SAMCO
Guideline for the Assessment of Existing Structures

1 INTRODUCTION

As structures are aging, the assessment of buildings, bridges, tunnels, dams and
industrial structures is becoming increasingly important. Structural codes have been
developed for new design, but they often are not appropriate for assessment since
there are significant differences between design and assessment. Design
uncertainties arise from the prediction of load and resistance parameters of a new
structure. These uncertainties represent the variability of a large population of
structures caused by the unequal qualities of material, the different construction
practices, and the variability of site specific live loads. Also a conservative design
does not result in a significant increase in structural cost while a conservative
assessment may result in unnecessary and costly repairs or replacement.
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Therefore, there is a clear need for technical rules for the assessment of existing
structures. In some countries, participating at SAMCO, especially the UK,
assessment codes and guidelines are available, but in most European countries only
single assessment routines are discussed within the scientific community, but are
rarely applied by practicing engineers. This guideline is developed within the work
package 3 "codes and recommendations” and offers a methodological framework for
assessment, assuming a stepwise procedure, beginning with simple methods and
going on more sophisticated, if necessary.
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In the first chapter the general scope of the guideline is defined. The second chapter
describes in detail the principals of structural assessment. A structure of the
assessment methodology is introduced and the single procedures for data
acquisition, structural analysis and safety verification are described. In the third
chapter the proposed assessment levels (Level O — Level 5) and associated
procedures are explained.
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2 GENERAL
2.1 Scope

Structural assessment can be initiated, when there has been a change in resistance.
Such as structural deterioration due to time-depending processes (e.g. corrosion,
fatigue) or structural damage by accidental actions.

Also when there will be a change in loading (e.g. increased traffic load) or an
extension of the design working life. Assessment can also be carried out to analyze
the current structural reliability (e.g. for environmental hazards like earthquake or
extreme winds and/or waves).
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The proposed guideline presents a methodological framework of the assessment of
existing structures and a summarization of the manifold methods developed in recent
years for structural assessment. It is intended to describe the coherency and
difference between methods and to provide an understanding and to help practicing
engineers finding the suitable assessment procedure depending on the assessment
objectives as well as on different boundary conditions.
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Within management of groups of structures it is necessary to assessment unify, so
that different structures are assessed in the same way and results are comparable
between authorities, regions or countries. The guideline is meant to provide a
framework to achieve that goal.
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It is intended to explain the principles of structural assessment and to feature the
several levels of structural assessment, starting with simple but conservative
methods and progressing to more refined but also more expensive methods.
The guideline can be applied to all kind of existing structures (e.g. bridges and
tunnels, buildings, industrial structures on- and offshore) of any type of structural
material (concrete, steel, timber, masonry, composite material).
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The structures to be assessed can be designed based on accepted engineering
principles or design rules as well as on good workmanship, historic experience and
accepted professional practice.

Since fire resistance requires properties different from those of structural safety and
integrity, the assessment of fire resistance is not part of the guideline.
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3.2.2 Assessment levels

As mentioned before, assessment procedures vary in sophistication. It is
recommended to start the assessment with simple but conservative low level
methods and, in case the assessment failed, move on with more refined upper
levels. The grading concerns the specific methods of all three components (Annex A).
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In general within one applied assessment procedure the sophistication of the
individual components should be of around the same level. For instance, there is no
sense to achieve resistance and load parameters with simple but imprecisely
methods and use full probability based methods for the verification. Admittedly, there
may be cases were a mixture of methods with low and high complexity is advisable.
For instance when a first step low level assessment failed and in a second step the
structure specific resistance and load parameters are achieved by more refined
investigation methods like NDT, the structural analysis and the verification can be
carried out with the same simple methods as in the first step and the assessment
may now result in sufficiency.
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The proposed assessment levels are established for structuring the assessment
process.

They are not imperative and the boundaries of the levels are flexible. The levels
adhere roughly to those, established in the UK for the assessment of highway
bridges [7].
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The proposed assessment levels are described below and an outline of the structure
shows Fig.1.

Level 0: Non-formal qualitative assessment:

Assessment, based on experience of the engineer, is mostly used for a pre-
evaluation of the structure. One is able to evaluate visual deterioration effects like
corrosion of steel members or visual signs of damage (cracks, spalling).
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Level 1: Measurement based determination of load effect:

Assessment of serviceability by measurement of performance values and
comparison with threshold values. There is no structural analysis carried out. The
threshold values can be given in codes or individually specified. Details are
described in chapter 3.1.
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Level 2: Partial factor method, based on document review:

Assessment of load-carrying capacity and serviceability using information from
design, construction and inspection documentation. Structural analysis is generally
carried out using simple methods. Safety and serviceability verification is based on
partial factors. Details are described in chapter 3.2.1.1.
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Level 3: Partial factor method, based on supplementary investigation:

Assessment of load-carrying capacity and serviceability using information from site-
specific detailed non-destructive investigations. Structural analysis is carried out
using refined methods and detailed models. Safety and serviceability verification is
based on patrtial factors. Details are described in chapter 3.2.1.2.

keSS Slidos plwl 4l (S5 55 g,V as

20 385 g oy e sla ae3l 5l el Cewdy oMbl oolaiul b oyl Slu, Cwad ColilE 5 b Jom cud)ls mlas ool o
s Eohli g el ol 05 e ploul 335 sl Joe 5 a8 i sla i, 5l esliinl b 5 ojle Juloo 09d (oo dnnle e
ol 0 oole Z S VYA Lad jo Dliie 0gd o0 dnuloee Sy 555 B i, 5l 5 o5l Sl

Level 4. Modified target reliability, modification of partial factors:

Verification of the load—carrying capacity with site-specific modified partial safety
factors. Structural properties as well as external circumstances can influence the
safety measure. Practically, modifying of partial factors is carried out for groups of
structures with similar structural behavior or load influences. Details are described in
chapter 3.2.2.
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Level 5: Full probabilistic assessment:

Assessment, taking into account all basic variables with their statistical properties.
Structural reliability analysis is used directly and instead of partial factors.
Uncertainties are modeled probabilistically. Details are described in chapter 3.3.
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Structural Assessment

Qualitative Quantitative
Assessment Assessment
[ - ]
Measurement Based Model Based
Assessment Assessment
[ | 1 . | 1
Level 0 Level 1 Level 2 Level 3 Level 4 Level 5
Experience Direct assess- Assessment of Assessment of || Adaptation of Probabilistic
based subjective | | ment of ser- safety and safety and target reliability | | assessment of
assessment of viceability val- sarviceability servicaability measures and safety and
deterloration ues from meas- | | using simple using refined assessment of serviceability
effects and other | | ured load ef- model based model based safety and values.
damage after fects. methods. methods serviceability
visual inspection. with modified Data from tests,
Data from Data from tasts, structure- monitoring, etc.
documents. monitoring, efc, specific values.




Classes of

Assessment | Oblectives Methodology
NON-FORMAL m’g’: Visual Inspactions
ASSESSMENT | assassment Experience Based Graduation
(Level 0)
i Determination of Load Effects Verification
MEASUREMENT-| 10 2000
BASED AS- control and Compari ith
Measurement of Performance Values under panson wi
OFPENENY. | ewessmet Service Loading Threshold Values
(Level 1)
quantitative Determination of Load Effects
MODEL-BASED | :zafety and Verification
ASSESSMENT icaabili Acquisiti Structural
ﬂe?;?nen? i - Analysis
Document Review Deterministic
A (Permissible Stress)
Basic Structural
-- only exceptional -
(Level 2) Inspections Models
Monitoring of Static Load Semi-Probabilistic
Effects and Deterioration (Partiaf Safety Factors)
Det ions, S , Cracks,
; w%?rsos&e:f:)s ! Refined Models
(Level 3) ‘Fﬁz'ﬁamg;‘w
Monitoring of Live Load
and Environmental Influ-
ences
Testing and Measurement Adaptive Probabilistic Ap-
(Level 4) of Material Properties and [ FE— Models | proximation Methods
Dimensions (FORM, SORM)
(Level 5)
Monitoring of Dynamic Pro%abilﬁti%iidmsula-
Load Eﬁects Stochastjc on _‘e
(Eigenfrequencies, FE — Models (MCS, LHC)
Mode Shapes)

Table A.1: Classificabon and Structure of the Assessment Procass




A.1.1Level 1: Measurement Based Assessment

- Control of the performance of the structure over a certain time period

- Control of adherence of serviceability and fatigue limit values (deformation,
stress, stress range)

- Control of vanable loads and influences

- Measurement of performance values like deformations, stresses and dynamic
values

- Comparison of Measured Data with Threshold Values
- Analysis of Trends and Correlations with External Influences

Fig.A1: Direct Azsessment of Monitored Vartical Movements of a Railway bridge Dack during
Construction of the Surrounding Station at Lehrter Bashnhof in Beriin



A2 Level 2: Basic Model Based Assessment

CB.JECTIVES

- Wabdstion of safety and sewiceahility fier extireme lnad damege or after datario-
ration damage

Detarmination of safety end serviceability for ulility changes

DATAAGOLISITION

- Load and resistanca data from design documents and codes

nspecions

STHUCTURAL ANALYSIS

- Methods end modals as usad in the dasign process
Aafined modeks

RELIABILITY VERIFICATION
Datarministic
- Semi probabilistic
Action Effect from Known Known Resistancs H,.
Y | e | Vs 5;_ L —
Special Load Sk after Damage Hk ) ¥
e,
) R S
= o 5 — & - X

Load and Resistance Models as Used in Design

Fig A2 Simoioed Exampio for Lovol 3 Assoes nant



A 1.3Level 3: Advanced Model Based Assessment

- Determination of load carrying capacity and remaining He time of damaped
structures

- Investigation on Material Properties and Dimensions (NDT)
- Morstoring based System Idertification

- Load Monitoring

- Proof Load Tests

- RAefined Mathods and Modals (FEM, Nonfnear Analysis)
- Adaptive Modals
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A 1.4Level 4: Assessment with Modified Target reliabilities

- Adapft;qdlwtsg&;duy ndapendemedﬂlemmsolam
tural failure, which i on the of the structure,
e _mdepends utsity redundancy and

- Invastigation on Material Propertias and Dimensions (NDT)
- Monitoring Based System |dentification

- Load Monitoring

- Prooi Load Tests

Fig A&: Tiustration of Ne Salety ndox 8 m ho Standars Normad Spo0e and Dosonpion of tha Partal Salaly
Fadlors a3 Function of B lor Normal Detributod Valios



A.1.5Level 5: Full Probability Assessment

- Datermination of load carrying capacty and remaining e time of damaged
structures under considaration of existing uncertainties

- Investigation on Matenal Properties and Dimensions (NDT)
- Monitoning based System Identification

- Load Mondtoring
- Proof Load Tests
- Statistical Charactedistic of Data
- Simple Modeals and Mathods
- Advanced Models and Mathods
- Probahilistic appraximation methods (FORM, SOAM)
- Simulstion Mathods (MCS)
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FigAS: Histogram and Ostrbotion of Live Load (Simsizton)



