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FIB BULLETINS ON SERVICE LIFE DESIGN

2 fib bulletin 34 “Model Code for Service Life
= Design”
2
Model Code for
Service Life Design
o
H
;: Benchmarking of deemed-to-
E

satisfy provisions in standards

[T} fib bulletin 76 “Benchmarking of
GTNT deemed-to-satisfy provisions in
UNIVERSITY standards” (published 2016)




FIB BULLETINS ON ASSESSMENT OF EXISTING STRUCTURES

fib

fib bulletin 22 “Monitoring and safety
evaluation of existing concrete structures”
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ﬁb fib bulletin 59 “Condition control and
assessment of reinforced concrete structures”

g gl
bulletin 59

fib bulletin 80
“Partial factor methods for
existing concrete structures ”

Prepared by fib COM3, TG3.1
Chair: R. Caspeele
Published 2017

Condition c
and assess
reinforced c
structures

state-of-art report

Partial factor methods for

existing concrete structures
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FIB BULLETINS ON ASSESSMENT OF EXISTING STRUCTURES

fib bulletin 109 “Existing concrete structures
life management, testing and structural
health monitoring” (coming soon)

Existing concrete structures
life management, testing
and structural health monitoring
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EVOLUTION OF FIB MODEL CODES FOR

STRUCTURAL CONCRETE

fib Model Code
for Concrete Structures
2010
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CEB-FIP

MODEL CODE
990

BULLETIN D'INFORMATION

No. 72

ceb-fip model code
..... for concrete structures
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ASPIRATION AND CHALLENGE
FIB MODEL CODE 2020

« All ‘Engineering works’ are undertaken to meet established societal needs and goals. MC2020 adopts
a sustainability-driven approach to design, execution and life-cycle management of concrete structures.

« The vision on MC2020 is for it to be future oriented and capable to accommodate and not hinder
technological progress, thereby facilitating the ongoing evolution of concrete and reinforcement
materials, associated technologies and the structural forms which might potentially be created using them.

« MC2020 consistently deals with new and existing concrete structures, incl. structures after
Interventions, applying fundamental principles of performance-based approach to design and

assessment, safety philosophy based on risk and reliability concepts, and consistent treatment of safety,
serviceability and durability verification
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fib Model Code

for Concrete Structures
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EUROCODE DEVELOPMENTS

— 2015: JRC Science & Policy report ‘New European Technical Rules for the Assessment and

Retrofitting of Existing Structures’
— 2020: CEN/TS 17440 ‘Assessment and retrofitting of existing structures’

— 2028: establishment of CEN/TC250/SC10/WG4 for development of EN1990-2 ‘Eurocode —

Basis of structural and geotechnical design — Part 2: Assessment of existing structures’
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JRC SCIENCE AND POLICY REPORT

New European Technical Rules for the
Assessment and Retrofitting of
Existing Structures

Policy Framework

Existing Regulations and Standards
Prospect for CEN Guidance

Support to the implementation, harmoniz:
and further development of the Eurocodes

‘TECHNICAL SPECIFICATION CEN/TS 17440
SPECIFICATION TECHNIQUE
TECHNISCHE SPEZIFIKATION July 2020

English Version
Assessment and retrofitting of existing structures
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.....

Eurocode — Basis of structural and geotechnical design — Part 2: Assessment of
existing structu

CEN/TC 250
Date: 2023-03-2406-18
PrEN 1990-2:2023
CEN/TC 250

Secretariat: BSI

Eurocode — gen der
geotechnischen crkes

Eurocodes — Bases de calcul des structures ¢f géate




EUROCODE DEVELOPMENTS

— Content JRC report

Part I: Policy Framework
1 Purpose, justification, and benefits

2 Assessment and retrofitting of existing structures JRC SCIENCE AND POLICY REPORT
3 CEN/TC250 initiative / Mandate 515
4 Approach to execution of the Mandate New European Technical Rules for the
References Assessment and Retrofitting of
Existing Structures

Part Il: Existing National Regulations and Standards in Europe Fiedley Eramenork
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EUROCODE DEVELOPMENTS

— Content JRC report (continued)

Part lll: Prospect for CEN Guidance
Preamble
Key issues
1 General
1.1 Scope
1.2 Normative reference
1.3 Assumptions
1.4 Terms and definitions
2 Basic requirements
2.1 Objectives
2.2 Target reliability
3 Framework for assessment, structure management and retrofitting upon existing structures
3.1 Introduction
3.2 Generic procedure
3.3 Preliminary assessment
3.4 Detailed assessment
3.5 Assessment based on knowledge levels
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JRC SCIENCE AND POLICY REPORT

New European Technical Rules for the
Assessment and Retrofitting of
Existing Structures

Policy Framework
Existing Regulations and Standards
Prospect for CEN Guidance

Support to the implementation, harmonization
and further development of the Eurccodes

AUTHORS

Paul Luechinger, Juerg Fischer

Christis Chrysostomou, Gerrie Dieteren, Frangois Landen,
Steinar Leivestad, Nick Malakatas, Giuseppe Mancini, Jana
Markova, Stuart Matthews, Thomas Nolan, Camillo Nuti,
Evelyne Osmani, Gert Rennow, Juergen Schnell, Peter
Tanner

EDITORS

Silvia Dimova, Artur Pinte, Paul Luechinger, Steve Denton
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EUROCODE DEVELOPMENTS

— Content JRC report (continued)

Part lll: Prospect for CEN Guidance

4 Investigation andlupdating

4.1 General

4.2 Actions

4.3 Material properties

4.4 Geometrical properties

4.5 Structural models

4.6 Resistance and deformations
5 Structural analysis and verifications
5.1 General
5.2 Structural analysis (static analysis)
5.3 Verifications based on partial factors
5.4 Verifications based on probabilistic format
5.5 Plausibility check
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JRC SCIENCE AND POLICY REPORT

New European Technical Rules for the
Assessment and Retrofitting of
Existing Structures

Policy Framework
Existing Regulations and Standards
Prospect for CEN Guidance

Support to the implementation, harmonization
and further development of the Eurccodes

AUTHORS

Paul Luechinger, Juerg Fischer

Christis Chrysostomou, Gerrie Dieteren, Frangois Landen,
Steinar Leivestad, Nick Malakatas, Giuseppe Mancini, Jana
Markova, Stuart Matthews, Thomas Nolan, Camillo Nuti,
Evelyne Osmani, Gert Rennow, Juergen Schnell, Peter
Tanner

EDITORS

Silvia Dimova, Artur Pinte, Paul Luechinger, Steve Denton

2015
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EUROCODE DEVELOPMENTS

— Content JRC report (continued)
Part lll: Prospect for CEN Guidance

6 Interventions

6.1 Recommended measures

6.2 Retrofitting

6.3 Survey and monitoring maintenance

6.4 Immediate safety interventions

6.5 Remedial interventions
Annex A — Reliability requirements (informative)
Annex B - Knowledge levels of the existing structure (informative)
Annex C - Reliability based derivation of partial factors (informative)
Annex D - Assessment based on satisfactory past performance (informative
Source documents / References

But all information rather general !
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EUROCODE DEVELOPMENTS

— Content CEN/TS 17440
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TECHNICAL SPECIFICATION
SPECIFICATION TECHNIQUE
TECHNISCHE SPEZIFIKATION

CEN/TS 17440

July 2020

European foreword 4
Introduction 5
1 Scope. T
1.1 Scope of CEN/TS 17440 7
1.2 Assumptions 7
2 Normative referenc 7
3 Terms, definitions and symbols 8
3.1 Terms and definitions 8
3.2 Symbols 11
4 Principles of assessment 13
4.1 Reliability management 13
4.2 Methods of ment 13
4.3 Assessment situations. 13
4.4  Using available information 14
4.5 Updating available information 14
4.6  Structures with new elements and retained elements 14
4.7  Assessment of heritage structures 14
I 5 Assessment process 15
5.1 General 15
5.2 Initiating the assessment 15
5.3 Agreeing the assessment scope and objectives 15
54  Developing the assessment approach 17
5.5 Establishing the structural condition 17
5.6 Undertaking the ment 19
5.7 Reporting the assessment findings 20
| 6 Assessment by calculation 20 I
BT Generar Z
6.2 Assessment of action effects 20
6.3 Assessment of resistances 21
6.4 Verifications 21
7 Basic variables an@ 22
7.1 Generalu 22
7.2 Geometrical data 23
7.3 Actions and environmental influences 23
7.4  Material and product properties 26
8 Structural modelling, updating and analysis. 28
8.1 Structural layout and boundary conditions 28
8.2 Structural analysis principles 28
i i 28
8.4 Testing and monitoring 29

1€591.010.30

English Version

Assessment and retrofitting of existing structures

Evaluation et rénovation des structures existantes Bewaertung und Ertiichtigung von bestehefs
Tragwerken

This Technical Specification (CEN/TS) was approved by CEN on 3 May 2020 for provisional application,

The period of validity of this CEN/TS Is limited initially to three years, After two years the members of CEN will be requested to
submit their comments, particularly on the question whether the CEN/TS can be converted into a European Standard. 5

CEN members are required to announce the existence of this CEN,/TS in the same way as for an EN and to make the CEN fT6
available promptly at national level in an appropriate form. It is permissible to keep conflicting national standards in forg (in
parallel to the CEN/TS) until the final decision about the possible conversion of the CEN/TS into an EN is reached. -

CEN members are the national standards bodies of Austria, Belgium, Bulgaria, Croatla, Cyprus, Czech Republic, Denmark{ Estonia,
Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway,
Poland, Portugal, Republic of North Macedonia, R Serbia, Slovakia, Slovenia, Spain, Swed i L Turkey b
United Kingdom. g

f

. — |

EUROPEAN COMMITTEE FOR STANDARDIZATION
COMITE EUROPEEN DE NORMALISATION
EUROPAISCHES KOMITEE FUR NORMUNG

> be used

Docur

CEN-CENELEC Management Centre: Rue de la Science 23, B-1040 Brussels

®2020CEN Al rights of exploftation in any form and by any means reserved Ref. No. CEN/TS 17440:2020 E
warldwide for CEN national Members.
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EUROCODE DEVELOPMENTS

— Content CEN/TS 17440
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9 Verifications.

921 General

9.2 Verification Methods .. s sessss s isms s sss s s sas s s s sassssssss s sassss

9.3 Partial factor method

9.4  Assessment value method 32
9.5 Probabilistic method 33
2.6 Risk method 33
10 Assessment based on past performance 34
11 Interventions 35
11.1 Developing proposals for interventions based on the results 35
112 1 diate interventions 36
Annex A (informative) Flowchart of assessment processes and interventions.......uuusme: 37
A1 Use of this informative Annex 37
A2 Scope and field of applicati 370
Annex B (informativei Updating procedures | 39%
B.1  Use of this informative annex. 392
B.2  Scope and field of application 39%
B.3  Updating the basic variables 39
B4  Updating the f'][']um probabilities 42%
Annex C (informative)§ Target reliability and partial factors ! 43&J
Cc1 Use of this Informative Annex 43=
C.2 Scope and field of application 43%
C3 Target reliability 438
C4  Partial factors. ... ME
Annex D (informative}] Assessment of heritage structures ¥ 4%
D.1  Use of this Informative Annex 47
D.2  Scope and field of application 47*
D.3  Principles of 47%
D.4 A process 47 S
D.5 Assessment based on past performance 48§
D.6  Structural modelling and lysi 48%
D.7  Verification 495
D.8  Interventions 49%
Bibliography 505
(=

documentotion

| g the (5.2) ]
[ Agreeing the scope and objectives (5.3) |
[ L the approach (5.4) ]
Key activitiss:
*  Identifying and reviewing reievant | Undertaking ition survey (5.5.2) |

Reviewing findings of the condition

survey

Identifying and updoting basic

variobies 0s needed

Undertaking preliminary assessment {5.6) ]

Undertaking preliminary structural C Jcating need for §

onalysis and reviewing the findings

Undertoking verifications

inter ions (11.2)

where needed

Key gctivities:
*  Considering conclusion of

preliminary assessment

Undertaking further structural investigations (5.5.3) -
where needed

[ Developing the of

54|

ing detailed
search and review

ing findings of

Undertaking detailed

(5.6.2) ]

survey and further structurai
investigations where needed | Checking plausibility of s T ihe ]7

Updating basic variobies

Updating structuraf analysis

Undertoking verificotions

(5.6.3)

C icating need for i
where needed

12 |

| Reporting assessment findings (5.7) |

I

as needed (11.1) ]

Figure A.1—Typical assessment process

But all information rather general (and even more vague) !
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EUROCODE DEVELOPMENTS

— FprEN1992-1-1 ‘Eurocode 2 - Design of concrete structures - Part 1-1 General rules and
rules for buildings, bridges and civil engineering structures’ (voted, published at European

level, applicability in Belgium expected end 2027)
= Annex | (informative): Assessment of Existing Structures

= Annex J (informative): Strengthening of Existing Concrete Structures with CFRP

GHENT
UNIVERSITY

Annex I (informative) Assessment of Existing Structures.....c.msssmm. 299
I.1 Use of this aNNeX s s s s 299
1.2 Scope and field of application ... ——————=———_——_ 299
1.3 ] 1) 1 299
1.4 Basis 0f ASSE@SSIMENT ..o sssss s s s sssssssssssss s sssssssssssssssesssassssnsns 300
L5 L B =) o P ) 302
1.6 Durability - Minimum cover for bond ... 304
L7 Structural analysis s ——————————————————_. 305
1.8 Ultimate Limit States (ULS) . ssssssssssssssssssssssssssssssssssssns 305
1.9 Serviceability Limit States (SLS) . ssssssssssssssssasss 312
1.10  EE o . R 313
.11 Detailing of reinforcement and post-tensioning tendons .......ccccevmrnnssmsmesese. 313
1.12 Detailing of members and particular rules - Minimum reinforcement rules........... 317

But all information rather general (and even more vague) !
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EUROCODE DEVELOPMENTS

— FprEN1992-1-1 ‘Eurocode 2 - Design of concrete structures - Part 1-1 General rules and
rules for buildings, bridges and civil engineering structures’ (voted, published at European
level, applicability in Belgium expected end 2027)

= Annex | (informative): Assessment of Existing Structures
o Mostly general information
o More detailed technical information on:
v (limited) information on adjusted partial factors for concrete based on measured

CoV

Estimation of concrete strength based on measurements

Estimation of steel strength based on measurements

Shear and punching shear resistance in existing structures

Adjusted calculation of anchorage lengths in existing structures

AN N NN

GHENT
UNIVERSITY
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INTERNATIONAL DEVELOPMENTS

Current and immediately future situation:
most detailed technical information can be found in
fib bulletins and soon in the new fib Model Code 2020*

* voted; publication expected 2024

GHENT
UNIVERSITY
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THE CHALLENGE
OF STRUCTURAL ASSESSMENT OF
EXISTING CONCRETE STRUCTURES

UNIVERSITY



ASSESSMENT OF EXISTING CONCRETE STRUCTURES

1. Alternative structural models for deteriorated
structures are needed

2. Additional measurements can be made in order to
reduce the uncertainty

3. [Expensive interventions in order to increase safety
levels = lower safety levels might be acceptable

4. Remaining working life and reference period ><
reference period 50 years

N
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Uncertainties about
amount and quality of

P>

,sé'»"f\ W reinforcement Uncertainties about the mechanical :
e e S behaviour of degraded concrete e

- Variations in e
corrosion degree

Spatial variability

Uncertainties about the
. occurance and
magnitude of spalling

Variations in
concrete cover

Uncertainties and variations
in the environment



FIB DEVELOPMENTS
STRUCTURAL SAFETY OF EXISTING
CONCRETE STRUCTURES
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REQUIREMENTS FOR A PARTIAL FACTOR METHOD
FOR THE ASSESSMENT OF EXISTING CONCRETE
STRUCTURES 7

v' Coherent

v’ Easy-to-use

v’ Straigthforward

v' Compatible with the framework of the Eurocodes

v' Enabling to account for alternative safety levels, remaining
working life, reference period and additional information and
not bound to specific choices for them

GHENT
UNIVERSITY 22



FIB BULLETIN 80

—_
[T

GHENT
UNIVERSITY

Lifetime-based verification of non-degrading concrete structures

Partial factor methods for
existing concrete structures

Contents

Scope of application
2 List of symbols and definitions

3 Background and motivation for alternative target
reliability levels for existing structures

Partial factor methods for existing concrete structures
5 Numerical validation
5 Discussion
7 Application example
8 References
Annex A: Background information on probabilistic models
Annex B: Background information on the clibration of the adjusted
partial factor method

Fédération internationale du béton

International Federation for Structural Concrete 155N 15623610
e b ternatonal org ISEN 978.2.88794.120.5

80

Partial factor methods for existing concrete structures

|
1
T u-@. = e

Partial factor methods for
existing concrete structures

Recommendation

23



FIB BULLETIN 80 - CONTENT

1. Introduction and scope of application

List of symbols and definitions

Background and motivation for alternative target reliability levels for existing

structures

Partial factor methods for existing structures

Numerical validation

Discussion

Application examples

References

Annex A - Background information on probabilistic models

O Annex B - Background information on the calibration of the adjusted partial factor
method
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A SAFETY LEVEL FOR EXISTING STRUCTURES

costs new costs eXIStI n g
A A
N \
P:D :
Chuid Couitg
3.8 3.8-x
human safety human safety

Economical arguments and human safety limits

| )
1

— \) decisive for small reference periods

GHENT
UNIVERSITY




FIB MODEL CODE 2020 — DEGRADATION: TIME-

DEPENDENT EVALUATION |

N
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UNIVERSITY
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FIB MODEL CODE 2020 — USE OF DIFFERENT

REFERENCE PERIODS

Design of new structures

Reference period t,; = 50 years
Target reliability index Bigget

Assessment of deteriorating structures

I > Resistance changes over time

=>» Quantifying P; for t,; = 50 years is not easy to interpret
—> move to verifications with t = 1 year

GHENT
UNIVERSITY
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HIGHLIGHTS
FIB MODEL CODE 2020
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HIGHLIGHTS MODEL CODE 2020

Consistent approach with differentiation to new and existing structures

« Substantial costs of interventions on existing structures in order to increase performance
levels
- Remaining working life and reference period often smaller than design life of 50 years
Adjusted target performance levels in assessment to be considered
‘ Adjusted reference period in assessment to be considered

« Testing, inspection and monitoring can be done in order to increase Knowledge Level
‘ Adjusted treatment of uncertainties to be considered

» Adequate structural models for existing (e.g. deteriorated) structures are needed
‘ Adjusted treatment of uncertainties to be considered

1w Major changes!
GHENT
UNIVERSITY 29



HIGHLIGHTS MODEL CODE 2020

Establishing the performance criteria

Establishing concept of design,
execution & through-life management and care

v

v

v

v

v

v

Evaluation by
Risk-informed
format

Evaluation by
Reliability-based
format

Evaluation by
Partial factor
format

Evaluation by
Global resistance
format

Evaluation by
Deemed-to-satisfy
format

Evaluation by
Avoidance of
deterioration

GHENT
UNIVERSITY

v

Execution specification
Maintenance plan

Condition assessment plan

v

Execution of the structure

v

Inspection of execution

v

Maintenance

Condition assessments during service life

30

In the case of non-conformity



PRINCIPLES OF STRUCTURAL

PERFORMANCE VERIFICATION FOR EXISTING

S TRUCTURES

GHENT

v
SUBSTANTIAL COSTS OF
INTERVENTIONS on existing "
structures in order to increase
performance levels

|

ADJUSTED TARGET IN
ASSESSMENT

v
REMAINING WORKING LIFE often smaller than 50
years i

ADJUSTED REFERENCE PERIOD IN
ASSESSMENT

UNIVERSITY

A

4

i
DETERIORATION MECHANISMS are
to be taken into account

i

Assessment assisted by adequate
models (incl. NLFEA)

TESTING, INSPECTION AND MONITORING can be done in order to increase

KNOWLEDGE LEVEL

UPDATING BASIC VARIABLES RELATED TO MATERIAL CHARACTERISTICS
UPDATING ASSESSMENT VALUES OF BASIC VARIABLES

UPDATING RELIABILITY LEVEL

UPDATING OF ACTION EFFECT MODELS

UPDATING OF RESISTANCE MODELS

UPDATING ACTIONS MODELS

31



STRUCTURAL ASSESSMENT LEVELS

Level of Approximation approach

» A strategy to model the behaviour of structures where the accuracy of the estimate of a structural member’s response
(e.g. resistance, deformation or deterioration) can be, if necessary, progressively refined through a better
representation of the phenomena and/or a better estimate of parameters involved in the analysis by models.

* Higher LOA models might require more accurate information to assess model parameters. Therefore, when
selecting LoA level for the analysis the minimum demands for the information should be elaborated.

—)

S LoA IV: Most sophisticated / accurate analytical method
= LoAI: Simplest analytical / most conservative methods * LoAIV : fit for the assessment of critical existing structures &
§ design of s.pec1a.l cases _ o
S LoA * LoAIIl: fit for in-depth elemental evaluation of existing
s v structures & design of special cases
> * LoAIl: fit for typical elemental design & assessment
e i . . . :
o * LoAT: fit for preliminary design & assessment, non-governing
3 I limit state
Z I
<
Time / effort devoted to analysis m—
N
i fib Model Code 2020 - Accuracy on the estimate of the actual behaviour as a function of time devoted to the analysis for various levels-of-approximation
GHENT

UNIVERSITY 32



STRUCTURAL ASSESSMENT LEVELS

MC2020 provisions for assessment cover :

» Existing structures without deterioration
Principally the same behavioural models apply as for new
structures: if concrete strength and steel properties are known
the determination of the bearing capacity can be carried out,
taking advantage of the LoA approach (?)

Structural assessment

Qualitative Quantitative
assessment assessment

Measurement- Model-based

L. . ) ] based assessment assessment
» Existing structures with deterioration

Principally the same basic behavioural models as for new

Level AVLO Level AVL1

Level AVL2

Level AVL3

Level AVL4

Level AVL5

structures o.nIy adJUSted to mCIU_d_e the effect of deteno_ratom on Experience Direct Assessment | Assessment | Assessment | Probabailistic
the mechanism. Therefore, additional parameters are included. based assessment | of safety and | of safety and | of safety and | assessment
determination of serviceability | serviceability | serviceability | of safety and
« Existing structures with non-compliant detailing of serviceability | usingsimple | usingrefined | with modified | serviceability
fo : : deterioration | valuesfrom | modelsand | model-based structure- with
Pr|n0|pally the Sam_e_ basic pehakural models as for new and damage measured data from methods and specific advanced
structures with additional/different values of parameters to effects after | load effects | documents | datafrom | partial factors | models and
include effect of non-compliant details. Visust fests, | sndcetiront | ttarron
inspection monitoring tests, tests,
The structural assessment process is commonly taken forward Bies '“°"e'::’""9 "‘°’:::""g

using an incremental approach

Preliminary Assessment Detailed Assessment

GHENT
UNIVERSITY 33



Objectives

Data
acquisition

Reliability  Structura

verification

| analysis

STRUCTURAL ASSESSMENT LEVELS

Level AVL1 Level AVL2 Level AVL3
. . Level AVL4 Level AVL5
Measurement-based Partial-factor method based Partial-factor method based . .
.. . Assessment with structure- Full probabilistic
determination of load on document review and on supplementary e .
. . . L specific partial-factors assessment
effects inspection investigation
* Control of structural  Preliminary assessment after ¢ Determination of load carrying < Adapting partial-factor values e+ Determination of load carrying
performance over reference extreme load damage or after  capacity and residual service based on additional capacity and remaining service
period deterioration damage life of damaged / deteriorated information life taking account of existing
» Ensure selected performances < Determination of safety and structures uncertainties
remain within defined bounds serviceability for utility
» Control of variable actions changes
» Codes, project specifications, ¢ Load & resistance data from ¢ In-depth review of action * In-depth review of action * In-depth review of action
etc design documents & codes, effects and/or material effects and/or material effects and/or material
» Determination of load effects etc properties properties properties
by measurement of structure ¢ Surveys, inspections » Survey / investigation of  Survey / investigation of  Survey / investigation of
performance under service or material properties & material properties and material properties and
proof loading conditions dimensions etc dimensions, etc dimensions
» Monitoring / test-based system < Monitoring / test-based system ¢ Monitoring / test-based system
identification identification identification
 Load monitoring * Load monitoring * Load monitoring
* Proof load tests * Proof load tests * Proof load tests
« Statistical characteristics of
data
» None undertaken » Methods and models as used < Refined methods and models ¢ Refined methods and models ¢ Advanced models and
in the design process (FEM, Nonlinear analysis) (FEM, Nonlinear analysis) methods — stochastic FEM
* Refined models (eg » Adaptive FEM models * Adaptive FEM models models
deterioration)
» Comparison of measured data e« Partial-factor methods « Partial-factor methods « Partial-factors adjusted for the < Probabilistic methods,
/ results with threshold values structure under investigation simulation methods

* Analysis of trends &
correlations with external
influences

* Possibly risk optimisation



HIGHLIGHTS MODEL CODE 2020

Testing, inspection and monitoring in order to increase Knowledge Level

* Model Code 2020 recommends verification assisted by testing, inspection and monitoring with due
consideration of :

i
GHENT

UNIVERSITY

Value of information

Extent of surveys, testing and monitoring activities

Tools and techniques for surveys and monitoring

General flow of condition survey process

Data evaluation and statistical analysis of the results

Updating of performance prediction
o Consideration of information from (e.g. condition) survey in quantifying governing uncertainties
o Consideration of past performance as evidence of suitability for future performance
o Consideration of proof loading of structures as means of conformity evaluation

Major changes!
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HIGHLIGHTS MODEL CODE 2020

Consistent approach with differentiation to new and existing structures

Adequate structural models for existing (e.g. deteriorated) structures are needed
‘ adjusted treatment of uncertainties to be considered

Major changes!

Safety formats for estimating the resistance with NLFEA.
R %
I: Partial Factors Method Ry = M
¥rd
0. 0.1 0 0.1 0.2, R
k= NLFEA,
""""""""""""""""""" Il: Global Factor Method Ry=—=""%
YR¥Rd
Ill: Sampling-based Method P(ORyLrea(x) < Rg) = @ (—agrf)
____ Verification assisted by NLFEA to be included in MC2020 e moceling uncertainty, which represents the accuracy of the selected solution strategy in predicting
— the capacity, should be properly accounted for before conclusions are drawn based on the analysis
"""l results
GH ENT * for | & II, the partial factor for modelling uncertainty (yrq) should be appropriately assessed or updated.
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DATA-INFORMED ASSESSMENTS OF
STRUCTURAL PERFORMANCE

Verification of structural safety by proof loading , load effect
« Basic principles
» Conversion of target limit state to proof load
« Effect of spatial variability
» Loading procedure
» Stop-criteria
» Acceptance criteria

I 2 P

O

stop criteria

Target experiment
reached not reached
(P < th) (P, > thJ

target target

Loading procedure
stop at P stopatP,

target

UNIVERSITY



STRUCTURAL SAFETY
IN
FIB MODEL CODE 2020
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HIGHLIGHTS MODEL CODE 2020

Model Code 2020 recommends
principles of probabilistic
structural limit state design with a
possibility for differentiating the

reliability level:

* B, - level indicating desired
reliability for design of new

structures

* B, - level below which the existing
structure is considered unreliable
and should be upgraded

. Bup- level indicating an optimum
upgrade strategy while upgrading of

existing structures

GHENT
UNIVERSITY

Recommended target reliability levels for structural design (ULS)

Annual target B-values for structures to be designed, based on economic optimisation

Relative cost of safety
measure

Consequence Class

CC1 CcC2 CC3
Large (A) 3.1 3.3 3.7
Normal (B) 3.7 4.2 4.4
Small (C) 4.2 4.4 4.7

Informative target reliability indices B for structures to be designed, related to a 50-year

reference period

Relative cost of safety CCH1 CC2 CC3
measure

Normal (B) 3.3 3.8 4.3
Recommended annual target reliability levels for assessment of existing structures
(ULS)

Relative cost of safety CCH1 CcC2 CC3
measure

Large (A) 3.1 3.3 3.7

Recommended target reliability levels for upgrade of existing structures (ULS)

While slightly lower values can be normally justified for ,-levels in comparison to design
target levels, it is common and reasonable to require the compliance with the design
levels when upgrading the structure.




FIB MODEL CODE 2020 — PARTIAL FACTOR FOR
PERMANENT ACTIONS

Permanent load action G

Gq ’
yG=G—z1—aE,B Vir + V7
k

-0.8 1-year B-values
-0.7 50-year p-values

Q
o
1]

Vog = 0.075 in absence of further information
0.1 bending moments
0.05 axial forces

0.1 shear forces > In absence of
further information

|/ = 0.04 self weight
0.1 other type of load Y,

GHENT
UNIVERSITY



FIB MODEL CODE 2020 — PARTIAL FACTOR FOR

VARIABLE ACTIONS

GHENT
UNIVERSITY

Variable load action Q (combination of time-invariant and time-variant components)
_Qu _ Fotrerl®(=agp), tref]
Yo Qx Qx

v N\

Gumbel distributed (imposed, wind and snow): Lognormally distributed (traffic):

Yo = 6" Uo,trer ‘{1 — Vo,trer[0.45 + 0.78 - In(—In CD(_UfEﬁ))]} Yo =& tgrer - eXp(—apfVy trer)

With:
. 6 =1.05 correction factor (6 = 1.10 in case of lifetime-based values)

U = 1, Vo = 0.075 model uncertainty (in absence of further information; more specific
information, see previous slide and MC2020 drafts)
Ug,tref = HOE * Hco " Uqtref

Vo tref = \/ Vig + Véo + Vi trer
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FIB MODEL CODE 2020 — PARTIAL FACTOR FOR

MATERIAL PROPERTIES

Material partial factors gy,

Ry exp(—1.645V;,)
R

Ym

HorUallneXp <_aR,8\/V92R + V7 + V772 + Vf2x>
With:
. ap = 0.7 1-year f-values
0.8 50-year p-values
For y. (in absence of further information)
" ugr = 1.02, Vyr = 0.07 (crushing)
= u,=1,V, =004
" u, =095,V =0.12 (design) or u, = 1, 1, = 0 (assessment; incorporated in V. if measured)
* V¢ = 0.1 for in-situ concrete, V¢, = 0.06 for precast concrete
For ys (in absence of further information)
" ugr = 1.09, Vg = 0.045 (bending)
= u, =0.95,V, =0.05
= uy =1,V, =0 (not applicable for steel reinforcement)
=V, =0.045

GHENT
UNIVERSITY
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FIB MODEL CODE 2020 — PARTIAL FACTORS
(SUMMARY)

Variable Partial factor yy
Material property* R, exp(—1.6 45V, )
(lognormal) Yu =g
* Honttaky exp (~anp (Ve + V2 + Vi +V7)
Permanent action 6y . .
(normal) Yo =5 M 1-asByVig +V;

Variable action Gumbel distributed when time-variant components are dominant**:

Yo = o2 ¥ 8 X Hg.rer X {1 = Vorrep[0.45 +0.78 In(~ In ®(~atz )]}
Lognormal distributed when time-invariant components are dominant™**;
Q
Yo = Q_z ~ 8 X U trof X exp(—aEpVQ.tref)

with:
luQ.tref ~ Heog X Heo X Juq.tref

VQ.tref RS JVBZE + VC‘ZO + th.tref

* In the design situation for reinforcement or in the general assessment situation u, and 7, are
disregarded
— ** Commonly used for climatic and imposed loads
w **%  Commonly used for traffic loads
GHENT *#%* 4 is a correction factor for imprecision of the approximation; equal to 1.0 for design and 1.05 for

UNIVERSITY assessment



FIB MODEL CODE 2020 — PARTIAL FACTORS

(SUMMARY)

Table 5: Statistical characteristics of components of material properties and permanent actions

Symbol | Distr. | Variable Bias CoV
W/ Xy) | (V)

Or LN Resistance model Failure mode: bending** 1.09 0.045
uncertainty* Failure mode: crushing of column*** 1.02 0.07

(3 LN Load effect model uncertainty* 1.0 0.075
a LN Geometrical Design Concrete section area*** 1 0.04
property* Effective depth** 0.95 0.05

Assessment | Concrete section area*** 1 0.015
Effective depth** 1 0.01
f LN Material Concrete*** ok 0.10

Steel** FEEE 0.045
n LN Conversion factor in-situ cast concrete 0.95 0.12
G N Permanent load Self-weight 1.0 0.04
effect Other imposed loads 1.0 0.10

—_ *xk

GHENT
UNIVERSITY RS

e ok

In absence of further information
Considered for y;

Considered for .
The characteristic value is based on the 5% fractile of the distribution
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FIB MODEL CODE 2020 — PARTIAL FACTORS
(SUMMARY)

Table 2 Indicative statistical characteristics of selected variable loads for various reference periods
(considering Gumbel distributions)

Variable load Ref. period Bias (1g/Ox) [-] CoV (Vo) [-]
Imposed (Qimp) 1 year * 0.2 1.1
50 years 0.59 0.37
Basic wind speed (vb) 1 year 0.72 0.15
50 years 1.05 0.10
Time-variant components Basic wind pressure (W = v’) 1 year 0.6 0.32
50 years 1.19 0.16
Hatref Vres Road traffic () 1 year 0.73 0.075
50 years 0.90 0.061
Ground snow load (S) 1 year 0.37 0.65
50 years 1.11 0.22

* This value corresponds to the values of a 5-year period for imposed loads, as it is commonly considered that the
load is fully correlated over this period of time.

Table 3  Indicative statistical characteristics of the time-invariant component of selected variable
loads (considering normal or lognormal distributions)

Variable load Bias (ttcop/Cogx) [-] | CoV (Vaog) [-]
Time-invariant components Imposed (Cogimp) 1 0.1
[T Wind (Cow) 0.65 0.3
GTNT tco Veo Road traffic (Cor) 1 0.1
UNIVERSITY Snow (Cos) 0.8 0.2 45




FIB MODEL CODE 2020 — PARTIAL FACTORS (IN
ABSENCE OF ADDITIONAL INFORMATION)

CCl CcC2 CC3
EN1990 Ve 1.5 L.5 1.5
Design Vs 1.15 1.15 1.15
pie 1.22 1.35 1.49
Yo 1.35 1.5 1.65
MC2020 Ve 1.4 L.5 1.6
Design Normal uncertainty* 1.1 1.15 1.175
lrer=50y Vs Higher execution quality** 1.05 1.075 1.1
Measurements executed*** 1.0 1.05 1.05
Ve = 0.04 (self-weight) 1.2 1.25 1.25
76 [V,=0.1 (other loads) 1.3 1.35 1.4
Imposed™**** 1.3 1.5 1.7
Wind 1.6 1.85 2.1
72 |[Road traffic 1.25 1.3 1.4
Snow 1.75 1.95 2.2
MC2020 Vi = 0.08 (core tests executed) 1.1 1.125 1.15
Assessment Ve Vi = 0.15 (no core tests) 1.1 1.15 1.2
Ler=1y Normal uncertainty* 1.075 1.075 1.1
Cost of safety /s Measurements exec,*** 0.975 1.0 1.0
measure: Large (A) V, = 0.04 (self-weight): Vg = 0.025%*** | | 125 1.125 1.15
\ Ve = 0.04 (self-weight); Vg = 0.075 1.2 1.225 1.25
76 [V, =0.1 (other loads); Vee = 0.025%*** | 125 1.275 1.3
—_ V.= 0.1 (other loads); Vg = 0.075 1.3 1.325 1.375
LT Tmposed* **** 1.0 1.075 1.25
GHENT yo | Wind 1.05 1.15 1.3
UNIVERSITY Road traffic 1.05 1.075 1.15
Snow 1.05 1.15 1.35




LIFE CYCLE &
SUSTAINABILITY IN
FIB MODEL CODE 2020
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LIFE CYCLE PERSPECTIVE IN MC 2020

Decomposition of
requirements

( High level

A
0 ") —
)] c 7)) c c =
E o = g (@) c o o) )
3 == S 2= 5 QP = £
= o @ = c o = © > o o 2
) (7)) 9 < © @) Q ' = > O 6 » = F---- > = F---- )
- O = © = 2 o S o c D
= Qo = = X Q E 2 ] © o
S 3= O o > o + c e
(o 8_ ) 8_ — LLl O n o D
9_) ) > ) qc—) O ()]
. T
I
1
|
. fib MC 2020:
Conceptual design & i . strucfculral pt:rformanCtIa gva_luatior:jframework— Ch.11
Development of design ot grr:nlczlp es of structural design and assessment —
| :
i < evaluation of structural performance — Ch.30
i =evaluation of other aspects of social performance —
» Validations |« ---------od ChSL _
« evaluation of environmental performance — Ch.32
« evaluation of economic performance — Ch.33
* balanced evaluation of performance of a structure
for three pillars of sustainability as a whole — Ch.34
_ » execution management — Ch.35
m « construction works management — Ch.36
GHENT « performance management through life cycle — Ch.37
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PRINCIPLES OF SUSTAINABILITY-DRIVEN
PERFORMANCE-BASED APPROACH IN MC 2020

Primary objectives of society at strategic level:
policy objectives, prevailing legislation, administrative
agreements

Higher-level suitability-oriented performance
requirements of owners & stakeholders (Tier 1)

Societal incl.

Economic
structural

Environmental

' N
Conceptual Design / Re-design tasks A Decomposition of performance requirements into
strategies, technical schemes & performance
( ) Design new structure Adopt existing structures g ’ . . P
specifications
& Candidate solution Candidate solution Tier 2 : Designers, technical consultants, & other
_g 5 evaluation evaluation professionals
2T g Tier 3 : Contractors
£ % © - % Tier 4 : Material suppliers & manufacturers
5 0 S Life-Cycle Management tasks TieF i :
L S ‘g \_ . eswans )
g o 5 Design / re-design
S -
= '5 E Execution (construction / interventions)
o5t
?'5 8 = Commissioning (birth / re-birth certificate)
Q = : : Revised in-service performance requirements during
o Assessment Conservation Interventions . ; ] X . .
2 operation, including adoption and extension of service
Decommissioning (deconstruction / demolition) life
-/
Circularity of resources incl. reuse & recycling




CONCLUDING COMMENTS FIB MC2020

MC2020 outcomes include:

» Improved technical guidance for:
» Design / execution / conservation of new concrete structures
» Assessment / adaptation / conservation of existing structures (including interventions)

« These capabilities, combined with improved abilities to undertake appropriate interventions upon
deteriorating structures, are critical to extending the useful life of concrete structures and/or
upgrading them to satisfy existing or revised (increased) performance requirements

GHENT
UNIVERSITY

50



THANK YOU FOR YOUR ATTENTION !

Prof. dr. ir. Robby CASPEELE
Structural Reliability

DEPARTMENT OF STRUCTURAL ENGINEERING AND BUILDING MATERIALS
www.ugent.be/ea/structural-engineering

E Robby.Caspeele@ugent.be
T +32 9 264 55 23

—_

LTI}

GHENT h FACULTY OF ENGINEERING
UNIVERSITY Al | AND ARCHITECTURE



