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…
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fib bulletin 34 “Model Code for Service Life 
Design”  

fib bulletin 76 “Benchmarking of 
deemed-to-satisfy provisions in 

standards” (published 2016)  

FIB BULLETINS ON SERVICE LIFE DESIGN
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fib bulletin 22 “Monitoring and safety
evaluation of existing concrete structures”  

fib bulletin 59 “Condition control and 
assessment of reinforced concrete structures”  

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

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

FIB BULLETINS ON ASSESSMENT OF EXISTING STRUCTURES
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fib bulletin 109 “Existing concrete structures
life management, testing and structural
health monitoring” (coming soon)

FIB BULLETINS ON ASSESSMENT OF EXISTING STRUCTURES

5



EVOLUTION OF FIB MODEL CODES FOR 
STRUCTURAL CONCRETE
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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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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’

̶ 2023: establishment of CEN/TC250/SC10/WG4 for development of EN1990-2 ‘Eurocode —

Basis of structural and geotechnical design — Part 2: Assessment of existing structures’



EUROCODE DEVELOPMENTS
̶ Content JRC report

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

2 Assessment and retrofitting of existing structures 

3 CEN/TC250 initiative / Mandate 515 

4 Approach to execution of the Mandate

References 

Part II: Existing National Regulations and Standards in Europe
CYPRUS (CY)

CZECH REPUBLIC (CZ) 

DENMARK (DK) 

FRANCE (FR) 

GERMANY (DE) 

GREECE (GR) 

IRELAND (IE

ITALY (IT) 

NETHERLANDS (NL) 

SPAIN (ES) 

SWITZERLAND (CH) 

UNITED KINGDOM (UK)
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EUROCODE DEVELOPMENTS
̶ Content JRC report (continued)

Part III: 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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EUROCODE DEVELOPMENTS
̶ Content JRC report (continued)

Part III: Prospect for CEN Guidance
…

4 Investigation and updating 

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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EUROCODE DEVELOPMENTS
̶ Content JRC report (continued)

Part III: 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
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But all information rather general !



EUROCODE DEVELOPMENTS
̶ Content CEN/TS 17440
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EUROCODE DEVELOPMENTS
̶ Content CEN/TS 17440

14But all information rather general (and even more vague) !



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 I (informative): Assessment of Existing Structures

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

15But all information rather general (and even more vague) !



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 I (informative): Assessment of Existing Structures

o Mostly general information

o More detailed technical information on:

 (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 
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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*
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* voted; publication expected 2024



THE CHALLENGE

OF STRUCTURAL ASSESSMENT OF 

EXISTING CONCRETE STRUCTURES



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



Variations in 
corrosion degree

Spatial variability

Variations in 
concrete cover

Uncertainties and variations
in the environment

Uncertainties about the mechanical
behaviour of degraded concrete

Uncertainties about the
occurance and 
magnitude of spalling

Uncertainties about
amount and quality of 
reinforcement

Uncertainties about the
mechanical behaviour of 
corroded reinforcement



FIB DEVELOPMENTS 

STRUCTURAL SAFETY OF EXISTING 

CONCRETE STRUCTURES



 Coherent
 Easy-to-use
 Straigthforward
 Compatible with the framework of the Eurocodes
 Enabling to account for alternative safety levels, remaining

working life, reference period and additional information and 
not bound to specific choices for them

REQUIREMENTS FOR A PARTIAL FACTOR METHOD 
FOR THE ASSESSMENT OF EXISTING CONCRETE 
STRUCTURES ?
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Lifetime-based verification of non-degrading concrete structures

FIB BULLETIN 80
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1. Introduction and scope of application

2. List of symbols and definitions

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

4. Partial factor methods for existing structures
5. Numerical validation

6. Discussion

7. Application examples

8. References

9. Annex A - Background information on probabilistic models

10.Annex B - Background information on the calibration of the adjusted partial factor 

method

FIB BULLETIN 80 - CONTENT
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A SAFETY LEVEL FOR EXISTING STRUCTURES

Pf D

Cbuild

β

costs

human safety

3.8

Pf D

Cbuild

β

costs

human safety

3.8-x

Economical arguments and human safety limits

new existing

decisive for small reference periods



FIB MODEL CODE 2020 – DEGRADATION: TIME-
DEPENDENT EVALUATION !
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Design of new structures

Reference period tref = 50 years
Target reliability index βtarget

Assessment of deteriorating structures

Resistance changes over time 
 Quantifying Pf for tref = 50 years is not easy to interpret

 move to verifications with tref = 1 year

FIB MODEL CODE 2020 – USE OF DIFFERENT 
REFERENCE PERIODS
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HIGHLIGHTS
FIB MODEL CODE 2020



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

29

Major changes!



HIGHLIGHTS MODEL CODE 2020

30

Establishing the performance criteria

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

Evaluation by 
Reliability-based 

format

Evaluation by 
Partial factor

format

Evaluation by 
Deemed-to-satisfy

format

Evaluation by 
Avoidance of 
deterioration

• Execution specification 
• Maintenance plan
• Condition assessment plan

Execution of the structure

Inspection of execution

Maintenance Condition assessments during service life
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Evaluation by 
Risk-informed 

format

Evaluation by 
Global resistance

format



PRINCIPLES OF STRUCTURAL 
PERFORMANCE VERIFICATION FOR EXISTING 
STRUCTURES
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EXISTING
STRUCTURES

REMAINING WORKING LIFE often smaller than 50 
years

ADJUSTED REFERENCE PERIOD IN 
ASSESSMENT

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

ADJUSTED β TARGET IN 
ASSESSMENT

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

DETERIORATION MECHANISMS  are 
to be taken into account

Assessment assisted by adequate  
models (incl. NLFEA) 



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.
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 LoA I:    Simplest analytical / most conservative methods 

          

       LoA   

       IV   

       III   

       II   

       I   

  Time / effort devoted to analysis 

 

• LoA IV : fit for the assessment of critical existing structures  & 

design of special cases 

• LoA III : fit for in-depth elemental evaluation of existing 

structures & design of special cases

• LoA II : fit for typical elemental design & assessment

• LoA I : fit for preliminary design & assessment, non-governing 

limit state

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



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 (?)

• Existing structures with deterioration
Principally the same basic behavioural models as for new 

structures only adjusted to include the effect of deterioratoin on 

the mechanism. Therefore, additional parameters are included.

• Existing structures with non-compliant detailing
Principally the same basic behavioural models as for new 

structures with additional/different values of parameters to 

include effect of non-compliant details.

The structural assessment process is commonly taken forward 
using an incremental approach
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STRUCTURAL ASSESSMENT LEVELS
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Level AVL5
Full probabilistic 

assessment

Level AVL4
Assessment with structure-

specific partial-factors

Level AVL3 
Partial-factor method based 

on supplementary 
investigation

Level AVL2
Partial-factor method based 

on document review and 
inspection

Level AVL1
Measurement-based 

determination of load 
effects

• Determination of load carrying 

capacity and remaining service 

life taking account of existing 

uncertainties

• Adapting partial-factor values  

based on additional 

information

• Determination of load carrying 

capacity and residual service 

life of damaged / deteriorated 

structures

• Preliminary assessment after 

extreme load damage or after 

deterioration damage

• Determination of safety and 

serviceability for utility 

changes

• Control of structural 

performance over reference 

period

• Ensure selected performances 

remain within defined bounds 

• Control of variable actions

O
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• In-depth review of action 

effects and/or material 

properties

• Survey / investigation of 

material properties and 

dimensions

• Monitoring / test-based system 

identification

• Load monitoring

• Proof load tests

• Statistical characteristics of 

data

• In-depth review of action 

effects and/or material 

properties

• Survey / investigation of 

material properties and 

dimensions, etc

• Monitoring / test-based system 

identification 

• Load monitoring

• Proof load tests

• In-depth review of action 

effects and/or material 

properties

• Survey / investigation of 

material properties & 

dimensions etc

• Monitoring / test-based system 

identification

• Load monitoring

• Proof load tests

• Load & resistance data from 

design documents & codes, 

etc

• Surveys, inspections

• Codes, project specifications, 

etc

• Determination of load effects 

by measurement of structure 

performance under service or 

proof loading conditions
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• Advanced models and 

methods – stochastic FEM 

models

• Refined methods and models 

(FEM, Nonlinear analysis)

• Adaptive FEM models

• Refined methods and models 

(FEM, Nonlinear analysis)

• Adaptive FEM models

• Methods and models as used 

in the design process

• Refined models (eg

deterioration)

• None undertaken
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• Probabilistic methods, 

simulation methods 

• Possibly risk optimisation

• Partial-factors adjusted for the 

structure under investigation

• Partial-factor methods• Partial-factor methods• Comparison of measured data 

/ results with threshold values

• Analysis of trends & 

correlations with external 

influencesR
el

ia
bi

lit
y 

ve
ri

fic
at

io
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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 :

• 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 

35

Major changes!



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 

Verification assisted by NLFEA to be included in MC2020

36

Major changes!



DATA-INFORMED ASSESSMENTS OF 
STRUCTURAL PERFORMANCE
Verification of structural safety by proof loading

• Basic principles

• Conversion of target limit state to proof load

• Effect of spatial variability

• Loading procedure

• Stop-criteria

• Acceptance criteria

37



STRUCTURAL SAFETY
IN
FIB MODEL CODE 2020



HIGHLIGHTS MODEL CODE 2020

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

• βnew - level indicating desired 
reliability for design of new 
structures 

• β0 - level below which the existing 
structure is  considered unreliable 
and should be upgraded

• βup - level indicating an optimum 
upgrade strategy while upgrading of 
existing structures

39

Recommended target reliability levels for structural design (ULS)

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

Consequence ClassRelative cost of safety

measure
CC3CC2CC1

3.73.33.1Large (A)

4.44.23.7Normal (B)

4.74.44.2Small (C)

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

reference period

CC3CC2CC1Relative cost of safety

measure

4.33.83.3Normal (B)

Recommended annual target reliability levels for assessment of existing structures 
(ULS)

CC3CC2CC1Relative cost of safety

measure

3.73.33.1Large (A)

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

While slightly lower values can be normally justified for βup-levels in comparison to design 

target levels, it is common and reasonable to require the compliance with the design 

levels when upgrading the structure.



Permanent load action G
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With:

 
� = -0.8   1-year �-values

-0.7   50-year �-values

 
�� =       0.075 in absence of further information

0.1     bending moments

0.05   axial forces

0.1     shear forces

 
� =       0.04   self weight

0.1     other type of load

In absence of 
further information

FIB MODEL CODE 2020 – PARTIAL FACTOR FOR 
PERMANENT ACTIONS
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Variable load action Q (combination of time-invariant and time-variant components)

�� �
��

��

�
��,����

�� Φ 	
�� , ��� 

��

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

�� � ! · #�,���� · 1 	 
�,���� 0.45 � 0.78 · ln -	 ln Φ-	
��..   �� � ! · #�,���� · exp -	
��
�,����.

With:

 ! � 1.05 correction factor (! � 1.10 in case of lifetime-based values) 

 #�� � 1, 
�� � 0.075 model uncertainty (in absence of further information; more specific
information, see previous slide and MC2020 drafts)

 #�,���� � #�� · #23 · #4,����

 
�,���� � 
��
� � 
23

� � 
4,����
�

FIB MODEL CODE 2020 – PARTIAL FACTOR FOR 
VARIABLE ACTIONS
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Material partial factors gM

�5 �
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�
exp 	1.645
�8

#�9#:#;�<= 	
9� 
�9
� � 
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� � 
;
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�8
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With:

 
9 = 0.7   1-year �-values

0.8   50-year �-values

 For �2 (in absence of further information)
 #�9 � 1.02, 
�9 � 0.07 (crushing)

 #: � 1, 
: � 0.04

 #; � 0.95, 
; � 0.12 (design) or #; � 1, 
; � 0 (assessment; incorporated in 
�@ if measured)

 
�@ � 0.1 for in-situ concrete, 
�@ � 0.06 for precast concrete

 For �A (in absence of further information)

 #�9 � 1.09, 
�9 � 0.045 (bending)
 #: � 0.95, 
: � 0.05

 #; � 1, 
; � 0 (not applicable for steel reinforcement)

 
�B � 0.045

FIB MODEL CODE 2020 – PARTIAL FACTOR FOR 
MATERIAL PROPERTIES
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FIB MODEL CODE 2020 – PARTIAL FACTORS 
(SUMMARY)
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FIB MODEL CODE 2020 – PARTIAL FACTORS 
(SUMMARY)
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#23

#4,����


23


4,����

Time-variant components

Time-invariant components

FIB MODEL CODE 2020 – PARTIAL FACTORS 
(SUMMARY)
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FIB MODEL CODE 2020 – PARTIAL FACTORS (IN 
ABSENCE OF ADDITIONAL INFORMATION)
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LIFE CYCLE & 
SUSTAINABILITY IN
FIB MODEL CODE 2020



LIFE CYCLE PERSPECTIVE IN MC 2020 
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Conceptual design & 
Development of design
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fib MC 2020:
• structural performance evaluation framework – Ch.11
• principles of structural design and assessment –

Ch.12 
• evaluation of structural performance – Ch.30
• evaluation of other aspects of social performance –

Ch.31
• 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
• construction works management – Ch.36
• performance management through life cycle – Ch.37



PRINCIPLES OF SUSTAINABILITY-DRIVEN 
PERFORMANCE-BASED APPROACH IN MC 2020 



CONCLUDING COMMENTS FIB MC2020
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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



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


