects of timber strestare as follows:
- rainwater running into the structure and consatu®od decay
- increased humidity in the environment
- over limit loads
- damage of timber mass caused by wood-decayirguiiar wood-destroying agents
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The most common defects of timber structures afelkasvs:
- over limit deformation of elements
- cracks in the wooden element
- damage due to pressure on the wooden element
- damage of timber structure caused by fungi, itssecrot

During an inspection of a timber structure, we pagpecial attention to the surface
structure of the timber, its structure under théage, the dimensions of the timber element,
the depth of the timber damage and its extent laadize of the deformation of elements.

Figura 3 - Photograph of an exam[ﬁwddest oyihg insect action

The condition of the timber structures in the liglitany damage is assessed by a
visual inspection, by tapping on the timber elemami by spading into the timber. Precise
confirmation of the presence of wood-decaying funrgnsects is carried out by a specialized
mycologist during a detailed inspection.

During a preliminary inspection, the physical andcimanical properties of the timber
are deduced from surface properties through a Visgpection or with the help of simple
tools.

e) PRELIMINARY INSPECTION OF STEEL STRUCTURES

During a preliminary inspection of a steel struetwe observe deformations and
transformations, structural patterns, the actuadedisions of elements and the occurence of
corrosion. Next we observe the design and the sihtine links within steel structures,
including binders and the condition of the beasredds of a steel structure.
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The most common causes of defects of timber strestare as follows:
- excessive humidity
- aggressive environment
- over limit loads
- faults in design documents — insufficient dimensiof elements

The most common defects of steel structures are:
- over limit deformation of elements
- loss of stability by buckling and tilting
- weakening of steel by corrosion
- failure of joits and welds

During an inspection of a steel structure, speaté¢ntion is paid to the surface
structure of the steel, the extent of the corrgsibba dimensions of the steel element, the state
of the joits and the condition of the bearing weddisl jag bolts and the level of deformation
of the steel elements.

The condition of the steel elements is judged figst visual inspection. If there is no
reason for doubt, the level of strength is presufma information contained in the original
documentation, from historical records classifythg material used, and from corresponding
data, visual inspection and information derivedrfran examination of surface rigidity.

The defect situation of the steel structure is tth@cumented.

f) PRELIMINARY INSPECTION OF REINFORCED CONCRETE
STRUCTURES

Reinforced concrete structures are noted for tloeig working life. Working life
can be reduced due to design document faultsj4é:.g.

- insufficient tensile bar

- insufficient web reinforcement

- insufficient surface layer of reinforcement

- insufficient length of bearing members

Working life can also be reduced due to technologstakes, e.g.
- implementation at low or minus temperatures
- incorrect positioning of reinforced
- failures cover
- unsufficient concrete processing
- improper care after placement

The working life of reinforced concrete structucas also be reduced by
- excessive humidity
- aggressive environment
- extreme temperatures
- loads that exceed the maximum acceptable limits
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Figura 4 - Photograph of degradation of a reinfdrocencrete armature.

The most common defects of reinforced concretestras are:
- armature corrosion and subsequent unreliabifigy structure
- excessive deformation and transformation of elgme
- tension cracks
- skidding cracks
- pressure cracks

During an inspection of a reinforced concrete stn&; special attention is paid to the
surface structure of the concrete, the extent ofosmn, the dimensions of the reinforced
concrete element, the location and size of crankstlae extent of transformation of particular
elements.

The condition of reinforced concrete elements dg@d first by a visual inspection. If
there is no reason for doubt, the level of rigidgypresumed from information contained in
the original documentation, from historical recomassifying the material used, and from
corresponding data, visual inspection and inforamatlerived from an examination of surface
rigidity.

The defect situation of the reinforced concretecitire is then documented.

If there is no reason for doubt, the level of riids presumed from information
contained in the original documentation, from hist records classifying the material used,
and from corresponding data, visual inspectioniaf@mation derived from an examination
of surface rigidity.

The defect situation of the reinforced concretecttre is then documented.
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3.2.2 ANALYSIS

As the standard recommends, the load capacity ef kibaring members and
structures should be specified with respect toattteal load, including the influence of real
degradation of an existing structure.

The first stage is to carry out a classificatioranfexisting structure in relation to the
status and extent of the damage.

We classify as serious all the faults and defebt fundamentally affect the
reliability of an existing structure as a whole. iMg they are active (i.e. still developing)
faults and defects which gradually evolve and shrea

We classify as less serious all the faults andatefehich are found locally and do
not fundamentally affect the reliability of exiggistructures as a whole.

When classifying faults, various criteria can besdus With regard to their
seriousness they can be classified as:

a. Minor faults and defects — lesser faults an@atefwhich do not affect the
reliability of an existing structure, those faudisd defects which are structurally unimportant,
those which are of an aesthetic only, and whosairewuld have no effect on the reliability
of the structure.

b. Major faults and defects — faults and defectglwhave a high probability
of leading to the collapse of an existing structureincreasing the reliability of an existing
structure, faults and defects which are static igpad and which require timely intervention.

C. Critical faults and defects —called emergenayit$aand defects — those
which can be hazardous to people inside or neasttineture and which require immediate
intervention.

Next, the structural models of particular partaaonstruction are specified, and we
describe the causes of observed faults and defecthie reasons for abnormal behaviour.
When repair work is not sufficient, the cause foe tfault must be found and measures
proposed which will eliminate the cause [5].

Ways of detecting the causes of faults:

- checking structural members and elements, i@pewing existing structures and their
real state with original specifications.

- visual inspection of faults

- inspection of faults with simple tools

- partial removal of surface layers

- deep boring of an examined element

- load testing

- local or band probes

- observation of changes in time
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Figura 5 - Photograph of documenting faults

Ways of observing changes over time:

- with the help of plaster indicators — strips e@nm width, on which the start date is
recorded and later the dates of follow-up checks

- with the help of a numeric gauge — two groundspane positioned at the edges of a
crack and their respective drift is measured

- with the help of a deformemeter — a structureigged up with discs, whereby any
motion is recorded

- with the help of surveying tools

3.2.3 PRELIMINARY VERIFICATION OF A STRUCTUR E

The preliminary assessment is an assessment oéltability and level of public safety
of an existing structure with respect to recordathd

According to the ISO standard, an earlier levehafeptable behaviour pertaining to an
existing structure under examination can be usea starting point. Structures designed and
executed according to earlier valid standards eareparded as reliable for all kinds of load,
except when there is an extraordinary case of ilodlge following circumstances:

- no critical or major faults and defects are doeuatad during the inspection

- acceptable conduct of the structure over a safftty long period is recorded

- no changes in load of the existing structure uintpection are predicted

- basic transfer of load and tension is secured
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Based on a preliminary inspection, the followingtated:

LOAD:
a) actual weight, bulk density, permanent load
- The characteristic value of the actual weighammfexisting structure can be determined
by data taken from the preliminary inspection ustagistical methods.
- The bulk density of particular layers can be dateed from the median value of bulk
density. In other cases the standard for determiloiad is followed.
- The characteristic value of the permanent loguhogity is determined by an estimate
of the average, and by an estimate of the divesyéom the average. The ISO standard
recommends taking at least five samples.
b) utility load
- For the characteristic values of the utility loafdexisting structures, see the chart for
standards of load in structural engineering, adgogrtb category A-K.
- The characteristic value of load by relocatalddipon walls can be generally seen as
an addition to utility load, on condition that thead distribution is secured and the
actual weight of the partition is less than 3,0kN/rine partition weight itself is less
than 1,0kN/m — addition 0,5kNAnthe partition weight itself is 1,0 — 2,0kN/m —
addition 0,8kN/rf; the partition weight itself is 2,0 — 3,0kN/m —ditibn 1,2kN/nf).
c) Snow load
- When assessing existing structures, certain pnadlcan occur as a result of the more
restrictive standard for snow load.
- Provided an existing structure does not complthwhe tightened requirements for
snow load, the structures can be strenghtenedhearetiability of the existing structure
can be conditioned, by removing snow when a ceftaight of snow is reached.
d) Wind load
- The wind load of existing structures is deterrdig valid EN standards.

MATERIAL PROPERTIES:
- It is essential to take into account the actuatemal properties which are determined
or checked by the inspection of existing structurédghen determining material
properties the influence of the degradation mugaken into account.

DIMENSIONS:
- The dimensions of an existing structure are giwerihe designs and provided by
inspection and measuring.

Provided that the particular elements of load astig structure are given, as well as
its material properties and dimensions, an assedsofighe reliability of a structure for an
ultimate limit states.We perform for these limiatets combinations of load according to
partial factors in the valid EN standards.

3.2.4 DECISION ON IMMEDIATE MEASURE
Provided a preliminary inspection or check indisateat a structure is in a dangerous
or emergency condition, an immediate decision aympt and appropriate action must be

taken in order to reduce the danger to public gafEtis decision must be reported to the
client. He/she is then obliged to intervene withdelay.

3.2.5 RECOMMENDATIONS FOR FURTHER PROCEDURE

After the preliminary check, the need for any fertpossible action is assessed:
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A) A detailed assessment is unnecessary
The preliminary check is sufficient to assess tekability of an existing structure. The
preliminary inspection or preliminary check indestthat the structure is reliable for its
intended use over its remaining working life. Inistticase, a detailed assessment is
unnecessary and it is possible to move on to reygpthe results. Based on the preliminary
inspection, a report on the results of the assassimg@roduced, including an appraisal and a
decision taken on whether an existing structusaifciently reliable or not.

B) A detailed assessment is necessary
The critical parts of an existing structure arecdpet, these being necessary for any further
assessment based on a detailed inspection of istengxstructure.

3.3 DETAILED ASSESSMENT
3.3.1. DETAILED INSPECTION

A detailed inspection is carried out with the help both destructive and non-
destructive methods. Load-bearing tests of exissingctures are also used. The extent and
nature of a detailed inspection of an existingctte depends on the particular structure and
requirements resulting from the detailed inspection

During a detailed inspection, the following stepsa be taken:

e) time-dependent inspection of structural defemtsl faults, followed by a
determination of their causes

f) measuring transformations of existing structutesng a service load

g) measuring transformations of existing structuh@sng load tests

h) sampling in order to determine material progsstisuch as the rigidity of the
material

Before the testing part of the preliminary inspacfiit is necessary to agree on the
plan and procedure of the testing with the clierd the certified testing organization which
will carry out the tests. The extent of the testsl he number of samples used must be
specified in a testing plan. During sampling, inecessary to proceed in such a way that the
safety of the existing structure is not jeopardized

During the detailed inspection, we record the peegrof the inspection, including the
date and time. The documenting of all material damy@nd the recording of the results of all
tests and measurements, is an essential part dethéed inspection.

An observation is made of the effects of the emriment and any surrounding traffic
e.g. the infuence of vibrations on the structurdeW appropriate, the impact on the structure
of environmental temperature and humidity is noted.

3.3.2. DETAILED ANALYSIS

The structural analysis carried out as part ofpiteéiminary inspection of the structure
is accompanied by an analysis of the samples, sesament of the time dependence of any
structural defects (such as cracks) and eventwaligport concerning the results of load
testing, provided these tests have been carried out

a) the assessment of samples — determinationeoimé#terial properties of the

structure

b) the assessment of the time dependence of tketdef

C) load testing results



Chapter 3 — Prosedures for the assessment of existing structures 43

It is advisable to compare the test results to ah#cipated values based on the
available documentation, and on the results ofpgheiminary checks. If there is a large
discrepancy from the anticipated result, this dipancy should be reviewed, and eventually
additional tests should be carried out.

3.3.3. DETAILED VERIFICATION

A detailed assessment is an evaluation of thehitiaof an existing structure with
respect to the documented data derived from aldétmispection of existing structures.

The assessment must result from the concept of Btates, and can be carried out
using the method of partial factors or the methafd=liability theory.

An economic and social aspect admits bigger diffees between the reliabilities of
existing and newly designed structures. Theserdiffces are implemented in the assessment
with the help of the target reliability level. Fexisting structures lower target reliability
levels can be used, provided they are justifietherbasis of socio-economic aspects.

The partial factors, which are listed in currerinstards, can be, in the case of existing
structures, modified according to the results efitispection and the tests (see annex).

Examples of target reliability levels are giventhe following chart. A particular
procedure for determining the target reliabilitwde and thereby determining the partial
factors is given in the annex of this manual.

Table F.1 — lllustrations of target reliability level (1S013822 )

Limit states Target reliability index Referenmeriod
serviceability
reversible 0.0 intented remaining
working life
irreversible 15 intented remaining
working life
fatigue
can be inspected 2.3 intented remaining
working life
cannot be inspected 3,1 '“ter?ted remaining
working life
Ultimate
:c/aei:fzrfw consequence of 23 Lsin years?
low consequence of failure 3.1 Lsin years®
][n_edlum consequence of 38 Lsin years?
ailure
high consequence of failure 4.3 Lsin years®

3.4. ASSESSMENT RESULTS

The results of the assessment of an existingtstel will be clearly described in a
report on the results of the assessment of théimxistructure. Detailed contents of the report
on the results of the assessment of existing streEtare given in the annex.
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The outcomes of the assessment should clearly idestite state of the existing
structure in view of reliability and safety. In thenclusion, those elements which are
satisfactory and those are not should be cleadgrimed. Next it is necessary to determine
the conditions for the use of the structure andswon up the proposed structural and
operational measures. The conclusion should alsarlgl define the eventual discrepancy
between the results of the structural assessmenth@nactual condition of the structure, e.g.
the fact that although the assessment indicatissniot safe, the structure actually does not
reveal any defects.

The safety and serviceability of the structure miustevaluated at the end of the
assessment.

a) Safety assessment ( according to ISO 13822)

If the structures were designed and executed aicgptd standards that were valid
earlier, and even if the standards derived fromet{proven structural experience were not
used, it is assumed that they are safe for alliofdload-bearing, except for extraordinary
actions (including seismic) on the condition that:

— thorough inspection does not find any signs ofifigant damage, overloading
or degradation;

— the structural system is assessed, including afitdetails and their assessment
in view of tension transfer;

—  the structure shows satisfactory behaviour durirsgificiently long period of
time, in the course of which unfavourable actiorcured due to usage and
environmental effects;

— the estimate of the degradation, when the curraate sand planned
maintenance are considered, secures a sufficieability;

— after a sufficiently long period of time, no chaagehich could significantly
increase the load occur, and neither are any sumhges expected.

b) Serviceability assessment (according to ISO 2382

If the structures were designed and executed aicgptd standards that were valid
earlier, and even if the standards derived frome{proven structural experience were not
used, it is assumed that they are safe for alliofdload-bearing, except for extraordinary
actions (including seismic) on the condition that:

— thorough inspection does not find any signsigifiScant damage, overloading
or degradation;

— the structure shows satisfactory behaviour duarsufficiently long period of
time, in view of damage, overloading, degradaticamsformation or vibration;

— no changes occur in the structure or its usagehwtoald significantly change
its load-bearing capacity, including environmeraeations on the structure or any
part thereof; and an expected course of degradateiarmined with respect to the
current condition and planned maintenance, doefenpardize the working life of
the structure.

A proposal of structural measures to be taken,udiliaation plan, is part of the report
on the results of the assessment of the existingtste.

Structural measures can be proposed, such as Irtadn, repair, upgrading and
demolition. A detailed description of the propos#dictural measures on existing structures,
having been drawn up on the basis of the foregasgpssment, is part of the report. The
design documentation of the proposed structuralsarea is not part of this report, it is part
of the next level of documentation.
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A utilization plan can be proposed as a subsequenitoring of an existing structure,
or as requirements for a change (reduction) ofaipmaral, eventually climatic, actions — i.e. a
change in usage of the structure.

The report on the results of the assessment oéxtisting structure serves as a basis
for a decision on the part of the client regardungher actions related to the assessed existing
structure. In the case of a client who does take@propriate course of action in order to
secure the safety of the general public — for exarapan emergency situation of the existing
structure — the author of the report can (in spati€ases must) inform the authorities.

4. THE STRUCTURE OF THE REPORT

For a model report see the annex C. Basic struofusieeport according to ISO 13822

1 Titler page

The following items should be included: title, datBent and author (full name and address
of the civil engineer or the company).

2 Name of the engineer and/or firm

The names of the persons who carried out the amsesslong with the names of the client
representatives and other participants.

3 Summary

The problem is summed up clearly and briefly in @néwo pages, important parts of the
inspection are stated along with the main conchssiand recommendations, including all
important objections and/or rejections.

4 Table of contents

The following items should be included:

a) scope of the assessment;

b) description of the structure;

c) investigation;

— reviewed documents,

— inspection items,

— procedures of sampling and testing,

— test results;

d) analysis;

e) verification;

f) data analysis;

g) review of intervention options;

h) conclusions and recommendations;

i) reference documents and literature;

J) annexes.

CONCLUDING REMAKS

When carrying out the evaluation of existing stowes, despite all the care taken in
the preliminary investigation avoided uncertainti@®ese uncertainties in the assessment
must then specify the detailed investigation.

Details of these procedures are clearly describddlmstrated in the standard ISO
13,822. This standard 1SO 13822 is not in convlith CSN 730038, standard ISO 13822
complements the CSN 730038 with other criterih amformation
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CHAPTER 4: METHOD FOR ASSESSMENT OF BUILDINGS —
PARTIAL FACTOR METHOD

Roman Gottfried?

1Secondary Technical School of Civil Engineerings8lova 2(eské Budjovice

Summary

Existing structures have often been designed ubmgnethod of allowable stresses or
safety factors. If they were designed by the primgegartial factor method, then the
procedures for the determination of characteratid design values of basic variables, load
combinations and commonly used computing modelsirdfer from current European and
international standards. The basic method of EwmodeN Eurocodes regulations as well as
international 1ISO regulations is the partial factwethod.

1 INTRODUCTION

The partial factor method for the assessment dftiexj structures, or for designing
their recovery, has its advantages, and also disadges. It is not always obvious, if it is
necessary to apply the same values of load pdatabrs and material properties as when
designing new structures. The requirements of Eutes for the design of new structures are
usually more conservative than those given in presC SN standards.

The procedures for reliability verification of sttures using the partial factor method
are described in detail IGSN EN 1990 1990 [1] and I1SO 2394 [2]. These staiglapecify
how to determine the characteristic and designeslof basic variables (load, materials,
geometrical data). They also provide rules for comitons and procedures for determining
load effects and structural resistance. The recamdet values of partial factors for load
effects and material properties were determineegdas calibrations, by comparing them
with previous standards and also by using prolslulprocedures. A certain reliability level
for structures has been assumed (in common cédeebiet span of a structure is 50 years and
the ultimate limit state is the standard valuehd teliability indexp=3,8 — the method of
determining it is not covered in this chapter)thié reliability index for an existing structure
under consideration is different from that accegadstructural design, then it is possible to
adjust the partial factors for verification of tlgisting structure. In common cases it is
recommended that the values of partial factorsgmdied according to current standards and
the characteristic values of material and geomairmperties be determined taking into
account the actual state of the existing structure.
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2 PRINCIPLES OF DESIGNING BASED ON LIMIT STATES USI NG THE
PARTIAL FACTOR METHOD
Characteristic elements confidence partial factoreombination

When using the partial factor method, it must befieel in all real design situations
that none of the limit states has been exceededn@ie and serviceability limit states). In
reliability verification the following values mube used in design calculation:

- design values of action@esign values dbad effectg
- design values ahaterial properties, dimensions etc.

2.1. Load

Design values of loaéfq are determined by multiplying the representatiati®s of
load Frep and the partial factor of logg. The representative values of load are deterniyed
multiplying the characteristic values of loBdand the (combination) coefficient

The above mentioned design values of load Fd erthbleoad combinations to be set
for different design situations for the ultimatenii state. The design value of load effeé&s,
in these combinations mustn’t exceed the desigreva the relevant resistanBg (Eq < Ry).

The characteristic values of lod€ and the representative values of load,,
mentioned above, enable to set load combinationthéserviceability limit state. Using the
load combinations determined for the serviceabilityit state, the design value of load
effects (for example deformations, cracks etcgaisulated. The design value of load effects
in these combinations must not exceed the desiyie vd relevant serviceability criteriof{
< Cy).

2.1.1 Charakteristik load values

The numerical values of characteristic |dadare generally specified:

- in the corresponding technical regulation (forample CSN EN 1990) by an
average, upper or lower limit, or possibly by a nmahvalue (no relation to any
known statistic distribution).

- in the project or by the relevant responsibleharity (for exampleCHMU) on
condition that all general provisions of the rel@veegulation are observed (for
exampleCSN EN 1990)

The principles for the determination of numericues of characteristic loads differ
for specific types of time dependent loads. From pibint of view of variability in time we
classify these basic types of loading:

- permanent G — e. g. the weight of structures, permanent egeigrof structures

etc.

- variable -Q — e. g. imposed loads on ceilings, snow, wind etc.

- accidental-A — e. g. explosions, vehicle impact etc.

2.1.1.1 Values of permanent characteristic loads

The numerical values of permanent characteristiddare presented:

- by a single valueGy — the average of values gained by measuremerheif
variability of the measure@ is small and does not significantly change dutheg
working life(the variation coefficient is not biggthan 0,1 — for determining the
characteristic value of the self-weight, which isuostantial part of total load, the
value of variation coefficient is not bigger tharD® — determination of the
variation coefficient/y is not covered in this chapter)

- by a single valu&, — an average density specifiedi8N EN 1991-1-1 (Actions
on structures - General Load - Densities, Self-\Weignd Imposed Loads on
Structures) multiplied by nominal dimensions.
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- by two values oGy int (lower) andGy sup (Upper) — the value @i is the value in
the place of quantile 0,0and the value o6y sypis in the place of quantile 0,95 in
the normal (Gauss) statistic distributi@ if the variability of measure® is not
small (i.e. the variation coefficient is bigger th@,1, or it concerns a structure
with a big sensibility to variability of).

Probability  densitygp(u)

0,4 T

037

02T

0.17 T

; = 0,05 1-0,95=0,05
Upps = —1,645 Upgs = ],645

0,0 | : t } | . —

-3,5 -2,5 -1,5 -0,5 0,5 LS 2.5 3.5

u

Figure 1: The upper and lower quantile of standadirandom quantity (in this cases)
with normal distribution.

In most cases we assume that the varialf@itg small and it will be determined as a
single value by an average from measurements arsasgle value determined &SN EN
1991-1-1.

For determination of numeric characteristic valuéspermanent load in existing
structures it is recommended to take into accobmet dctual state of a given structure
determined for example by testing.

EXAMPLE 1: see “Handbook for the Assessment of #ixgs Structures[4]. When
determining the characteristic value of concretesitg we assume that:

- the density has normal distribution,

- the average valuss determined by measurement is 16,8 kN/m3,

- the standard deviation a3 = 0,5 kN/m3, b)os = 1,8 kN/m3 (standard deviation is
calculated from the dispersiog asoc = Vo, the dispersion is a sum of products
of deviations squared in individual measurementth wine frequency of their
occurrence in [%])

Variation coefficienVg = oc/me. For a)Vg = 0,03, b)Vs = 0,10.

In the case of a) the variability is lowd = 0,03) and if the structural self-weight has no
significant influence on the structural reliabilityt is sufficient to determine a single
characteristic valu€y as an averagéx = 16,8 KN/m3,

In the case of b) the variability is highd = 0,10) and it is necessary to distinguish the
characteristic value in cases, when the structekiweight has an unfavourable influence
(Gk.sup and when a favourable onBr). In the image 2.1. we can read the value of dieant
Uoos= - 1,645 and the value of quantilgosi= +1,645

Gyinf = mG(1+ Up,05 X VG) = 16,8(1 — 1,645 x 0,1) = 14,0 KN/m3
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Gk sup= Ma(1+ Upe5 X Vg ) = 16,8(1 + 1,645 x 0,1) = 19,6 kN/m3

It shows that for higher values of variation cogéints the upper and lower value Gan
differ significantly and it is necessary to consitteem separately. This procedure, the case of
a) and b), is applicable when a sufficient numldgests has been performed.

The characteristic values of permanent loads déteahby testing can also be acquired based
on the procedure stated in the national appendix2MAto the article 4.6.3 afSN ISO
13822 [5] standard. Bases of the design of strastarAssessment of Existing Structures.
From the research results of n sam@esg,, ..., gn the characteristic value of permanent

load is determined using an averde and the standard deviati@abased on the relations:

Gk =M t ky X sg, kde mg =2gi/n a sg =Z(gi —mg)/(n-1)

Coefficientk, depends on the number of extracted samples asdrniéntioned below in the
chart NA.1. of standard [5].

Tab.1 - Coefficient valuek, for the determination of the permanent load chargstic value
based on the number of extracted samples.

number of samples nfactork, number of samples nfactork,

5 0,69 15 0,35

6 0,6 20 0,3

7 0,54 25 0,26

8 0,5 30 0,24

9 0,47 40 0,21

12 0,39 >50 0,18

For intermediate values of the faclgrsamples determined by linear interpolation
The factork, is determined by assuming a normal distributiom@aaent load

EXAMPLE 2: See handbook “Specification of actiobg the Assessment of Existing
Structures”[6]. When determining the characteristddues of concrete density we assume
that:
- the number of testing measurements is smalh(gidase 6)
- an averageys determined based on measurement is 16,8 KN/m3
- standard deviationsg = 1,8 kN/m3 (standard deviation is calculated from
dispersiorss asse= \sg)
k, = 0,6 (from the chart NA.1 of standard [5])
Gk = 16 8+ 0,6 x 1,8 = 17,88 kN/m? in the case that self-weight of a structure has an
unfavourable influence.
Gk = 16,8- 0,6 x 1,8 = 15,72 kN/m3 in the case tihat self-weight of a structure has a
favourable influence.
This procedure is applicable when there are a smatiber of tests.

2.1.1.2 Values of variable characteristic loads
The numerical values of variable characteristic&@y are presented:
- by an upper or lower value with determined prolttéds that it will not be
exceeded during the specific reference period,
- by a nominal value that may be determined, iélavant statistical distribution is
unknown.
The numerical values of variable loads Qk are mhediin the relevant charts and
parts of Eurocode 1.
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For characteristic values of climatic loads, we alisuconsider the distribution of
extreme values during a specific reference perild thie probability of 0,02 being exceeded
during one year. This equals an average returmgef 50 years for the time dependent part
of the load.

2.1.1.3 Values of accidental loads
The numerical values of accidental loads are detexindirectly in the design values
Ad for the specific project.

2.1.2 Representative values of actions

The representative values of actions Frep aremeted by the characteristic valte
multiplied by the combination coefficient. Generally, we assumg.p, = v Fv. The
coefficienty acquires values of 1,0 @b, y1, Or y2. These coefficients express a decrease in
the probability of exceeding the design values aifoas for several variable actions at the
same time.

For permanent actions the coefficigntis considered with the value of 1,0. It is
possible to assume:

Gk=Grep (4.1)

For variable loads we consider the coefficignivith a value of 1,0 oo, w1, Or wo.
Individual coefficients i = 1,0,wo, w1, Or ) are given for individual load combinations (see
below — load combinations for the ultimate limatst and the serviceability limit state).
Generally, it is possible to assume:
Qrep = (wo, 1,01 y2) X Q. 5 (4.2)
Values foryg, w1.0r y, are provided itCSN EN 1990 — see Table 2

Table 2 - Recommended values @ffactors for buildings

Action U [/ 17/

Imposed loads in buildings, category (see EN 199[-1
Category A : domestic, residential areas 0,7 05 0.3
Category B : office areas 0,7 0.5 0.3
Category C : congregation areas 0.7 0.7 0.6
Category D : shopping areas 0,7 0.7 0.6
Category E : storage areas 1,0 0.9 0.8
Category F : traffic area,

vehicle weighkt30kN 0,7 0,7 0,6
Category G : traffic area,

30kN < vehicle weightL60kN 0,7 0,5 0,3
Category H : roofs 0 0 0
Snow loads on buildings (see EN 1991-1-3)*
Finland, Iceland, Norway, Sweden 0,70 0,50 0,20
Remainder of CEN Member States, for sites 0,70 0,50 0,20
located at altitude H > 1000 m a.s.l.
Remainder of CEN Member States, for sites 0,50 0,20 0
located at altitude & 1000 m a.s.l.
Wind loads on buildings (see EN 1991-1-4 0,6 0,2 0
Temperature (non-fire) in buildings (see EN 0,6 0,5 0
1991-1-5)
NOTE They values may be set by the National annex.
* For countries not mentioned below, see relevacdllconditions.
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2.1.3 Design values of actions
Design values of actiorf; are determined by the representative values afredt e,
multiplied by the partial coefficient of actiops

Generally, it is possible to staf@=Frepyr. (4.3)
Design values of actions are determined by theioelst

Gy =yr Gk for permanent loadsH can be expressed in this equation@s (4.4)

Qu =vr w Q for variable loadsyt can be expressed in this equationg@s (4.5)

A4 = always determined by a value for a specificgubj

2.1.4 Design values of load effects
Design values of load effects Ed are usually pregittom a simplified relation:
Ea =E{yri Frepiad}, 121 4.8)
aq Is the design value of geometric data
Frepi IS the representative value of action (see above)
ye IS the value of the partial factor (see below)

2.1.5. Partial factors of actiongr

The partial load factof: takes into account:

- unfavourable deviations of action

- inaccuracies of the actions model

- the uncertainties of load effects determinatigangrally, load effects also depend

on material properties — e. g. statically indeérstructures).

The partial load factoyr is determined as the product of the model uncextdactor
yeq and the partial load factor.
YF = YEd Yt (4.7)
veq IS the model uncertainty factor, which takes icomsideration model uncertainties of load
effects and in some cases uncertainties of loacctaod
¢ is the partial load factor, which takes into coesation possible unfavourable deviations of
load values from the representative values.

The values of partial load factoysin limit states of load-bearing capacity, regagdin
material damage, are consider based on recommendatiSN EN 1990 as:
- a permanent load with a favourable effegt.f): yr = 0,875, yeq = 1,20, y~ 1,00
- a permanent load with an unfavourable effegfp: y = 1,125, yea = 1,20, y»=1,35
- a variable loadyGin): yr = 1,350, yeq = 1,10, y=1,50

2.1.6 Load combinations for load-bearing capacityimit states

2.1.6.1. combinations for permanent and temporary esign situations

(EQU) The limit state is used for an assessment o$tiec balance of a structure as a
whole. We consider the possibility of e. g. tiljreinking, emergence of a structure etc. The
following condition must be verified for this limstate:
Ed,dstf Ed,std (4-8)
Eq 4stiS the design value of a destabilizing load effect
Eq swis the design value of a stabilizing load effect

The strength of structural materials or the fourmhesoil are not usually decisive.
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Load effectded in a combination for the limit staEEQU can be expressed:
_Z:lyG,jc;k,jll_+-Il yP P"+" yQ,l(?k,lll-+-Il Z:lyQ,il//O,iQk,i (49)
iz >

ve;= 1,1 if the permanent load has an unfavourableceffdestabilizing)yc;= 0,9 if the
permanent load has a favourable effect (stabil)zing

vo.1 (7o) = 1,5 if the variable load has an unfavourabfeatf(destabilizing) yo,1(yq,) = O if
the variable load has a favourable effect (stahiljy

P (yp) denotes the load prestress

(STR) The limit state is used for verifying the meclwahiresistance of load-bearing
structures and elements, when the geotechnicalisoaot taken into account. It is usually the
limit state associated with achieving the strudtaraterial strength (the concrete strength, the
slip limit of reinforcement, the timber strengthc.gt It monitors the inner failure of a
structure, or of load-bearing elements.

(GEO) The limit state is used for designing load-begrhements, which involves a
geotechnical load (bases, posts, underground wall¥ It considers a possible failure of the
foundation soil in sites where the soil firmnessto rock foundation are important for the
load capacity.

The following condition must be verified for thdsuait states:

Eq<Ry (4.10)
Eq is the design value of load effect (inner strengtbmentum etc.)

Rd is the design value of relevant load capacity

Load effectdy in a combination for the limit sta&TR and/orGEO can be expressed:

_Z:lyG,jc;k,jll-+-Il yP P"+" yQ,l(?k,lll-+-Il Z:lyQ,il//O,iQk,i (411)

j= i>

Or alternatively, as a less favourable combinafiiom the following two expressions:
ZlyG,in,j"_Pl VoP "+ Vo 01 Qci " ZlyQ,il//o,iQk,i (4.11a)
jz >
Zlé(ye,ij,j""'" Ve P +" yQ,le,l"+" ZlyQ,in,iQk,i (4- 11b)
j= i>

yej= 1,35 if the permanent load has an unfavouraliéeejs = 1,0 if the permanent load has
a favourable effect

ya1 (o,)= 1,5 if the variable load has an unfavourablecffq 1 (7o) = O if the variable load
has a favourable effect

¢ = 0,85 (reduction coefficient for unfavourablepanent loads)

P (yp) denotes the load prestress

When assessing existing structures it is convenggbnsistently use the alternative
expressions (4.11a) and (4.11b) of combination$&TdR andGEOQO. The use of the reduction
coefficient for unfavourable permanent loddsr the use of the combination coefficients;

a yo, often approximates the load values consideredaindard frame§€ SN EN to original
loads.

EXAMPLE 3: Determination of partial factors of loagfor individual loads in combinations
for the limit states EQU and STR on the beam witloaerhanging end.
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q1 q> lG
g1 g2
\
> = -
@ (c) AT (b) (d)
B

Figure 2: Beam with overhangsassuming three independent permanent lgads,G and
two independent variables loagls gp.

q1 q> lG
g1 &2
\
y e -
@ (c) AT (b) (d)
B

Figure 3: Beam with overhangsa decisive combination for determining the maximum
reaction B and extreme bending momentum at po{EQlJ, STR).yg1= 1,35, yg2= 1,35, yc
= 1135) )’qlz 1)5! Vq2: 115

Figure 4: Beam with overhangs decisive combination for determining the statitabce
(reaction A) (EQU)y¢1=0,9, 74==1,1, y6= 1,1, yq1= 0,0, yq2= 1,5
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Figure 5: Beam with overhangs decisive combination for determining the extrdraeding
momentum in the field (point c) (STR)}=1,35, y4>=1,0, yc=1,0, yq1= 1,5, y42= 0,0

2.1.6.2. Combinations for exceptional, seismic arfdtigue design situations
Expressions for exceptional, seismic and fatigusigte situations are described
in CSN EN 1990

2.1.7. Load combinations for limit states of servigability

The following condition must be verified in thesmntbinations:
Eqa<Cq4 (4.12)
Eq is the design value of load effect stated in theviseability criterion and defined by the
relevant combination.
Cq is the design value of the relevant serviceabditierion.

Load combinations for the limit states of servidkgbare to be considered in the
corresponding design situations.

A characteristic combination is usually used foeversible serviceability limit states and can
be expressed:

ZGk,j P Qk,l"+" ig:lwo’i Qk,i (413)

j=1

A frequent combination is usually used for revdesiberviceability limit states and can be
expressed:

2 Gk,i P wl,le,l "+ Z:lwz,iQk,i (4.14)

j=1

A quasi-permanent combination is usually used dagiterm effects and the appearance of a
structure and can be expressed:

3G, "+ P IUQ, (4.15)

j=1

Note: In the limit states of serviceability, we sater the load without partial factors of load
ve (/e Y Vp)-
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2.2 Material properties
Design values of material properti®g are determined by characteristic values of
material propertieXy from the relation
Xa = Xidym (4.16)
ym IS the partial coefficient of material reliabylit
Based on the design values of material propertesan express the design resistance
of materialsRy using the following simplified relation
Ry ={ Xuilymi; ad} i>1 4.17)
a4 is the design value of geometric data

2.2.1. Characteristic values of material properties

The characteristic values of material properties derived from tests. For their
derivation we must consider:

- the test data dispersion

- the statistic uncertainty based on the numbeesif

- the a priori statistic knowledge

The numerical characteristic values of materialppries (e. g. strength) can be
acquired from the following relation based on thember of measurements (tests) and the
normal statistical distribution

Xy = my(1-ky Vi) (4.18)

k. is thevalue determined based on the number of measursifiests) for \x unknown*
or,,Vx known “

Tab.3- The numerical valukn for the 5% characteristic value is shown in tharth

N 1 2 3 4 5 6 8 10 | 20| 30 |w

V, known 231|201 189 183 1,8 1,77 14 1,72 1,687 | 1,64

V, unknown 3,37, 2,63 2,38 2,18 2 1,92 176 17341

V, is the variation coefficient that can be markediost cases ad/y unknown®. This means
that the value of this coefficient is not knownadvance from previous tests carried out in
comparable situations. The coefficient value is e calculated from the available
measurements using the following expression

Vy = sdmy (4.19)
my is an average from the available measurements
s, is the standard deviation expressed Vs, (4.20)

s, is the dispersion of a given measurement filemeined bys, =ﬁ2(xi -m)"  (4.21)
X Is the value of a single measurement

EXAMPLE 4: See handbook — Material Properties DeterminationEasting Structures
Assessment7].

The determination of the characteristic valgeof concrete strength under pressure based on
measurement results. The characteristic valuerefgth is defined as the 5% lower quantile
fek = feo,0s The number of measurements n = 24 (34.0, 30.22,235.9, 29.5, 33.3, 34.0,
26.5, 29.8, 29.4, 45.8, 30.3, 32.7, 32.8,1282.6, 29.6, 21.7, 33.5, 36.4, 35.3, 32.7
33.8, 22.3 MPa). An average based on these measotem, = 30,80 MPa. A standard
deviation of a given measurement fig= 5,281 MPa. The variation coefficievi = Sc/my

= 5,281/30,80 = 0,1714. The coefficient vakge= 1,749 is determined using interpolation
from chart 3 for unknownVy (the variation coefficient is not known from mapyevious
measurements — we know only the variation coefiicisom our measurement file).

fok = Mee(1-kn Vi) = 30,80(1-1,749 x 0,1714) = 21,6 MPa
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2.2.2. Design values of material properties
The design values of material properfigsare determined by the characteristic values
of material propertieXyx based on the relation

Xa = Xidym (4.22)

2.2.3. Design values of material resistance

Using the design values of material properties are express the design resistance of
materialsRy based on the following simplified relation
Ry ={X«ilym,; aq i>1 4.23)

ad is the design value of geometric data (the adtmienensions used for calculating
the cross-section characteristics — the surface, dioss-section module, the inertia
momentum etc. or for determining the load effeci®)ese values can be expressed by
nominal values.

2.2.3. Partial factors of material
ym IS the partial factor of material reliability. msimplified way we can express it as:
IM,j = VRd Ymj (4.24)
yrd IS the partial factor that covers the uncertamtiéa resistance model including geometric
deviations.
ymj 1S the partial factor of material properties ttades into consideration:
- possible unfavourable deviatiomd material properties from the characteristic
value
- the random part of the conversion coefficient(the conversion coefficient
expresses the influence — of volume and dimensiwnsidity and temperature or
other parameters to be considered)
The standard framewor®SN EN recommends using the following partial factatues of
material reliabilityyw:
For concretec = 1,5
For concrete reinforcemept= 1,15
For construction steel = 1,15 (calculation examples for some cases 11345, 1.50)
For solid woody = 1,3
For glued laminated woog, = 1,25
For masonryyy = 1,15 az 3,0 (the factor value is determined dh@semasonry material and
the category performance using the chart in théomalt appendix toCSN EN 1996-1-1
standard [8])

3 CONCLUDING REMARKS

In common cases of existing structure reliabilitgrification, or designing its
reconstruction, the partial factor method is agpbecause it is possible to proceed based on
common procedures for designing new structures. édew a problem can occur with
existing structures when modelling the time depahdeaterial properties, the load properties
and the environmental impact. It is not always ohsi if it is necessary to apply the same
values of partial factors of load and material s as when designing new structures. The
requirements of the Eurocodes for load are usustiigter than they were for the previous
national standards.

The methodology of determining the partial factpresented i SN EN 1990 [1] is
systematically based on probabilistic methods diabdity theory. A detailed way of
determining the partial factor values is coveredainnexe B” of this handbook or in ISO 13
822 [5]. In the case that a direct procedure faifyiag structures using the partial factor
method fails, it is possible to verify the parfiattor values using these probabilistic methods.
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CHAPTER 5 — EXAMPLES

Vladislava Navarov&

’SPSS(eské Budjovice, Czech Republic

EXAMPLE 1 - INVESTIGATION AND EVALUATION OF PART
A CEILING STRUCTURES

Summary

Due to a fault on the existing ceiling constructaiyove the first floor was requested a
stastic evaluation of construction state of paitinge above the first floor under the the
waiting room.

The existing object was built in the years 197373 in DIY co-operative way . The
original purpose of the object was an administeatmilding . In 2009 the reconstruction of
the object was carried out to establish a dentaiicdhat is working there until today .

During an inspection of the construction site wienend faults of the top layer of the
floor - ceramic tiles. It is locally sunken, in tineiddle of the waiting room it is lengthwise
cracked . The soffit of ceiling above the firstdtowas removed. That consists of mineral
squares suspended about 150m below the bottomaédbe bearing construction. After the
removal of the soffit were discovered faults of boétom edge of the ceiling construction.

The archive project documentation of the specifiedstruction work in 2009 wasn’t
traced, and the archive documents from the peffi@dmstruction of the building do not exist.

The following report was drawn from the part of thesting ceiling.

1 REPORT
Title page: title, date, client and author

11 Introduction

Due to a fault on the existing ceiling constructaiyove the first floor was requested a
stastic evaluation of construction state of paitinge above the first floor under the the
waiting room of dental clinic.

1.2 Synopsis
The existing ceiling structure located above th& floor in the part below the waiting
room has a faults. In July 2013 was carried outdairpinary inspection of the examined
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ceiling construction. During the preliminary examation and also through inspection of
photos taken during the 2009 reconstruction, ggprgpriate technical solution of the ceiling
structure is determined as the cause of the defecolution is suggested and a detailed
inspection of the ceiling structure with the hef@grobe is recommended.

1.3 Contents

a) scope of assesment

The purpose of the evaluation is to assess thetrogtisn condition of the existing
ceiling above the first floor in the area of a wagtroom on the second floor where there are
repeated failures of the floor top layer - ceratiligs . The evaluation is required only in the
waiting room on the 2nd floor. The main requiremehtthe evaluation is to ensure safe
movement of people in a building with public access

b) description of the structures

The building was built in 1970s. In 2009, some dind modifications were carried
out, and was performed completely reconstructed.

The object is a detached building and the grouad [ a rectangle 8.9 m x 18.50 m
The object is divided into a two-storey part antthr@e-storey part. The supporting system of
the construction is combined wall . Load bearingeowalls and inner walls are made up of
the original brickwork .

The shape of the roof structure is composed ofgalded roofs at a high-level above
the 2nd and 3rd floor. The supporting system ofrtieé consists of purlinsd with full ties.

The whole building is currently used as a dentaicl The attic space is not used.

c) documents
Inspection of the building on the site on .............
Photographic documentation of construction workiedrout in 2009
The corresponding CSN EN, ISO 13822

d) preliminary inspection

There are faults in the waiting area on the 2ndrfld he top layer of the floor above
the 1st floor consists of ceramic tiles. The ceratieé are cracked lengthwise and sunken by
about 10 mm around the middle of the waiting rodinis crack and the drop floor occurs
repeatedly even if it is repaired, said the owhiar the perimeter walls the tiles are sunken
by about 20 mm. The ceramic strip on the perimatdris torn .

The ceiling construction is completed by a soffitneineral squares that is hung
under the ceiling construction by about 15 cm. Bathe mineral soffit was removed during
the inspection and the bottom edge of the ceilimgstruction in the area under the waiting
room was inspected. The supporting members of mgitwnsists of ,I* steel traverse axially
spaced by 1.2 m. Steel traverses are stored dpdbebearing walls with the free-span of 3,8
m [1]. The width of bottom flange was measured @ dhm, which corresponds to a rolled
steel I traverse 220 with the bottom flange oféin of 98 mm. Rolled steel traverses do not
show over limit deformation .

In the steel traverses there are Hurdis ceilinghsdawith straight heads . All visible
seams are filled with concrete or cement plastemfthe bottom edge. According to the
photos, the Hurdis blocks are apparently added eatitrete up to the upper edge of the steel
traverse [ fig.2]. The Hurdis blocks are partiattympleted with plaster. Below the drop tiles
near the outer wall the Hurdis blocks are sunkethénmiddle and lean against the brick wall
on the 1st floor.
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Figure 1 — photos of 05/2009, the bottom edgh®fceiling above the 1st floor

Obrazek 2 — fotodokumentace z 03/206Rladba stropu nad 1.NP



62 Chapter 5 — Examples

Where the plaster is there are visible cracks enplaster perpendicular to the ,I*
traverses. These cracks correspond to the posifitime interface between individual Hurdis
blocks .

The photos taken at the time of the building retiomain 2009 were checked.
According to available documentation the compositid the bearing part of the ceiling is as
follows:

Plaster 15 mm - only locally on about %2 of the area

Steel traverses — ,|I“ 220

Hurdis ceiling blocks - 80 mm

concrete to the upper edge of traverse - 140 mm

On this layer, according to the information frone thwner, cement screed was made
and ceramic tiles laid on an adhesive .

e) preliminary verification

el) verification of steel traverses | 220
The value of permanent actions is determined acogreb the above composition.
Given that the individual layers were not checkgdabprobe into the ceiling construction,

partial coefficientyr for permanent actions is used of value 1.35.

LOAD - CEILING CONSTRUCTION above 1.NP
1. PERNAMENT

densities gk

KN/m® KN/m?
ceramic tiles 10mm 23 0,230
cement screed 40mm 24 0,960
concrete screed 140mm 24 3,360
blocks Hurdis 80mm 0,680
plaster on 1/2 area 7,5mm 20 0,150
podhled mineralni 10mm 0,5 0,005
altogether 5,39
2. VARIABLE
@= 4 KN/m? waiting  C2
room

3.COMBINATION 1 DESIGN VALUES — LIMIT STATE STR - GROUP B
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Pernament| Variable load Total
load Qa1 Qa2 fq
O KN/m? KN/m? KN/m?
term 6.10a il 7,27 4,20 11,47
term 6.10b P 6,18 6,00 12,18
term 6.10 3 7,27 6,00 13,27
pozn.lpernament variable
for unfavorabld,,35 for unfavorablel,5
for favorable 1 for unfavorabled
13 0,85
) 0,7

For the determination total loads is used combhmtdéormula according to CSN
EN. To verify the ceiling is due to possible vapnatusing a combination of 6.10+ = 13.27
kN/m?is used.

The material charakteristics of ,I* traverses wisssifieded, according to the date of
building, as steel of 37 series. The statik modedteel traverses is simple stored beam with
load width of 1.2 m. The beam is secured agailstdi.

STEEL BEAM N1

According to CSN EN

Pernamentload : gc= 5,39KN/m? coefficient =1,35
Variable load : k= 4,00KN/m? coefficient =1,5
Line load : p« = 0,00KN/bm coefficient 2,35

1. SECTION AND SPAN

1 220 E= 2,1E+11kPa
= 3,8m l,=  0,0000305n"
I=  3,99m W= 0,000278n’
m= 31kgmit
2. LOAD
With own weight Load width : 1,2m
Ok= 6,78KN/m coefficient =1,35
W= 4,8KN/m coefficient =1,5
pc= 0,00KN/bm coefficient 2,35

3. ASSESSMENT LS
STEEL 2235 fi = 235 MPa
Mg=  18,21KNm fyq = 235 MPa
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M 4= 14,33KNm Qq= 32 KN
| Mea=  32,54KNm |
O k= 117,0MPa < fo= 235MPa
SATISFIES

4. ASSESSMENT 2° LS
flim: 1/ 300L

= 13,3mm

fon = 3,49mm

fun = 2,47Tmm

fo= 5,97 mm < fim= 13,3mm

SATISFIES

Steel ceiling traverse | 220 is satisfactory arel fdilures do not arise due over limit
deformation of the steel ceiling traverse.

e2) verification Hurdis blocks

Ceiling blocks Hurdis with straight heads are alding length of the upper edge and
all the gaps are concreted . The Hurdis blockslmeetly loaded with a 140mm thick layer of
concrete which is a characteristic load value.883KN/nt, ie 336 kg/m . Due to the faults
of the ceramic tile it can be assumed that the bmga of the ceramic tiles ie the cement
screed or concrete screed does not transmit thabl@idoad in the waiting room to the steel
beams . This variable load is transmitted throunghdoncrete screed to the Hurdis blocks and
only then to the | 220 steel beams. The most saggmt faults of the ceramic tiles are in the
place frequented by people in the waiting room thie centre of the room and also at the
seating place.

All visible seams are filled with concrete or cemeftaster from the bottom edge.
According to the photos, the Hurdis blocks are egpidy added with concrete up to the upper
edge of the steel traverse [ fig.2]. The Hurdiscki are partially completed with plaster.
Below the drop tiles near the outer wall the Hulliscks are sunken in the middle and lean
against the brick wall on the 1st floor.

f) data analysis

The data available from the preliminary inspectame sufficient to determine the
cause of failures of the ceiling above the firsiofl Due to the use of the waiting room a
detailed inspection of the compostion of the cgilaibove the first floor will be performed at
the start of work on the proposed measures.

g) review of intervention options

One option is to remove existing layers of the fleom above, pulling the concrete
above the Hurdis blocks and performing a new lay&fter the removal of these layers an on-
site inspection will decide whether or not and odmatvconditions and measures it will be
possible to keep the Hurdis blocks in the ceilingstruction.

h) conclusions and recommendations
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The available data indicate that the faults of ¢béing construction above the first
floor under the waiting area are caused by impro@ehnnical solution of the composition of
the ceiling construction, namely by:

- full setting in concrete of the Hurdis blocks ovlee entire area of the upper

surface

- missing layer for variable load transfer to theetbeams

The existing state of ceiling construction undex wWaiting room shows a faults and it
is in a dangerous condition. It can lead to a pskaof the bottom part of the Hurdis blocks
including plaster. The following measures needddaken immediately.

The existing floor layers of the ceiling above tte floor in the waiting room area
will be removed to expose the existing Hurdis biclAfter that an examination of the state
of the Hurdis blocks will have to be carried outi@ach block will be evaluated individually
for the possibility of their further use.

While removing the concrete layer may be the Huldcks damaged. Damaged
blocks will be replaced by new ones.

Polystyrene will be placed on the blocks up toupper edge of the steel beam. Above
the steel beams will be performed a 60 mm reinfbrencrete slab of C16/20 concrete, as
well as reinforcement of Kari grid at the bottomtlwcover 10mm, profile 8/8 mm, wire
spacing 100mm .

During the proces any movement of persons undewtiiked on ceiling construction
will be prevented.

| need to point out to the fact that the ceilingstouction in other parts of the building
might have been handled in the same improper teahrsolution and it may be in a
dangerous condition too. | recommend carrying odétailed survey of the ceiling above the
1st floor.

1) references 5
STANDARD CSN EN 1990, 1991, 1993
CSN ISO 13822

2 CONCLUDING REMARKS

In the assessment the ceiling construction was usetthodology evaluation by the
CSN ISO 13822. It is important to determine the psge for which the assessment is
performed . In this case, the purpose of the assatsis to assess the faults of the existing
ceiling construction under the waiting room, anceliminate potential threat to people in an
area with public access.

That example shows that sometimes without the ldetaispection despite all the care
taken in the preliminary inspection, uncertaintegght not be avoided. We deduce these
uncertainties in the assessment from local cirtantes and relayed data.

Therefore, in this evaluation, a detailed invesiayais recommended. Since it is a
building with public access, the relevant localnpllmg authority was notified of the state of
the ceiling construction.

Since it is costly for the property owner to clodewn operations for the time
necessary to perform a detailed surve investigasiod remedial action, it was agreed to
propose a support construction for the ceilingoAlthe soffit will be removed in all areas of
the 1st floor and a careful inspection of the fatiof the bottom edge of ceiling was carried
out.
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EXAMPLE 2 - INVESTIGATION AND EVALUATION OF THE
MUSIC PAVILION

Summary

Due to a failure of the existing structure of thasm pavilion a structural assessment
of the structural condition of the building was wegted. The purpose of the evaluation is to
make a decision on further action to secure thestre or to perform a new substructure.

The substructure of the existing structure wasthnil1923. In 1940s a wooden
roofing construction and walls were built above shibstructure.

Currently, the main sewer is being reconstructathgia tunneling shield. There has
been a drop of the front of the building by abo8® Inm. The staircase on both the right and
left hand side has been cracked in the area whe&seglaced on a reinforced concrete frame.
The structure was temporarily secured by a faciliih ,I“ steel traverses inserted below the
lower edge of the reinforced concrete beam.

The archive project documentation object was nohdb

The following report on the assessment of the exjstructure was drawn.

1 STRUCTURE ASSESSMENT REPORT

1.1 Introduction

The assessed Music Pavilion is located in the raiddithe town park on land No.
XXX k.U. XXXXX. Currently, near the Music Paviliothere is going on a reconstruction of
the main sewer, and a tunneling shield is being.use

1.2 Summary

After the start of reconstruction of the main seter existing structure was damaged.
A preliminary examination of the existing structuvas carried out. On the front of the Music
Pavilion the upper edge of the concrete slab tithgcabout 130 mm. Its reinforced concrete
frame including a monolithic plate is tilted towatte centre of the park.

A preliminary examination of the existing structsir@roduced conclusions and
recommendations. Therefore, neither a detailed satimn was carried out, nor sampling
was proposed.

Based on the preliminary examination a temporaigcegion of the wooden pavilion
structure and demolition of the existing reinforaszhcrete structure including foundation
was proposed. After the reconstruction of the nsawer has been finished, a new reinforced
concrete structure will be made, designed to comylly CSN EN Standards. The design of
this structure will be part of a separate projemtudnentation. After the proposed reinforced
concrete structure is built, the original woodendure fitted and fixed to this structure.
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1.3 Contents
a) scope of assesment

The purpose of the evaluation is to assess thetstal condition of the building — to
evaluate the faults connected with driving the wgdmind sewers close to the property and
assess the overall structural condition of thediug and to design measures to secure the
building. The assessment of the entire buildingdiired.

b) description of the structure

The existing pavilion [fig. 1, 2, 3] is structunaltomposed of two parts, which were
built in two stages.

I. In 1923 the lower part of the building - a 7.38.85 m stage was built.

The foundation is laid on spread footings of plaomcrete — foundation blocks. The
supporting structure consists of reinforced comcfeame. The 250 x 250 mm reinforced
concrete columns are complemented by two-way resefb concrete beams. On the
reinforced concrete beams a monolithic reinforcedceete slab on three levels is placed. In
the middle of the front of the stage (when viewehf the park) a concrete balcony is built on
the substructure. On both sides of the front them® quadrant staircases. A reinforced
concrete railing was built along the perimeterhaf toncrete slab.

The groundfloor is only compressed soil. The 1stoifl consists of monolithic
reinforced concrete slab. The height of the stagetsire is 1.44 m, 1.62 m and 1.80 m above
the groundfloor.

The area under the load-bearing reinforced conateteture is encircled by 150mm
thick facework along its perimeter.

e

e

Figure 1 — Music Rew, front view
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Music Pavilion, side view

Figure 2

, rear view

Figu3 — Music Pavilion
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[I. In 1940s a wooden roof construction and walls vioenié on the substructure.

The roofing corresponds with the shape of the oegdfd concrete structure, at the
back it continues to form a semicircle. The supgpgristructure consists of arched trusses
anchored by columns in the reinforced concretecira. The front side is an open wooden
roof structure, the arched truss is completed \aitbteel pull rod. From other sides is the
wooden structure is covered with wooden flooringe Tovering is made of copper.

c) podklady

Site inspection on XX. XX. XXXX

Building project documentation of the current stat¢éhe structure

Photographic documentation of the structure bestaging work on stamping the main sewer
Photographic documentation of the current state

Referenc& SN EN Standards

d) preliminary inspection

The upper edge of the reinforced concrete slatheriront of the Music Hall dropped
by about 130 mm. The reinforced concrete frameutfiolg monolithic plate is tilted toward
the centre of the park. The staircase on bothigfm and left hand side got cracked in the area
where it is placed on a reinforced concrete fratseight hand side around the middle of the
rail is damaged by vertical cracks.

A temporary stability facility with steel girdermé below the lower edge of the
reinforced concrete beam was built. At the fromt leams exceed the structure by about 2.5
m. An ,I“ steel beam is at its loose end suppodrd deposited on an existing terrain.

On the rear side, horizontal cracks in the reirddrconcrete columns can be seen at
the lower edge of the reinforced concrete beamsé&loeacks were repaired in the past. On
the left hand side there are vertical cracks inrémeforced concrete railing, which have also
been repaired before.

At the bottom of the reinforced concrete slab tbhaccete cover layer of the bearing
reinforcement plate has fallen off. The reinforceimes totally corroded , it can be easily
peeled off. The reinforcement is no longer capabledansmitting load effects in reinforced
concrete slab (tensile strength). The bottom sidéhe plate is continuously damaged by
cracks [ fig.5].

The the lower carrier reinforcement of the reinémrcconcrete medium girder is
completely exposed, concrete has fallen off inttheknesses of up to a few centimeters, and
in the middle third of the beam the lower part loé tconcrete is completely missing. The
reinforcement beam is completely corroded and canlomger perform the function of
supporting the reinforced concrete section - trattisrg tensile forces [ fig.4].

The reinforced concrete beams are damaged by Imbaizand diagonal cracks in the
area where they are placed.

The central support columns are damaged by hoatoracks at the lower edge of the
girders.

The reinforcement concrete slab cover layer is ablgut 5 mm. The concrete in the
reinforced concrete structure is mixed with fillarigh large fraction.

The upper edge of the concrete slabs there arblevisracks in the lines of the
supporting girders. On the balcony interface tli®gecrack along the entire length.

The preliminary inspection of the wooden structwees carried out visually and using
simple tools. By drilling a discoloration of woodipod hardness and structure were found.
Next, acoustic echo was evaluated when tappedwbleeen bearing structure of the roof and
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walls does not show disturbance. The decreaseedupporting columns at the front did not
cause any loss of shape stability of the structure.

—

Figure 4 - damage to the reinforcedceei® beam and slab

§ \ § L

Figure 5 - damage to the reinforced concretenbarad slab
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e) preliminary assessment

The drop of the front footings occurred in connactivith the reconstruction of the
PALACKEHO SADY Park main sewer using the shieldaassult of subsoil decline.

Other damage to the supporting structures is ratee to the reconstruction of the
main sewer.The reinforced concrete structure of Nhesic Pavilion is in disrepair. This
emergency situation was there even before the stwmtion of the main sewer of the
Palackého Sady Park.

Due to corrosion the supporting reinforcement mrinforced concrete structures has
failed to fulfill its supporting function - to trafer tensile forces in the reinforced concrete
section. The concrete cover is inadequate.

Judging the age of the cracks and also accorditigetphotographic documentation of
the building from before the sewer reconstructignis evident that the damage to the
supporting parts of the concrete structures hagp@aetially prior to the subsoil decrease
caused by the reconstruction of the main sewdnarPalackého Sady Park. The cracks at the
bottom and top of the concrete slabs, the crackhienarea where the concrete beams are
placed, the horizontal cracks in the outer andrimeanforced concrete columns, and some
cracks of the reinforced concrete railing aros@tgethe commencement of the reconstruction
of the sewer due to insufficient load bearing & thinforced concrete structures.

The load failures of the reinforced concrete strreg probably occured due to
moisture from the enclosure under the concrete afab inadequate concrete cover of the
structure. The nature of the defects does not drcthe possibility of adjusting the existing
supporting reinforced concrete structures.

f) data analysis
The data available from the preliminary examinatesa sufficient to determine the
causes of the structure failures.

g) review of intervention options

One option of the measures, according to the inysstequirements, is a temporary
relocation of the existing wooden pavilion struetupulling the reinforced concrete and
replacing that with a new reinforced concrete stmec

h) conclusions and recommendations

It can be said that the reinforced concrete mdmolpart of the structure of the Music
Pavilion is in disrepair. The failures of the ekigt reinforced concrete structure are not
related to the reconstruction of the main sewesy tvere caused by the environment. The
instability of the building, however, occurred doehe reconstruction of the main sewer .

| propose to remove this reinforced concrete simect including the existing
foundation of the building and replace it with ameinforced concrete structure.

| suggest a temporary relocation of the wooden ljpawvistructure and subsequent
removal of the existing reinforced concrete strigtuncluding the foundation. Next |
recommend to draw a new design of the pavilion tsubtre. After making the new
foundation and the new bearing structure of thgestawill be possible to mount the wooden
roof structure and walls again to the new bearingcture.

Since the music pavilion is currently in a statede$repair, the use of the music
pavilion is impossible, and it must be closed te gublic. The proposed structures will be
made after the completion of the reconstructiothefmain sewer.
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i) annex
- Photos of the structure failures before the sthithe reconstruction of the main sewer
- Photos of the structure failures of 27/07/20XX

j) references
NORMY CSN EN 1990, 1991, 1992, 1995
CSN ISO 13822
CSN 730038

2 CONCLUDING REMARKS

For the assessment of the ceiling structure thgirali CSN 730038 standard was
used. The report was adjusted using the methodadbgtructure assessment according to
CSN ISO 13822. In this case, the purpose of theuatiain is to assess the failures of the
existing structure and to recommend further stepscobrrective action with regard to the
economic aspect of the solution.

The above example shows that th8N ISO 13822 standard is not in conflict with
CSN 730038, the IS@SN 13822 standard complements €&N 730038 with other criteria
and information.

During the preliminary structure assessment sefficievidence for the decision was
collected and carrying out a detailed survey isracbmmended.

Figure 6 — photo of the current state

The proposed measures have been carried out, anghibto shows the music pavillion
currently on a new reinforced concrete structug.f].
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EXAMPLE 3 - INVESTIGATION AND EVALUATION OF THE
OBJECT VILLA

Vladislava Navarov&

’SPSS(eské Budjovice, Czech Republic

Summary

Due to proposed construction work and requiremergxtend the working life of a
object is performed an assessment of an existingtate - a villa located in tkruhova
Street, Prague.

The existing structure was built in 1920 — 192% thiginal purpose of the object
being a residential building. This purpose hasaianged. Currently a change in the use of
the attic has been proposed — as a residential area

The object is a detached building, with a combinedl support system. The roof is
hip with dormers and the roof support structuremade up of a classic binding rafter
assemblage.

The object itself consists of basement, groundrflad floor and an attic space. The
exterior and interior load bearing walls are magpnvhich in its lower part changes to
stonework on original mortar. The other walls asonry.

The north-east corner of the object shows faultserd@ are cracks of horizontal-
diagonal character.

The wall between the staircase and a room is dagniageracks of diagonal character.

The roof support structure is made up of bindirfteracentral ring beam crown and
top rafter.

The following report on assessment of part of tkisteng roof structure has been
compiled.

1 REPORT
Title page: title, date, client and author

1.1 Introduction

Uc¢elem hodnoceni je posoudit konstnk stav objektu a provéstiipadny navrh
opafteni. V rozsahu celého objektu jsou navrZzeny stavélmavy, v prostoru 3.NP je
navrzena zmna vyuziti na obytny prostor. Hodnoceni je poZashwv v rozsahu celého
objektu.

1.2 Synopsis
1.3 Content
a) scope of assesment
The purpose of the evaluation is to assess thetstah condition of the objekt, to

analyse the failures and carry out possible prapaoseasures. A change in use is proposed
for the attic located - as a residential area. d$sessment is required for the entire object.
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b) description of the object

The object is a detached building of a rectangtitar plan of 9.75 m x 10.08 m.
Total height above the ground is 11.16 m. The &irets supporting system is longitudinal
wall. The roof is hip with dormers and the roof pag structure is made up of a classic
binding rafter assemblage.

The object itself consists of basement, groundrflad floor and an attic space. The
basement is located only below about a half ofstnecture (fig. 1). The ground floor and the
1% floor are currently used as residential. The agtionly used as storagehe exterior and
interior load bearing walls are of brick masonrieh in its lower part changes to stonework
on original mortar. The other walls are of bricksoary.

Figure 1 — existing basement

c) documents
1. On-site inspection 27.8.2008
2. Project documents for planning permission
3. Photo evidence
4. RelevantSN EN standards

d) preliminary inspection

Preliminary on-site inspection has been carried dte following structures have
been documented:
d1) roof truss ( fig.2 )

The roof support structure is made up of bindirfteracentral ring beam crown and
top rafter. The rafters’ profile is 100/120 mm aadlistance of about 1.0 m. Middle rafters are
wooden beams of 160/200 mm profile. They are supdoin the corners by column of
160/160 mm profile and at the free — unsupportatierothey are supported by the existing
masenry 150 mm thick, across which rafters runaailevers. The truss columns are placed
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on the ceiling construction above the ground fld®etween the staircase and a room the
purlin is probably placed on a 150 mm thick wall.

The top rafter is supported by a column which ecpt on the ceiling beams above
the F' floor with the help of an additional wooden bedFhe roof construction stiffness is
secured by planking.
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Figure 2 — roof section plan

A visual inspection of the wooden truss elements lbeen carried out, followed by
testing surface qualities of the beams by scratchNo evident signs of faults of the truss
elements have been discovered during the prelipimapection, nor presence of wood-
decaying insects or fungi. The scratches showelthyeaood mass only.

No excessive truss deformation has been found.

d2) ceiling construction above th& floor (fig. 3)

The ceiling construction is made up of wooden ogilbeams at the level below the
purlin crown of 130/150 mm profile at the maximuistdnce of 1.0 m. These ceiling beams
are anchored by nails each to a pair of rafterstheg make a collets of the truss. These
wooden beams are supported by the truss constnuamio the middle bearing wall.

A visual inspection of the beams and testing serfgoalities of the beams by
scratching have been carried out. No evident sergagns of faults of the beams have been
founded during the preliminary inspection, nor pree of wood-decaying insects or fungi.
No excessive truss deformation has been found.
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d3) vertical constructions of thé' floor

The exterior vertical supporting walls of th& floor are made of brick 330 mm thick
including plaster. Interior supporting walls areO88n — 450mm thick. The mortar strength
was determined by a non-destructive Schmidt Hanlrest of the value of 1MPa.

The exterior vertical supporting walls show faultsthe north-west corner of the
structure. The faults — cracks follow the faultshe brickwork on the ground floor.

Figure 3 2dround floor plan

d4) ceiling construction above the ground floog.(#l)

The ceiling construction above the ground floomiade of wooden beams about 0.95
m away from each other. The beams are of 160/230pnafile for the light span of 4.78m
and 160/215 mm profile for the light span of 3.98@n the beams a 24 mm planking was
made and 24 mm planking was made under beems Vagitep A visual inspection of the
beams and testing surface qualities of the beamsciatching have been carried out. No
evident surface signs of faults of the beams hasenlbfounded, nor presence of wood-
decaying insects or fungi. The scratches showetthyeaood mass only, even close to the
beam headers. The ceiling beams show visible defttom

d5) vertical structures of the ground floor (fig.4)

The faults documented on the ground floor in tigare 4 are marked red.

The existing 150 mm thick brickwork between tharstese and the room is damaged
by horizontal-diagonal cracks of the width of upl® mm. The inspection shows that similar
faults exist also in the masonry between the stag@nd the kitchen.

The north-west corner of the structure shows fadiltsere are horizontal-diagonal
cracks up to 20 mm wide and about 2 m long runianigoth directions from the corner. The
cracks continue from the external masonry of tloeigd floor to the foundation stonework.
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Near the interface between the basement and neirteed floor of the object there are
cracks in the foundation stonework.

Figure 4 — grodtabr plan, the faults

e) data analysis

The preliminary inspection data are sufficient édedmine necessary measures due the
proposed building work and changes.

A detailed inspection of the foundation situatias lbeen proposed to determine exact
causes of the faults in the north-west corner efstinucture.

f) preliminary verification

f1) the supporting structure of the roof and the c#ing above the £ floor (fig.5)

According to the project design the existing layefrshe roof structure including the
roofing and the planking will be removed. The vesdfion is executed for the new proposed
composition of the roof construction. The snow l@done for Prague — snow area 1.

The existing composition of ceiling above th& fibor will also be removed, and a
new composition is proposed in the project designch expects the use of the attic space as
residential. It is considered variable load of t¢kding above the 2st floor for the A place.

The existing rafters comply with the proposed load.
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The purlins do not meet the load requirements. praposed pernament load is
increased by the composition of the floor abovelfh#ioor and the following variable load is
proposed on value 1.5 KNfmof the collet. Reinforcement of the existing midgerlins of
160/200mm profile is proposed by a steel liner 820 and U160 profile (fig.6).

Next, reinforcement of the existing ceiling beanb®wae the T floor, the collets is
proposed - according to the documentation the iagistollet of 130/150 mm profile will be
completed with profile 80/160mm wood liner. Wheltge ttop rafter supporting post is
proposed is new ceiling beam betweem existingrgelleams.
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Figure 5 — proposed changes to the truss anageibove the*ifloor

The truss structure posts of 160/160mm profile dgmyth the proposed load, but
placing of the posts on the ceiling structure abitneef" floor does not. At the place laying of
the two posts in the ceiling structure above tHdlidor is proposed reinforced — the existing
ceiling beam will be reinforced by a two-sided sti@ger. Concurrence will be secured by
bolts. Next, an OR1 steel frame is proposed toampbf one post under the middle purlin.
The frame OR1 will be made of 2 x U 160 steel pesfivelded into a box.

The existing solution of place laying the purlin v 150 mm thick wall between the
staircase and the room is insufficient. The progoselution is to supply the post with a
supporting purlin. The post will be placed on thpmorting wall of the ground floor.

All wooden element joints will have to be securgdblts.

The roof stiffening is secure by the roof planking.
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f2) the supporting structure of the ceiling abovehe ground floor (fig. 6)
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Figur'e 6 — r;?'b'posed changes of the ceiling abozgtbund floor and on the ground floor

I| | “Farsm BTN, M

The ceiling beams doesn’t comply with the propdead of the floor. Reinforcement
is proposed — an interconnection with an reinforcedcret slab. Above the planks a 50 mm
thick concrete slab will be concreted reinforcedhwiKari welded wire fabric. The seams
between the beam and the slab will be secured stggkidding by a pins (fig. 7, 8).

Reinforcement of the existing beams for placinggrposts is proposed. The existing
beam will be reinforced by a two-sided steel limérU200 profile. Concurrence will be
secured by bolts (fig. 9, 10).

Reinforcement of the object at the level below ¢b#ing structure above the ground
floor is proposed using a two-way steel pull rodl@fmm diameter, which will be anchored
outside the object by a bearing plate.
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f3) vertical bearing structure

It is proposed reinforced existing masonry wall & thick on the ground floor
between the staircase and the room — to make ali@éwnm thick masonry - using brick of
strenght P10 and 5MPa mortar. The existing masoist be interconnected with the new
masonry with steel pins inserted into the horiabjdints (fig. 6).

Next is proposed an insertion of above mentionezklstolumn — square tube
100/100/6 mm on the ground floor antiflbor. The steel column will be placed on both £nd
with P10 steel anchor plates. The columns will hvée placed so that they would link to
the purlin and make up its support in this way.§jd).

The damaged masonry at the north-west corner wibdrured by external horizontal
U120 steel rull rods, anchored in the masonry witémical anchor.
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f4) stiffness of the object

The existing structure is nit reinforced by coneretowns. Reinforcement in both
directions is proposed — at the level below thérgestructure above the ground floor and in
part at the level of the floor of the ground flodd mm steel pull rods are proposed, which
will be anchored outside the object with the hdlp 10 bearing plate

f5) foundation structure

| propose to carry out detailed inspection of tbanidation situation. Close to the
faults will be carried out probe near the foundatsiructure to the bottom of foundation.
After the probes will be proposed measure to enslesfoundations.

g) review of intervention options

The first option is to carry out the above mentobrreinforcement of the existing
structures and elements. Another proposed reinfogoe option is to replace the existing
elements by new sufficient elements.

g) conclusions and recommendations

The available data show that the existing strustare not sufficient for the proposed
change in use and for expanding the work life efgtructure.

I recommend that reinforcement of the existingatrres is carried out.

A detailed inspection of the basement structuregcessary.

g) references
CSN EN Standards 1990, 1991, 1992, 1993, 1995, 1996
CSN ISO 13822

2 CONCLUDING REMARKS

For the assessment of the existing structure tignat CSN 730038 Standard was
used. The report was adjusted to comply with @®N ISO 13822 methodology of
assessment of existing structures. In this caspuh@ose of the assessment is to evaluate the
structure of existing object for the proposed gesnin use and for the extension of the work
life of the object. Next, to recommend further stdpr remedies regarding the economic
aspect of the solution.

During the preliminary inspection enough evidenaes wollected for the assessment
of the structures except the foundation structurksdetailed inspection of them is
recommended. This detailed inspection can begar #fe building work has started.

The above mentioned example shows that despitbealtare taken in the preliminary
investigation avoided uncertainties. Detailed itigagion it is necessary, to exclude
uncertainties.

It was agreed, that the detailed inspection offtlumdation structures will be carried
out after the building work on the object has sirt



Annex A — Evaluation of results 83

ANNEX A: EVALUATION OF RESULTS

Milan Holicky 2
%Klokner Institute, Czech Technical University ireBue, Czech Republic

A.l  General

The evaluation of statistical data representingralom sample taken from a particular
population is frequently the first step in asses#nué existing structures. The concept of a
general population and the random samples taken ifres introduced and supplemented by
the definition of commonly used sample charactesstEmphasis is put on the moment
characteristics, that usually provide the initiatkground information for the specification of
a theoretical model of population. Sample charattes regularly used in engineering and
science describe the location, dispersion, asynymeetd kurtosis of statistical data. The
general rules and computational techniques useddtarmining sample characteristics of a
single random sample, and also for the combinaifdwo random samples, are illustrated by
examples.

The concepts of population and random sample ateeragly important for the
appropriate interpretation of statistical data #redr analysis. Population, or “the universe”, is
the totality of items under consideration. A popioia may be finite l sampling units) or
infinite. Rather than examining the entire groupNaiinits a small part of the population, that
is a sample of units, may be examined instead. A precise dedimitegarding a population is
often difficult to come by, but must be provideddrder to interpret outcomes of statistical
investigation correctly [1,2]. An excellent destigm of the basic technique is given in [3,4]
and a short review is provided in [5]. The correctminology and procedures are available in
International Standards [6,7,8].

A sample is one or more units taken from a popaaand is intended to provide
information on that population. It may serve as asi® for decision-making about the
population, or about the process which producedhe term “random sample” refers to the
samples that are taken from a population in sualayathat all possible units have the same
probability of being taken. The number of samplingts, called sample size may be
considerably different. Commonly, samples are awmrsid to be very smalh& 10), small Q
< 30), large 1t >30) or very larger( > 100). Obviously, with increasing size the sarmaple
become more representative. However, the sampiimgedure is equally important.

If a sample is representative of a population, irtgyd conclusions about it can often
be inferred from an analysis of the sample. Thigsghof statistics is called inductive
statistics, or statistical inference, and is cost@resubsequent chapters. The phase of statistics
that seeks only to describe and analyse a giverplsaim called descriptive, or deductive,
statistics to which is devoted this Chapter.

Example 1

A structure consists of 70 members of the same. typeandom sample of 10
members can be taken from the population of 7Gursing a table, or a generator of random
numbers within a range of 1 to 70. A sample cam the created by taking the units whose
serial numbers are equal to ten generated randombers.

A.2  Characteristics of Location
The basic characteristic of sample location (omtsn tendency) is the sample mean
My given as
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My :i B, (A.1)

Herex; denotes sample units. If the sample units arereddieom the smallest to greatest unit
then the subscripisare generally changed 1, (@and the units are then denosgg

Another characteristic of location is mediud, defined the point separating ordered
sequence of data into two parts such that halhefdata is less than the median and half of
the data greater than the median.

Example 2

A random sample of measurements of concrete stragitains ten measuremerts
={27; 30; 33; 29; 30; 31, 26; 38, 35; 32}in MPehd measured data, in order of scalejs
{26; 27; 29; 30; 30; 31; 32; 33; 35; 38}in MPa:

The sample meai ; and the mediant; are given as

my == (Zx,) = 31,1 MPa, #iig = 3 (x5 + %(5)) = 30,5 MPa

A.3 Characteristics of Dispersion
The basic characteristic of dispersion is calledvhriance

53 == Thw; — my)’ (A.2)

el

In practical applications the standard deviapis commonly used instead of “variance”.
Another measure of dispersion that is frequentjgliad in engineering and science is
called the coefficient of variation

vy =% (A.3)

My
This is, in fact, a measure of relative dispersiormalised by the sample meam. It
is frequently used in engineering when the sampammy is not very small. If the sample
meanmy is relatively small then the standard deviatioowti be used instead.
In the case of very small samples< 10) additional measure of dispersion, called
sample range, is sometimes used,; it is definedlgiagthe difference between of the greatest

and smallest sample urk) — Xq).
In same specific cases also the mean deviationdByerage deviation, defined as

the mean of differencds; — my| is also used

MDy, = iE”=1| X my (A.4)

Example 3

The variance of the sample sample given in Exaddl® = {27; 30; 33; 29; 30; 31;
26; 38; 35; 32}in MPa is given as

s3 = X3 (x, —my)? = 11,69 (MPa)?
The standard deviation is thus

5y = w—“’—ﬁ =4/11,69 = 3,42 MPa
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Example 4
The coefficient of variation of the data in thedam sample given in Example 32
={27; 30; 33; 29; 30; 31; 26; 38; 35; 32} in MRs.given as
22 - 0,11 =11%

Y2 T 311

Example 3.5

Considering ordered measurements from examplg3=22{26; 27; 29; 30; 30; 31,
32; 33; 35; 38}in MPa, the variation range andriesmn deviations are:

Xy~ X1y = 38— 26 = 12 MPa

MDy = =X, | x, —my| =272 Mt

A.4  Characteristics of Asymmetry and Kurtosis

The characteristics of asymmetry and peakednestogks) are used less frequently
than the characteristics of location (the mm®f) and the characteristic of dispersion (the
variances;). However, the characteristics of asymmetry andkeédness provide valuable
information about the nature of the sample, inipaldr the distribution of observation to the
left and right of the mean and the concentrationob§ervation about the mean. This
information may be extremely useful for determinitige appropriate theoretical model
(probability distribution) of population.

The following moment characteristics are most oftesed. The coefficient of
asymmetry is defined on the basis of the centraherd of the third order as

oy = ﬁz?ﬂ':f{ — my)? (A.5)

=X

Similarly the coefficient of kurtosis is relatedttee central moment of the fourth order as

gy = LELi(I{ —my)* -3 (A6)

noy

Note that the above defined coefficients of asymyreetd kurtosis should be close to
zero for samples taken from population having néuisdribution.

The coefficient of asymmetry is positive when meaenple data is on the left of the
mean, positive when more data is on the right ef tiean. The coefficient of kurtosis is
positive when the sample data is located mosttiénvicinity of the mean, negative when the
data is distributed more uniformly. Both these elteristics (skewness; and kurtosisey)
are strongly dependent on abnormal deviations afesgsample units (outliers), or errors,
particularly in the case of small samples € 30). Then their evaluation may be highly
uncertain (and may suffer from so-called statisticecertainty due to limited data).

Example 6

Considering again data from example 3.2 giver ag27; 30; 33; 29; 30; 31, 26; 38;
35; 32} in MPa, the coefficients of asymmetry anult&sis are:
3 Tl (x, —my)® = 0,46

iy = =
g nay

€y = %Z?:j_ (I:’ - Tﬂ’}[:]ll: —3=- 0’44

nas
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The positive coefficient of asymmetry indicatestthore observations are on the left
of the mean (in fact 6 of 10 values are on thedéthe mean). A slightly negative coefficient
of kurtosis indicates low peakedness (observedegaieem to be distributed slightly more
uniformly than those of normal distribution). Ndteat the investigated sample is very small
(10 values only), and the coefficients obtairned,ande; may be inaccurate.

It is interesting to note that there is an empinetationship between the skewness
the mearm,, the mediarrmt, and the standard deviatiep (called sometimes as Pearson
coefficient of skewness) in the form

ay % 3(my — M)/ 5,°

Considering the results of previous examples 3.2l &3 m,; = 31,1 MPa,
m, = 30,5 MPa ands; = 3,42 MPa it follows that

3(31,1-20,5)
oy TS TR S
ﬂ'x = 242 ﬂ_.._h_l

This seems to be a good approximation of the abbt@ned moment skewnegs=
0,46. It also demonstrates the intuitively expectsllt that if the mediast, is less than the

meanm,, then the skewness is positive. Consequently more data is locateidoithe mean
than right of the mean.

A.5 General and Central Moments

Most of the samples characteristics described albmleng to so called moment
characteristics that are based on general or ¢entments of the data. The general moment
(about the origin) of the ordéil = 1, 2, 3, ...) is defined as the arithmetic meathefsum of
|-powers

The central moment (about the mean) of the draesimilarly given as

mp = iz?ﬂ{r; — my)! (A.8)

The moment characteristics can be then definedlasvs.

my =my (A.9)
Sy = my (A.10)
ay = FLS-: (A.12)
gy = = —3 (A.12)

m2

In numerical calculation it is sometime useful pply the following relations between the
general and central moments

My = My — me (A.13)
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mg = m3 — 3Imym: + 2mi (A.14)

my = my — dmyms + 4mim; — Imi (A.15)

When computers are used to evaluate statisticgblegrequations (A.13) to (A.15) are not
directly used.

A.6  Combination of Two Random Samples

Sometimes it is necessary to combine two randonpksntaken from one population,
assuming that the characteristics of both the sesrgole known, but the original observations
X are not available. It must be emphasised that lomlgyogeneous samples of the same origin
(taken from one population under the same condijishould be combined. Violation of this
important assumption could lead to incorrect rasult

Assume that a first sample of the sizehas the characteristies;, s, a;, while a
second sample of the simg has the characteristics,, s, a;. Only three basic characteristics
are considered here (the coefficients of kurtosie &arely available for combined
samples).The resulting characteristics of a contbsmmple of the size can be determined
from the following expressions:

n=n+n (A.16)
= Mt nm
n (A.17)
,_ns+ns nn 2
¢ =224 2 (m - m)
n o (A.18)

azl{mﬁqwéqﬁwm M’s B nha % m )

It is interesting to note that the standard dewras is dependent not only on the
standard deviations of two initial sampksands,, but also on the means of both the samples.
Similarly, the skewnesa also depends on the characteristics of the lowagromeans and
standard deviations). The relationship for the dsid is not included as it is not commonly
used.

It should be noted that if the original data isilde then it can be analysed as one
sample; relationships (A.16) to (A.19) can thenubed for checking newly obtained results.
The most important thing is the verification of thgpothesis that both samples are taken
from one population.

Example 7
An example of the practical application of equagiofA.16) to (A.19) is shown
underneath.

Samples n m S a v
Sample 1 10 30.1 4.4 0, 0,1t
Sample 2 15 29,2 4,1 0, 0,14

Combined 25 29,5¢ 4 2t 0,5 0,14
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Note that a different number of sample units mdgcafthe characteristics of the
resulting combined sample. An EXCEL sheet has loeseloped for calculation if this is the
case.

Sometimes it may occur that the size of one sanspl@); is not known, and only the
first two characteristicey, s; are available. This is a typical situation wheuaifng previous
data with the characteristiasy, s;, using newly observed data of the sizewith the
characteristicsn,, s,. Then the Bayesian approach may be used for asgabe unknown
valuen; and a corresponding degree of freedamThe following text is presented here as a
guide on how to proceed in that case, just for rmftion and without the appropriate
mathematical clarification.

In accordance with the Bayesian concept [1, 3], tilknown valuen; and a
corresponding degree of freedammay be assessed using the relations for the cueefts of
variation of the mean and standard deviatifp) and V(o), (the parameterg and o are
considered as random variables in Bayes’ conceptyihich it holds

n = [se/ (Mo V(@)]% v =11 (2V(0)?) (A.20)

Both unknown variables; and v; may be assessed independently (genetally n; — 1),
depending on previous experience with a degreeoéntainty of the estimator of the mean
and the standard deviati@nof the population. Note that for a new sampleoiids thatv, =
n,— 1.

When the sample siz® and the degree of freedom are estimated, the degree of
freedomv is given as [3, 11]

v=un+w-1ifm=21l,v=n+wnifn=0 (A.21)

Then the resulting size of the combined sampad the meam is given by equations (3.59)
and (3.60); the standard deviat®is determined from a modified equation (3.61) as

s2={v1§+v2§+ﬂ(r@— n;)ﬂ/v

n (A.22)
The above relationship may be easily applied udieg=XCEL sheet or other software tools.
Example 8

Suppose that from the prior production of a givgpetof concrete the following
information is available regarding its strength

my, = 30,1 MPayV/(y) = 0,50,s; = 4,4 MPayV(o) = 0,28.
For the unknown characteristingand v it follows from equation (3.20) that

2
4,4 1 1
=|———F| =0,y,=—————=6
& (30,10,5() to2x0,2¢8

Thus, the following characteristics are subseqyemthsideredn; = 0 andv; = 6.

To verify the quality of the concrete, new measuwepts have been carried out using
specimens from the same type of concrete. Thewaollp strength characteristics have been
obtained:

nR=5w=n-1=4m =29,2 MPas, = 4,6 MPa.



Annex A — Evaluation of results 89

Using equations (3.16), (3.17), (3.18) and (3.ft%9,updated characteristics are as follows:
n=0+5=5

v=6+4=10

m= 0x30,1+ 5¢ 29,2 29,2 MPa

52:[6><4,42+4><5,6’+0%5 (30, 29,2)} 118 475 MP

Thus, using the previous information, the standidation of the new measurements could
be decreased from s = 5,6 MPa to s = 4,5 MPa.

However, it should be noted that the combinatiothefprevious information with the
current measurements might not always lead to fade results. For example, if the
coefficients of variation are/()=0,2 andw(0)=0,6, then the unknown characteristigsand
v, follow from equation (3.20) as

2
4,4 1 1
=|——— | =1 v, = =1
E (30,10,2) ' 2x0,6

In this case
n=1+5=6

v=1+4-1=4

m= 1x 30,1-;5X 29,2= 29,35 MPe

52:[1x4,42+4x 5,6+1L65 (30,2 29,2)} /4 6,63 MP

In this case, the mean increased slightly from 28,229,35, while the standard
deviation increased considerably, from 5,6 to 6H@wever, this is an extreme case, caused
by unfavourable estimates of, 11 and v following on from equations (3.20) and (3.21). In
practical applications these equations should Ipdiexpwith caution, particularly in extreme
cases similar to the above example. In connectitin tis warning, an important assumption
mentioned at the beginning of this section showddstressed. Only those samples that are
evidently taken from the same population can bel dse combining or updating statistical
data; otherwise the results of the combinatiorwaf tandom samples may lead to incorrect
results.

A.7 Note on Terminology and Software Products
It should be mentioned that documents such as IS8t 37] , [8] and software
products EXCEL, MATHCAD and STATISTICA provide shiy modified terminology and
definitions for basic moment characteristics.
In general two modifications are commonly usedii@ characteristic of dispersion.
- The characteristic called here “the sample stahdaviation” is also denoted as “the
standard deviation of a sample”, or as “the poputastandard deviation” (whem is
the population size), and is given as

Sy = |lzr|:_r_ mx:lz (A.23)

| n
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- The sample estimate of the population standavéhtien called here a point estimate of
the population standard deviation and denoted &éysymbols, is sometimes called the
sample standard deviation

L ¥nex, —my)? (A.24)

B

Sx

Expression (A.23) corresponds to equation (A.2)tfer sample standard deviation.
Expression (A.24) represents a point estimate aidgird deviation that is derived from the
mean of the distribution describing the sampleararé (based on th¢ random variable and
discussed in [1], [2], [3] and [4]).

Similar modifications of sample characteristics @l available for the skewness and
kurtosis. The “sample skewnesstiefined here by equation (A.5) can be writtenimpdified
form as

Oy = FL:'? = ﬁz?n(r{ —my)* (A-25)
STATISTICA, EXCEL, MATHCAD and some other softwgmeoducts provide a point
estimate of the population skewné@ss(see Chapter 8) as

n? 1 o - Jnln-1]

L n 3 _
Ly =7 - — i lx —my ) = —
7 n-0in-2) niy E’—“ ! o in—2)

oy (A.26)

Note that the population estimaite is used in equation (3.26). If the sample standard
deviation is used then the estimate of the pomuriatkewness would be

»

pE T i mm)i s 2 —a (A.27)

T n-n-2 5 n-ln-1 ¥

The factor enhancing the sample skewnagsin equation (A.27) (the fraction
containing the sample sizg is slightly greater than the similar factor iruatjon (A.26) (for
n> 30 by less than 5 %); the difference diminishhvisitcreasing sample sire

Similar modifications of sample characteristics rbayfound for kurtosis based on the
central moment of the fourth order (see equatio®))A The relevant formulae can be found
in the help component of the relevant software petgl However, kurtosis is evaluated in
practical applications very rarely and only forywkarge samplesn(> 100).

A.8 Grouped Data, Histogram

When analyzing large size of statistical datdt is often useful to group them into a
limited number of classek (usually 7< k < 20) and to determine the number of units
belonging to each clasg (i = 1,2,..k), called class frequencyii = n). Each class is
represented by class mark which is the midpoint of the class interval lintitby its lower
and upper class limit.

Commonly, the grouped data are presented graphisalthe form of a histogram,
which is a column diagram showing frequengyor relative frequencyi/n for each class.
Histograms are very useful graphical tools prowdualuable information about the overall
character of the sample. Visual investigation ef listogram is always recommended. It may
provide an initial understanding of the sample reatu

The meanmy is given by the general moment of the first or@r7), which for
grouped data is written as

my = mi = £5E m (A.28)

The central moments (about the mean) of the drdex for grouped data given as
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The moment characteristics of grouped data can dterrdined using the general
formulae (A.10) to (A.12). Also the relationshipstlveen the general and central moments
provided by equation (A.13) to (A.15) can be usedhe numerical evaluation of grouped

data.

Examp

Results ofn = 90 tests of concrete strength are groupedkt® classes as indicated
in the table below and in the histogram in Fig. .AVlsual investigation of the histogram
indicates that the sample is well-ordered (withoutliers), symmetric (the skewness is
expected to be close to zero) and slightly leskysfmore flat) than commonly used normal

le9

Lo . ol
my =~y i (xf — my)'

distribution (a bit of negative kurtosis is expeljte

Fig. A.1 Histogram of the grouped data form Example 3.9q[®€ervations of concrete

25

17

19

21 23

25 27

29

1

33

The table shows the class intervals, class matkgin MPa), frequencyn; and
productsn; x; andn; (x; —m,)* used to calculate the general moments of thedndr, and
the central moment of the second order. The monwntise order three and four would be

strength)

necessary for calculation of the skewnagsnd kurtosis e

Class | Class interval Class mark | Frequency | Product | Product

i in MPa x! in MPa n nox; n (x; —my)?
1 16to 18 17 1 17 71,309
2 18to 20 19 3 57 124,593
3 20 to 22 21 12 252 237,037
4 22to 24 23 15 345 89,630
5 24 to 26 25 20 500 3,951
6 26 to 28 27 18 486 43,556
7 28to 30 29 11 319 139,062
8 30to 32 31 8 248 246,914
9 32to 34 33 2 66 114,173

Sum - - 90 2290 1070,222
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It follows from equations (A.7), (A.10) and the nencal results shown in the last row
of the above table that the sample mean and sdad@aration are

my =m:= 2290/90 = 25,44 MPa arsd = Vm, =(1070,222/90)° = 3,45 MPa

The coefficient of variatiovx = 3,45/25,44= 0,14 is relatively high and indicates a
somewhat low quality of material. The other momemaracteristics can be similarly found
using the central moments of higher order and gémguations (A.11) and (A.12). This way
it can be found that the sample skewness is alzesta = 0,03, and the kurtoses= -0,53.
So the sample is really symmetrical and slightlyenaniform than the normal distribution.
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ANNEX B: PARTIAL FACTORS

Milan Holicky *
'Klokner Institute, Czech Technical University ireBue, Czech Republic

B.1 INTRODUCTION

Important developments in the application of theory of structural reliability to
codified design have intensified since the lastsien of ISO 2394 [1] in 1998. In the field of
limit states design, the implementation of prineglof structural reliability for establishing
the basis for structural design for Eurocode in E990:2002 [2] is a significant application
and further development of ISO 2394:1998 [1]. Othmwly published International
Standards include 1ISO 13822:2001 [3] and ISO 22XX7 [4]. The scientific basis of
structural design was developed extensively inJt68S Model Code (2001) [5], and has been
updated continuouslylhe context of structural reliability is developkdthermore through
standards for risk assessment, such as the IntarabhBtandard ISO 13824:2009 [6] and the
JCSS Guideline on Risk Assessment (2008) [7].

The paper considers the process for the revisiom oumber of national codes in
accordance to principles for standards developr{i&@ 2394:1998 [1] and EN 1990:2002
[2]), including the reference, supporting backgmbu(Gulvanessian et al., 2002), [8],
(Holicky, 2009) [9] and guiding information (Retieihd Wium, 2010) [10]. An important
question of the target reliability levels and rblidy differentiation for newly designed and
existing structures is thoroughly discussed. Fuyttiee reliability bases formed by the First
Order Reliability Methods (FORM) [9] are criticallpviewed and methods of probabilistic
code calibration are presented. Finally, suggestionpossible revisions and updating of the
present operational design methods of partial facice proposed.

B.2 TARGET RELIABILITY LEVEL

The target reliability level required in designriw or assessment of existing structures
is the first inevitable step to relate science g@ndctice. Recommended target reliability
levels, expressed commonly by reliability indexgs= —®™(p), where ®() denotes the
distribution function of the standardized normatdbution andp the failure probability, are
given in several documents [1,2,5]. In EN 1990t[#g target reliability inde)G is given for
two reference periods (1 year and 50 years) (sbeH.4). No explicit link between the target
reliability level and the design working life isquided.

Table B.1. Reliability classification in accordangigh EN 1990 [2]

Reliability | Consequences of Reliability index | Examples of buildings and
classes structural failure | for reference period civil engineering works

1year| 50 years
RC3 - high High 5,2 4,3 Bridges, public buildings
RC2 — norm Medium 4,7 3,8 Residences and offices
RC1 - low Low 4,2 3,3 Agricultural buildings

It should be underlined that a couplefbalues (for 1 year and 50 years) given in Tab.
1 for each reliability class corresponds to the esaetiability level. Practical application of
these values, however, depends on the time pedosidered in the verification, which may
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be linked to available probabilistic information noerning time variant basic variables
(imposed load, wind, earthquake, etc.).

For example, considering a structure of reliabitiigss 2 and the design working life 50
years, the reliability inde)@ = 3,8 should be used provided that probabilistadels of basic
variables are available for this period. The samlalility level is achieved when the
reference period 1 year aft: 4,7 are applied using the theoretical modelofw year.

It should be mentioned that for existing structurég® target reliability level
recommended in EN 1990 [2] given in Table 1 mayrwmalified. In some cases it is allowed
(if not necessary) to reduce the reliability ing@x(as indicated in the Dutch standard [11]).
These cases should be discussed with all respersliners.

B.3 DESIGN VALUE METHOD

The design value method is a very important stemfprobabilistic design methods
toward operational partial factors method. The glesialue method is directly linked to the
basic principle of EN 1990 [2], according to whitlshould be verified that no limit state is
exceeded when the design values of all basic Magadre used in the models of structural
resistanceR and action effeckE. Thus, if the design valueSy and Ry of E and R are
determined considering the design values of alicbzariables, then a structure is considered
as reliable, when the following expression holds

Eqa<Ry (B.1)

where the design valu&g andRy are symbolically expressed as
E«=E{Fq1, Fa2,... 841, @42,...641, G2, ...} (B.2)
Re=R{ Xa1, Xd2, ... &1, &2, ... 041, B2, ...} (B.3)

Here, E denotes a function describing the action effctlenotes a function describing the
structural resistance; is a general symbol for actionX, for material propertiesa for
geometrical properties, an@ for model uncertainties. Subscript ‘d’ refers toe tdesign
values.

If only two variablesE andR are considered, then the design valdgandRy may be
determined using the following formulae

P(E>Eq) = &(+aef) (B.4)
PR<Ry) =®(-arf) (B.5)

where S is the target reliability indexge and ar, with |a] < 1, are the values of the FORM
sensitivity factors [2, 9]. The sensitivity factat is negative for unfavourable actions and
action effects (in EN 1990 [2d= = — 0,7), the resistance sensitivity factmy is positive (in
EN 1990 [2],ar = 0,8).

B.4 PARTIAL FACTOR METHOD

In accordance with the partial factor methods atamem EN 1990 [2] the design values
of the basic variablesXy and Fy4, are usually not introduced directly into the desi
expressions. They are commonly expressed in tefntsed representative value$e, and
Frep, Which may be:

— the characteristic values, and Fy, i.e. values with a prescribed or intended
probability of being exceeded, for example for @us, material properties and
geometrical properties;
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— the nominal valueX,om andFnom Which may be treated as characteristic values for
material properties and design values for geonstpoperties.

The representative valueX., and Fr, should be divided and/or multiplied,
respectively, by the appropriate partial factorsolatain the design valueXy and Fg.
Considering the representative valigs andF e, by their characteristic value& andFy, the
design valueXy andF4 can be expressed as

Xa= Xl Y (B.6)
Fa = )& Fx (B.?)

whereyy denotes the partial factor of materials propertesly- the partial factor of action.
Both partial factorgy andyr are in most cases greater than 1.

As described in the following sections, both paractorsyy andy: should include
model uncertainties, which may significantly afféoe reliability of a structure. As stated in
EN 1990, design values for model uncertainties rbayincorporated into the design
expressions through the partial factggsand g applied as follows:

Ey = Ve BV G Vo P VerQets Veilloi Qi 8-+ (B.8)

Ry = R{/]Xk /ym;ad...}/yRd (B.9)
Here n denotes a conversion factor appropriate to theemahtproperty. The coefficieny,
which takes account of reductions in the desigmieslof variable actions, is applied ¢&s,
¢n or yp to simultaneously occurring accompanying variablgioas. The following
simplifications may be made to Eqgn. (B.8) and (B.9)
a) On the loading side (for a single action or veHarearity of action effects exists):

Ed = E{VYr,F rep,, &} (B.10)

b) On the resistance side the general format isngin Eqn. (B.9), and further simplifications
may be modified in the relevant material-orienteduinents.

The relation between individual partial factorsbaorocodes is schematically indicated
in Fig. B.1. In accordance with Fig. B.1 the padrtactor yr may be fragmented into the load
intensity uncertainty factog and model uncertainty factggg. Similarly, the partial factoyy
may be split into the material property facygrand resistance model uncertainty factgt
Generally, it holds that

Ve = I Med (B.11)
M = Y Jed (B.12)
Uncertainty in action intensity — W
DN
W
Uncertainty in action effect b -

ncertainty in structural resistan —
Uncertainty in structural resistance J'Pd\

el

Uncertainty in material properties [ Jn

Fig. B.1. Partial factors in Eurocodes (EN 19902(x])
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Numerical values of both factors of model uncetiadepend on particular conditions
and should be derived from previous experience available experimental data. The load
effect factoryeq may be expected within the interval from 1,05 tb51 The resistance factor
Yra depends on the construction materials and behawbuhe structural member. For
example, uncertainty of the bending capacity ofeglsbeam will be lower (about 1,05) than
uncertainty of a welded connection capacity (adolb).

B.5 PARTIAL FACTORS FOR MATERIAL

Partial factor for resistancg, is defined in Eqn. (B.13) by fractile& andXy. Taking
into account general expression for fractiles & thndom variabl&X the factory,, may be
written as
Xy _ Hx tUposOx _ 1+UgosVy
Xy Hy +U,Ox 1+ u,Vy (B.13)
p=®(-0.88)

whereVx denotes coefficients of variation &f up s or u, denotes 5%- or p-fractile of the
standardised random variable having the same pilgpalistribution as the resistancé
Fig. B.2 and B.3 show the variation of the part#adtor )& of the material propertf with the
reliability index £ for selected values of the coefficient of variatiwg given for a normal
distribution by Eqn. (B.13) (Fig. B.2), and a logrmal distribution by Eqn. (B.14) (Fig. B.3).
Assuming a log-normal distribution of, then the fractilesl, in Eqn. (B.13) must be
taken from the standardised log-normal distributilonthe case of a log-normal distribution
having the lower bound at zero, Eqn. (B 13) mawhk#en as

exp( Up osy/ IN(1+ V5 ))

Ym =

y _ X 1+VX
" X exp( \/In(1+V ))
,mvx : (B.14)
exp( Up,05% V/ )

—7 1 P=0(-083)
exp( Up XVX)

whereu denotes now the normal standardised variableyfach detail tables are commonly

available. Note that the approximation indicatedha last expression in Eqn. (14) is fully
acceptable for small coefficients of variatign (< 0.2).

2,57
2,07
1,59

1,07

0’5 T T T T 1
0 1 2 3 4 5

Fig. B.2. Variation of ), with £ for selected coefficients of variatiodx and normal
distribution ofX
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Fig. B.4 shows the dependence of the partial fagi@n the coefficient of variatiowy
for three types of distribution functions: a normgla log-normal LN with the lower bound at
zero o = 0) and a log-normal distribution LN with the skeessa = 0,5 assuming = 3,8.

2,5 1

Fig. B.3. Variation of y, with £ for selected coefficients of variatidfx and log-normal
distribution ofX.

1,20 —+
Ym | 3
N .
1,10 1 _¢“\x'
,":\"I:N, Xo= 0
.-*"LN, a=05
1,00 M ; ; ; |
0,00 v 0,10

Fig. B.4. Variation ofy, with S for selected coefficients of variatiorik , normal and log-
normal distribution oX

B.6 PARTIAL FACTOR FOR PERMANENT LOAD

Consider a permanent lo&kl (self-weight) having a normal distribution. Itassumed
that the characteristic vali of G is defined as the meag;:

Gk = s (B.15)
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Thus the design valugy is given as
Go=Us —ac X x0s = s (1 +0,% BxwWg) (B.16)

In Eqgn. (B.16)us denotes the meawi; the standard deviatiol the coefficient of variation
andag = - 0,7 the sensitivity factor d@.
The patrtial factoys of G is given as

%= Gal G (B.17)

Taking into account Eqgn. (B.15) and (B.16) it fel®from Eqn. (B.17) that
%= (1+0,%BxVg) (B.18)

Fig. B.5 shows the variation of the partial facjgrwith the reliability indexg for selected
values of the coefficient of variatior.

2,5

¥

0 1 2 5 3 4 5

Fig. B.5. Variation of the partial factgg with the reliability indexg for selected values of the
coefficient of variationV/g

B.7. PARTIAL FACTOR FOR VARIABLE LOADS
A similar procedure as in the case of the permaloaadtG can be used for estimation of
the partial factorge for variable load®). Assuming the Gumbel distribution the characterist
value is usually defined as 0,98 fractile of annesttemes (or extremes related to a certain
basic reference period) and is given as
Q= o (1 —Vo (0,45 + 0,78 InfIn(0,98)))) (B.19)
The design valu@y related to the working life described by periotia#l is given as [9]

Qu = o (1 - Vo (0,45 — 0,78 In(N)+ 0,78InEIn(d(-ae3))) (B.20)
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In Eqn. (B.19) and (B.20), denotes the meamyg the coefficient of variatiorof extreme
values ofQ determined for the basic reference periods (for b years)N denotes the ratio

of the working design life, for example 50 yearadahe basic reference period. As an
example the period ratidN = 10 (= 50/5) is considered below. Finallgz = — 0,7 is the|
sensitivity factor ofQ andar is the time-sensitivity factor given by the ra¥it, / Vg, where
W’ denotes the coefficient of variation of the timepdndent component @fandwg denotes
the coefficient of variation of the tot§. WhenQ depends on time-dependent components
only, V'qg = Vgoand ar = 1. Note that the reliability indeg in Eqn. (20) is related to the design
working life (for example to 50 years) and nothe basic reference period (for example to 1
or 5 years). The partial factgg of Q is given as

W= Qa/ Qk (B.21)

The partial factory, of a variable actiorQ defined by Eqn. (B.21) depends on five
parameters. In addition g, ae, £ (used also in the case of time-invariant basitabées)
the partial factor of variable actiong depends also otihe period ratidN and on the time-
sensitivity factorar. Fig. 6 shows the variation ¢§ with the coefficients of variatiowg for
selected values gf assuming a Gumbel distribution @ and the period ratidl = 10 (the
design working life 10 times greater than the basference period) and the time-sensitivity
factor ar = 1 (no time-independent components).

It should be noted that the time-variant componmealy have a considerably lower
variability than the total actio®, and, therefore, a reduced coefficient of variasbould be
considered in Egn. (B.20) for estimating time-vari&ffects ¢r < 1). Consequently, the
predicted design valu@y and the partial factog would decrease. Without going into details,
it appears that the valug = 1,5, which is recommended in EN 1990 [2], is asonable
approximation corresponding to the reliability ingé = 3,8, the coefficient of variationg =
0,3 (that may be considered as a reduced coeffiofevariation of the extremes @f) and to
the period ratidN = 10 (the design working life being 10 times of beesic reference period).

0 0.2 0.4 0.6 0.8 1
Vo

Fig. B.6. Variation of), with the coefficients of variatiowg for selected values ¢f
assuming a Gumbel distribution Qf period ratld\?:lo andar=1
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Fig. B.7 shows the variation ¢§ with the reliability indexs for selected coefficients of
variationVg assuming again a Gumbel distributionfand the period rati = 10.

2
o) \
18 0=0.8
\ Q:0.5
.6}
! V=03
1.4
1.2
B
1
2 2.5 3 3.5 4 4.5 5

Fig. B.7. Variation ofy with the reliability indexg for selected values of the coefficients of
variationVg assuming a Gumbel distribution Qf period ratidN = 10 anday = 1

B.8 CONCLUDING REMARKS

Scientific methods of structural reliability based the First Order Reliability Method
(FORM) can be effectively used to specify the tality elements of newly developing
structural codes in a general case of several hasiables describing performance of the
structure or structural system. Alternatively thasethods can be used for the direct
reliability analysis of new or existing structureds. both cases the specification of an
appropriate target reliability level and its difatiation is of uttermost importance.

However, up to now the assessment of various iiktiablements in the new structural
codes is partly based on historical and past ezpee. Such an experience may depend on
local conditions including climatic actions andditeonally used construction materials, and,
consequently, might be considerably diverse ineddht countries. That is why a number of
reliability elements and parameters in the presaité of European standards including target
reliability level and reliability differentiationra open for national choice.

The reliability elements recommended in EN 1990f¢2]new structures seem to be, in
general, acceptable. However, the theory of strattteliability indicates that the partial
factors for permanent loads may be slightly high darticular for own weight), the partial
factors for some variable loads slightly low (inrgpaular for snow and wind) and the
combination factors rather conservative. Nevergléhe available theoretical methods based
on the theory of structural reliability can be aéftectively applied for additional calibration
and refinement of structural codes when appliedetdfication of new or existing structures
under specific conditions.

The theory of structural reliability is further eainely useful for the specification of the
optimum target reliability level and reliabilityfé@rentiation making allowance for the cost of
structures, maintenance and consequences of posilbre of new and existing structures.
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ANNEX C: REPORT ON ASSESSMENT

Michal Kronika? 5
1Secondary Technical School of Civil EngineeringsBlova 2(Ceské Budjovice

Summary

This Annex C — Report on Assessment presents donopbw to process a report
when assessing existing structures. In the firgf pa'Report Format” is described following
Annex G (informative) oCSN ISO 13822Principles of Construction Designing — Existing
Structures Assessmeinom July 2005. After that one of many practicabewles of such a
report can be processed is shown.

1 INTRODUCTION

Assessment of existing structures is in commonschased on a method that includes
several working stages. At the end of the assedssoeme form of report is usually required.
The following provisions primarily refer to the &hreport that is to be issued after the whole
assessment process is compléted.

In the next subchapter the “report format" is diésd following annexe G
(informative) of CSN ISO 13822Principles of Construction Designing—Existing Stures
Assessmetitom July 2005.

In subchapter 3 a practical example of the finpbreis shown.

2 REPORT FORMAT BASED ON ISO 13822
Annex G (informative) CSN 1SO 13822

G.1 Title page
The following items are given: title, date, contrawner and contractor (full name and
address of the engineer and/or company).

G.2 Name of engineer and/or firm
The people that have carried out the assessmeeth@gwith the contract owner’s
representatives and other participants are intrediberein.

G.3 Synopsis

The issue is briefly and precisely summarized oe on two pages, significant
investigation points are provided, including theirmeonclusions, recommendations and all
important objections and/or rejections.

G.4 Table of contents
The following items are included:
a) scope of assessment;
b)  description of structure;
c) investigation;
- examined documents,
- inspected objects,
- sampling and testing procedures, test results;
d) analysis;

! Klokner Institute CVUT Praha, Prof. Ing. Milan Holicky, DrSc., Ing.nMarkova, PhDCSN 1SO 13822,
Bases fordesigor structures — Assessment of existing structures. June 2005, p. 16
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e) verification;

f)  data analysis;

g) evaluation of possible interventions;
h)  conclusions and recommendations;
i)  reference documents and literature;
)] annexes.

G.5 Scope of assessment

Reasons for assessment and the task scopes agedriagtween the contract owner
and the engineer are introduced herein. The assesgrocedure is described (see annexe B)
and all assessment activities are recorded. Theatiton plan and safety precaution plan are
determined.

G.6 Description of structure

The following information is briefly and preciseljntroduced: name, location
(address), the load-bearing system including alwangs. Also, the history of the original
load-bearing construction, successive changes,iqu&vand present usage purpose are
specified herein.

G.7 Investigation

G.7.1 Documents examined

Documents that are available to the engineer imetutheir origin (e.g. letters from
the contract owner or their representative, drasiagd/or reports from other parties sent by
the contract owner) are listed herein.

G.7.2 Inspection items

It is important to be able to verify that the authed and qualified people have carried
out the corresponding number of inspections. Ptessibstrictions on the inspection’s
effectiveness and factors out of the engineer'gaane to be recorded.

G.7.3 Sampling and testing procedure

The origin, number, date and location of the tesh@e collection are introduced
herein. We also introduce the laboratory name amdract measures of procedures for test
sample collection and testing. It is important teesent the purpose and nature of
tests/analyses followed by the summary of resklisther, it is advised to attach copies of the
laboratory test reports. In the case of proof-laadest plan and other documents are
introduced in the annexe.

G.8 Analysis

It is necessary to introduce the method used fercticulation and also the criteria
used for its consideration. The analysis resules tar be briefly summarized. Detailed
calculations can be presented in the annexe.

G.9 Verification
Verification of the construction’s safety and uigbare covered in chapter 7.

G.10 Discussion of evidence
As the title suggests the importance of all resales discussed in this chapter, as
described in G.11 and G.12 and especially theionamce for the purpose of the evaluation.
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Any uncertainties that have remained after the stigation are introduced here, as well as
any possible further verification necessity.

G.11 Review intervention options
It is necessary to consider possible variationsnefsures. For every variation the
costs are to be estimated.

G.12 Conclusions and recommendations

G.12.1 Conclusions

Conclusions must be strictly logical expert’s opind that follow from careful
evaluation of the information obtained. It is a@dyike to briefly describe the accuracy and
limits of methods used and the actual importancthefresults. Every conclusion should be
based on the factual aspects mentioned in precioasters of the report.

G.12.2 Recommendations

The course of activities is described briefly andlagical succession so that it is
practicable for the contract owner and it follows fwom the conclusions. For individual
pieces of work a rough estimation of costs is medi Also, the remaining lifespan, the
inspection and maintenance plan, and the dateeafdit assessment are determined.

G.13 Annexes
In annexes the following items should be introduceldawings, photographs,
laboratory documents of tests, calculations etc.

3 AN EXAMPLE OF THE FINAL REPORT

3.1 Title page

Title: STRUCTURAL ASSESSMENT - influence of buildjrmodifications on structural
stability of the City Hall building, Normalni Streg&, Popelin, postcode 00 000
Date: 30/6/2012
Contract owner:  Statutory city of xxxxxx, municigalilding authority, Nova Street 28.
Contractor: Structural stability office XYZ, Kosmauii 1825, Novakovice, postcode
00 000

3.2 Name of engineers

Authors of the assessment: Ing. A. Novak — cedifiructural engineer, expert witness
Ing. P. Nova — certified structural engineer

Contract owner representative: Ing. F. Stary —ifestengineer, technical supervisor of the
investor

Other: Ing. B. Maly — expert on construction foutioias

3.3 Synopsis

The assessment purpose is to find the causes phpeanstruction failures that have
been discovered during the work on the storageespaadifications and also to propose
possible interventions for their elimination.
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On the supporting transverse wall adjoining thespgsway and on the spot, where the
modifications are being carried out, the followfiaglts have been discovered:

- To the right of the cellar space entry openirgg(Big. 8) there is a horizontal crack
in the plaster. The plaster on the spot has bemowed and it has been found out that the
crack does not continue into the brickwork.

- To the left of the cellar space entry openingehie a horizontal crack on the pillar at
the base height of the arched girder above theagassy. Similar crack has been found on
the opposite side of the passageway - on the agiheer.

Also, there is a crack on the vertical boundarg Ibetween the mentioned pillar’s
arched girder above the passageway and the walhatj the passageway.

In both cases there are horizontal micro-crackscaacks (see Fig 8)

A hydrological survey has been carried out on tibe sf the building before the
proposal of safety building modifications. This gy shows the foundation conditions and
the load-bearing capacity of the foundation joias well as sample collection for
determination of quality and bearing capacity agemg brickwork and foundations.

A structural analysis has been carried out consigethe load bearing capacity of
existing foundation taking into account the on-goluilding modifications. Also, it considers
the proposal for a new lintel including the wealakback pillar.

The documented failures of the supporting passagewad are not serious and do not
endanger the structural stability of the buildimgiis present state — the above mentioned
building modifications have not affected the stauat stability.

There is no reasonable connection between the sumppowall failures and the
building modifications (carried out according tcetproject documentation) that would be
suggested by the entry data.

It cannot be ruled out that the emergence of theksr developed during the work on
the building modifications. Apparently, this mighappen with all buildings where building
modifications are being executed. In this caseatil involve definitive failures that do not
endanger the structural stability of the building.

As it is not possible to rule out other reasonsgheffailure occurrence than the above
mentioned building modifications, it is recommendeanonitor the cracks, e. g. by using the
plaster bands. In case that the cracks and consiyuee building failures would not be
definitive, i. e. that there would appear crackstloa plaster bands and the failures would
continue, it is advisable to appoint an experngpect the whole building.

3.4 Table of contents

3.4.1 Scope of assessment
The assessment purpose is to determine the faidwses of bearing constructions and
a proposal of measures for their elimination.
The supporting transverse wall adjoining the passayg and the space where the
building modifications are being carried out shagns of failure.
Following assessment range has been arrangedheittontract owner:
Preliminary verification:
- verification of available documentation and ottata
- preliminary inspection
- preliminary verification
- decision on immediate measures
- recommendation for detailed evaluation
1.  Work range for detailed evaluation:
- detailed documentation finding and verification
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detailed inspection, sampling and testing
load determination
determination of construction properties
construction analysis
verification

Possible additional inspection

Report on evaluation results

Assessment and decision

Proposal of measures

akwn

3.4.2 Description of structure

Designation: Offices of municipal authority

Address: Normalni Street 1, Popelin, postcode @ 00

Description: The building is situated in original-line housing development, the load-
bearing system is wall-longitudinal, the load-begrperipheral brickwork is directly
connected to the neighbouring buildings. The rawistruction is saddle-shaped; the
load-bearing construction of the roof frame is fedmby classic purlin frame with
upright stools.

The actual building consists of the ground floanstf second, third floor and
the attic. The load-bearing peripheral and inndtsnaae made of bricks, at the bottom
the walls are made of stones with original mortaumdefined strength. Other walls
are probably made of bricks.

History: The load-bearing constructions are origimghout any interventions during the
lifetime period.

Utilization: The utilization of the building has & the same since the beginning. The
building was designed and always used as officeespa

3.4.3 Investigation

3.4.3.1 Examined documents

1. The original project documentation from timetloé construction by the studio
OPR in April 1956

2. Project documentation for the building permit dhe building
»,Reconstruction and modification of store spacethe office of municipal
authority from 06/2004

3. Project ,Drainage and hydro-insulation”, authdlodai spol. s.r.o. in
cooperation with Ing. J. Klapka.

4. The building journal of the reconstruction kbgtthe building company XYZ

3.4.3.2 Inspectionitems
1. Preliminary inspection of the building on 18®Z
with the participation of:
Ing. P. Nova — certified structural engineer, staffice XYZ
Ing. F. Stary — certified engineer, technical suer of the investor

2. Detailed inspection of the building on 5.11.2007
with the participation of:
Ing. A. Novak — certified structural engineer, estpeitness
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Ing. P. Nova — certified structural engineer, staffice XYZ
Ing. F. Stary — certified engineer, technical suer of the investor
Ing. B. Maly — specialist in the field of foundimgnstructions

3.4.3.3 Sampling and testing procedures

Samples were collected on 12.11.2007 based on riter of static office XYZ. 9
samples have been collected to find out the loaalihg capacity of the foundation ground, 6
samples to determine the load-bearing capacityhef lirickwork and foundations. The
samples have been collected and analysed by TAZIitS the seat inCeské Budjovice,
Nemanicka Street 8.

The testing and evaluation of results comply witBN 1SO 13822 Principles of
Construction Designing —Existing Structures Asse&sgm

The copy of laboratory protocols of testing anditgsresults and introduced in the
annexes of the assessment.

3.4.4 Analysis

Based on the testing results a static calculatabdeen made that considers the load-
bearing capacity of the existing foundation congtamns with regard to the building
modifications. It also considers the design of ti@sv lintel including the weakened brick
pillar. The calculation complies witRSN 1SO 2394 General Principles of Construction
Reliability andCSN 1SO 13822 Principles of Construction Designirixisting Structures
Assessment.

The calculation result is a proposal to reinforige brickwork around the new door
opening using concrete B20 — C16/20 with a bracihground plan dimensions of 80mm x
600mm. The concrete is horizontally anchored toethisting brickwork using anchor centres.
Such reinforced pillar compensates for increasedhwelue to the building modifications.

Detailed calculations are introduced in the annexe.

3.4.5 Verification

In the calculations safety and serviceability ot thxisting structure have been
verified. For reliability assessment the remainiifgtime of the existing structure has been
taken into account, as well as its actual statetlam@xecuted building modifications.

The verification has been based on the conceptidimdt states — bearing capacity
and serviceability. The verification has been eafrout based on the partial factor method,
see current regulations. The partial factors haaenbmodified with regard to the results of
material testing and the quality of the contractavork during the building modifications.

3.4.6 Discussion of evidence

Based on inspections, conducted tests and calongati can be assumed that failures
are in the mounting of both ends of the archedegimh the pillar, which are in the mounting
of both ends higher than the mounting of the giuael.

It is possible to assume that the building modifamzs on the right hand side of the
building (view from the Street) are not responsiblethe failures.

The failures could be caused by temporary increaskecrease in the level of ground
water, which based on the documentation lies abiéoundation joint of the building. Also,
the failures could be caused by increased loath@miiched girder.

It is not possible to entirely exclude that thejpetion of the joint between the pillar
under the base of the arched girder and the wathefpassageway could have occurred
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during making of the opening in the supporting wéail this case the failures would be
definitive and would not endanger the structurabsity of the building.

Still two options for increasing the bearing capaof the brickwork on the spot of the
building modifications have been proposed.

3.4.7 Review of intervention measures

To strengthen the brickwork two variants have beeoposed. First, the existing
brickwork could be exchanged for brickwork with g load bearing capacity. Second, the
existing brickwork could be strengthened usingfaeted concrete. Cost estimation has been
made for both variants in cooperation with a buddcompany. After consulting the investor
and the building company the second variant has bleesen.

3.4.8 Conclusions

Documented failures of the supporting wall in tlesgageway are not serious and do
not endanger the structural stability of the buitdiBuilding modifications have not disrupted
the static conception of the building.

Based on the entry information, obtained data &edctlculations there is no causal
link between the failures of the transverse suppgnvall neighbouring the passageway and
the executed building modifications.

3.4.9 Recommendation

With regard to the fact that the cracks were disced during the building
modifications, it cannot be excluded that the csabkd developed before the work on the
building modifications, or whether they were caudssdthem. This is similar with every
building where modifications are being carried datthis case the observed faults do not
endanger the structural stability of the building.

As it is impossible to exclude other causes offtikires than the above mentioned
building modifications, it is recommended to watdbsely the cracks, e. g. using plaster
bands. If the cracks and consequently the failapggar not to be definitive, i. e. on the bands
appear identical cracks. It is recommended to agppan expert to investigate the whole
building.

3.4.10 References
Textbooks:
- Konstrukce pozemnich staveb - Poruchy, udrzdansrukce a modernizace budov:
. dil - SNTL Praha 1985, II. dil VUT Brno 1984
- Konstrukce pozemnich staveb - Vady, poruchy, lbalra zniny staveb. Cweni -
VUT Brno 1984
- Konstrukce pozemnich staveb 60 - Poruchy a rdkake staveb, part | and II-
CVUT Praha 1994
- D. Pume, FCermaék a kol. - Rizkumy a opravy stavebnich konstrukci - ARCH Praha
1993
- Eichler: Mechanika zemin a zakladani staveb
- Rukowt znalce oboru 35 "Stavebnictvi”, Diagnostika vgmbauch v zakladani staveb
obytnych, pémyslovych a zerdélskych
- T. Varek: Rekonstrukce staveb
- VyhlaSka MMR¢. 268/2009 Sbh. o obecnych technickych poZzadavaohystavbu
- J. Witzany: Poruchy a rekonstrukcesmgich budovCKAIT Praha 1999
- Ing. P. Linhart a kol. - Rekonstrukce staveb veale
- R. Drochytka, J. BydZovsky - Stavebni vady odoAzd
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- 0. Makys - Technologie renovace budov
- Z.Bazant, L. Klusé&ek - Statika fi rekonstrukci objekt

Standards:
- CSN ISO 13822 Principles of Designing Constructidghdsting Structures
Assessment. June 2005
- CSN ISO 2394 General Principles of Construction &bglity. November 2003

3.4.11 Annexes

Fig. 1 building drawings

Fig. 2 laboratory protocols on testing and testegylts

Fig. 3 static calculations

Fig. 4 photographs

Fig. 5 records from inspections

Fig. 6 copy of records from the building journal

Fig. 7 records from negotiations on inspection ltssucalculations and modification
proposals

Fig. 8 crack pattern

4 CONCLUDING REMARKS

The above mentioned example of a report shows #inropow to process a report
when assessing existing structures (or in othedsvarhen assessing existing structures from
a static point of view), which is done during reatmns, when a building’s usage changes, or
in cases of other interventions.

| recommend to the author of an assessment ofimxistructures to create a report
according to the above mentioned citation of Annéxginformative) ofCSN ISO 13822
Principles of Construction Designing — Existingugtiures Assessmeinbm July 2005.

| think that a majority of clients who require assassment of existing structures will
at first familiarise themselves with the report wehehey can easily find the results and
conclusions of performed calculations. Also thecpssors of further necessary project
documentation can familiarise themselves with thieceete calculations of the author of the
assessment of existing structures.

A report is the fastest way the client can famigi@arhimself with the state of his
building.
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