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Evolution of fib Model Codes for structural concrete

Objective:

Innovative Integration:

Development approach:
Global Recognition:

Joint Effort:
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release model codes that can serve as the basis for future codes for
concrete structures worldwide, reference for the research and
development work, and a resource for professional education

go beyond conventional approaches by incorporating the latest
advancements in concrete technology, reinforcing materials, and
construction techniques

respond to contemporary requirements and broad range of engineering
needs

acknowledge diverse engineering communities worldwide and cater to
regional requirements while maintaining global applicability

reflect collective efforts and expertise of more than 1400 contributors
from 67 countries
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Evolution of fib Model Codes for structural concrete
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Evolution of fib Model Codes for structural concrete
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What has been achieved in fib Model Code (2010)

* A ode, basiallybr nav sructues

« Imped safety formats for new structures

« Design with due regard to service life of structures

« Imped constitutive relations for conventional types of concrete, with due attention to durability aspects
« Wide sope of loading types (static, fatigue, impact, explosion, seismic, fire, cryogenic)

« Steel fibres and non-metallic reinforcement as ne alernties br eibicing once sructues

 Fis itoduction of sustainability

 Fis itoduction of “conceptual design” b simule cetivity

* Fis itoduction of numerical analysis

 Fis itoduction of maintenance strategies for through-life care

fib General Assembly voting on Model Code 2010, Lausanne, October 2011
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Aspiration and challenge of fib Model Code (2020)



Sustainability framework in fib Model Code (2020)

*  MC(2020) adots a sustainability-driven performance-based R
approach to design, execution and life-cycle management
of concrete structures. ﬁ& v

Economic

* The sukinabilitydrien perbrmance-based appoach b design and Social
assessmehseek b ensue thathe structure fulfills the incl. structural /
performance requirements it is gpeced b meethroughout its
full / extended service life cycle. @ ~
]

—

* The essence of the oncepof the perbrmance-based appoach is tha
the requirements which have to be met should be defined,
but not the manner in which this should be done

Susinability is described § means of 3
interdependent pillars on which sustainable
development depends:

social pillar
environmental pillar
economic pillar

m innovation 8
for life
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Performance-based approach supporting sustainability
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Performance-based approach supporting sustainability

Candidate solution
evaluation

Candidate solution
evaluation

Specifications for materials, execution,
conservation, intervention etc

|

-

Life-Cycle Management tasks
Design / re-design
Execution (construction / interventions)

Commissioning (birth / re-birth certificate)

Assessment Conservation Interventions

Decommissioning (deconstruction / demolition)

Circularity of resources incl. reuse & recycling

J
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-

Revised in-service performance requirements during operation,

including adoption and extension of service life
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Principles of structural performance verification

 MC(2020) bllevonsiehappoach b design of na sructues and assessmehof rising sructues with
safety philosophy based on risk and reliability concepts

r

Establishing the performance requirements (original & revised — if amended), constrains etc.
Review LCM scenarios / monitoring results / deterioration mechanisms & progress / performance modelling

Specification for assessment during service life

v v v v v v
Evaluation by Evaluation by Evaluation by Partial Evaluatu?n by Global Evaluation by Evalyatlon by
. . resistance Deemed-to-satisfy Avoidance of
Risk-informed format ||Reliability-based format factor format .
format format deterioration

In the case of non-conformity

Outcomes of assessment

Decision-making for LCM activities
Execution of LCM activities

innovation
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Principles of structural performance verification

RiSing

innovation



Levels-of-Approximation approach

innovation



Principles of structural assessment

MC2020 provisions for assessment cover :

 Existing structures without deterioration
Principally the same behwuioual models apply as br ne $ructues: if
once sengh and &el poperties ae knavn the derminsion of the
bearing apacity an be arried out, 8king adaag of the LoA apppach

(?)

« Existing structures with deterioration
Principally the same basic behwioual models as br na $ructues
only adjued b include the &ct of deriotion on the mechanism.
Thebe additional paames ae included.

« Existing structures with non compliant detailing
Principally the same basic behwioual models as br na $ructues
with additional/di€ehalues of paames b include &ct of non
ompliahdails.

The structural assessment process is commonly taken
forward using an incremental approach
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Structural assessment

Qualitative

assessment

Quantitative
assessment

Measurement-

based assessment

Level AVLO

Experience
based
determination
of
deterioration
and damage
effects after
visual
inspection

Preliminary Assessment

Level AVL1

Direct
assessment
of
serviceability
values from
measured
load effects

Model-based
assessment

Level AVL2

Assessment
of safety and
serviceability
using simple
models and
data from
documents

Level AVL3

Assessment

of safety and

serviceability

using refined

model-based

methods and
data from

tests,
monitoring
etc.

Level AVL4

Assessment

of safety and

serviceability

with modified
structure-

specific
partial factors
and data from
tests,
monitoring
etc.

Detailed Assessment

Structural assessment levels

Level AVL5

Probabailistic
assessment
of safety and
serviceability
with
advanced
models and
data from
tests,
monitoring
etc.
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Life-cycle perspective
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Design and execution of preventative and remedial works

: -
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fib Model Code (2020) : ToC

PART I : SCOPE AND TERMINOLOGY
1. Scope
2. Terminology

PART II : BASIC PRINCIPLES

Sustainability perspective

Principles of performance-based approaches

Life-cycle management

Principles of quality and information management

Principles of execution

Principles of conservation

Principles of circularity and dismantlement

10. Implementation of quality and information management during LCM

0 0N F W

PART III : PRINCIPLES OF STRUCTURAL VERIFICATION

11. Structural performance evaluation framework
12. Principles of structural design and assessment
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fib Model Code (2020) : ToC

PART IV : ACTIONS ON STRUCTURES
13. Actions

PART V : INPUT DATA FOR MATERIALS

14.
15.
16.
17.
18.
19.

Concretes

Reinforcing steel

Prestressing steel & prestressing systems

Non-metallic reinforcement

Fibre reinforced concrete

Materials & systems for protection, repair and upgrading

PART VI : INPUT DATA FOR INTERFACES

14.
15.
16.
17.
18.
19.

Bond of embedded steel reinforcement : anchorages and laps
Bond of embedded non-metallic reinforcement

Bond of externally applied reinforcement

Concrete to concrete

Concrete to steel by mechanical interlock

Anchorages in concrete
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fib Model Code (2020) : ToC

PART VII - DESIGN AND ASSESSMENT PROCEDURES — MAIN TECH CONTENT

26.
27.
28.
29.
30.

26.
27.
28.
29.

Conceptual design

Approach to design

Approach to assessment

Structural analysis

Evaluation of structural performance

* structural safety (ULS) for predominantly static loading

» structural safety (ULS) for non-static loading

* seismic design, assessment or retrofitting

» structural safety (ULS) for extreme thermal conditions

* serviceability (SLS) of RC and PC structures

* condition limit states (CLS) associated with durability

* structural safety, serviceability and condition limit states associated to durability for FRC structures
* structural safety, serviceability and condition limit states associated to durability for RC structures with externally applied reinforcement
* robustness

* evaluations assisted by non-linear finite element analyses

» verification of structural performance assisted by testing and monitoring

* evaluation of effectiveness of new structures, measures and intervention

* detailing

* evaluation of anchorages in concerts

Evaluation of other aspects of social performance
Evaluation of environmental quality
Evaluation of economic efficiency

Sustainable decision making 23



fib Model Code (2020) : ToC

PART VIII : EXECUTION

31. Execution management
32. Construction works

33. Execution of interventions

PART IX : CONSERVATION (LIFE-CYCLE MANAGEMENT)
38. Conservation

PART X : CIRCULARITY - DISMANTLEMENT AND REUSE
39. Circularity and dismantlement

innovation
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fib MC (2020) Highlights : innovative materials
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fib MC (2020) highlights : innovative materials

Developing guidance documents for RAC

* sope déinition and ang of appliability
* sukitutiont
« assessmehof mearial poperties
* mechanial poperties and poperties elad b duability
* design, assessmehand ecution guidance
e assumtons used br design and in assessmehincl. ®chasic appoach
and tetmetydermintion of séy ficbs

An application proposal may be found in the guidelines given in the
French project RECYBETON!"*""")_ In the Spanish code a reduction of
5-15% of the density iz suggested for "tau"TRA =1.0.

No discemible effect of full RCA incorporation on the standard
deviation is reported in Pacheco et al. 2019-11+'%,

According to Pacheco st al. 2019-2"'* f]l RCA incorporations had
no affect on the variability of the splitting tensile strength.

The equations and factors given are identical to those given m
FprEN 1992-1-1:20230"+1%1,

Relations adapted from the project RECYBETON, papers from
Tosic et al44107), [1416], (419 and Silva et alll+119],

14.18 Concretes with recycled concrete
aggregates

14.18.1 Definitions

Taey 1s the substitution rate of recycled coarse concrete aggregates
(d > 4mm) = quantity of recycled coarse aggregates’total
quantity of coarse aggregates

Tr, 1s the total substitution rate of recycled aggregates = quantity
of fine+coarse recycled aggregates/total quantity of aggregates

14.18.2 Principles

For reinforced concrete, when only recycled coarse aggragates are
used, i order to facilitate recycling, when 1, < 0.25 there is no change in

the mechanical and structural properties. When 0.25 < t;, < 1 properties

could be measured or relations given below could be used. When fine
recycled aggregates are used the properties should be measured.

For prestressed concrete, when only recycled coarse aggregates
are used and 0 < 1., < 0.4 properties could be measured or relations
ziven below could be used. When fine recycled aggregates are used or
Tpe, > 0.4the properties should be measured.

14.18.3 Physical properties
The density is expressed by the following relation:
p=2'500-220 7, (14.18-1)

Unless more accurate mformation is available, the linear coefficient
of thermal expansion may be taken equal to 10x10° K.

14.18.4 Mechanical properties

The relation between the mean value of the compressive strength
and the ch 1stic strength 1s unck d
The variability of the tensile strength iz unchanged.

Eo= ke £ with kg, =k£(1-02575,) (14.18-2)

innovation
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fib MC (2020) highlights : innovative materials

Developing guidance documents for Fiber Reinforced Concrete

* classifition
« assessmehof poperties of fibe eibced once
* bking adubg of ibrmtion acquied b €sing and monibring
* &t mehods br the dermintion of FR poperties
« duability of gel fibes in once
e ontitutie laincl. ceep and figue
e t$ructual behwsior
* behsior in shear with/without omtional eibcemeh

JCSS Workshop | 21 May 2024 | Prague | fib Model Code 2020

18 Fibre reinforced concrete

Unlike rebars or welded mesh, fibres are generally designed to slip
without failing in tension. Fibres are active as soon as micro-cracks
are formed in the concrete. The main advantage of adding fibres
to concrete or mortar iz that they generate a post-cracking residual
tensile strength in combmation with a relatively large tensile strain.

18.1 Scope definition and range of applicability

Fibre reinforced te (FRC) is a composite material ck ised
by a cement matrix and discrete fibres (discontinuous). Fibres can be
made of steel, polymers, carbon, glass or natural materials.

Fibre materials with 2 Young's modulus that is significantly affected
by ageing and/or thermo-hygrometrical phenomena in the range of

As such, the material fibre reinforced (FRC) is ck ised 1 ditions in service are not covered by this Model Code

by sul ial ductility and tough with respect to plain concrete. since the cement composites made exclusively with such fibres should
The properties of the composite depend on the ck istics of notbe ded for structural use.

the constituent materials, as well as on their dosage. Other factors such Mixtures with fibres of diffs types and/or di jons can also be

as the geometry, the volume fraction and the mechanical properties of the
fibres, the bond between fibre and concrete matrix, and the mechanical
properties of the matrix, significantly affect the FRC properties.

Due to differences in casting and vibration procedures, FRC
flowability and geometry of the moulds, anizotropic fibre distributions
may occur, the effect of which should be taken into account since fibre
orientation affects FRC mechanical properties after cracking.

The rules in this chapter are mamly based on experience with steel
fibre reinforced concrete (SFRC). Proper precautions must be taken
when using these rules for concrete reinforced with those non-steel
fibres covered by this Model Code 2020.

In the case of softening behaviour (a) the deformations localise in

usad (called hybrid fibre reinforced concrete).

Structural design of FRC elements iz based on the post-cracking
residual strength provided by fibre reinfc t Other cases, such
as early age crack-control or spalling resistance m case of fire, are
considered non-structural use of FRC.

Fors luse a 1 hanical perft of FRC must
be guarantsed.

Fibres can be used to improve the behaviour at SLS since they can
reduce crack width, thereby improving durability.

Fibres can be used to improve the behaviour at ULS where they
can partially or, if certain conditions are fulfilled, totally substitute
conventional reinforcement.

The mechanical properties of a cementitious matrix are modified
when fibres are added. However, elastic propertiez and compressive
strength are not significantly affectad by fibres, unless a high percentage
of fibres is used. Design values for compression are described in 18.6.1.

Depending on their composition, FRC can show hardening or

one crack. In the case of hardening behaviour (b) multiple cracking
occurs before reaching the peak value.
Therelationb strain softening and strain hard beh

1z shown in Figure 18.1-1. A FRC with softening behaviour in tension
can develop hardenmg behaviour in bending. A FRC with softening
behaviour in bending can exhibit a monotonically increasing load in the
structure (Figure 18.1-2).

ftening behaviour under uniaxial tension (Figure 18.1-1).

P P

< l » < »
P A crack formation pA crac'k formation
B y P, ' Macro-crack

localisation
» »
(a) b)
Figure 18.1-1 ing (3) and ing (b) iour in axial tension
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fib MC (2020) highlights : innovative materials

17 Non-metallic reinforcement

Fibres occupy the largest volume fraction (40-70%) and have an
elastic modulus much higher than that of the matrix. As such, fibres
are the principal stress-bearing constituent, while the resin transfers
stresses among fibres and protects them.

In general, FRPs are characterised by high axial strength, high ratio
of axial to transverse strength, limited ultimate strain, low weight,
excellent chemical resistance and non-susceptibility to a wide range
of aggressive media, electromagnetic neutrality, excellent fatigue
characteristics (depending on fibre type), and limited ratio of long
term to short term static strength for some fibre types.

Several types of fibres are used for FRP reinforcement, the most
popular are: glass (GFRP), carbon (CFRP), aramid (AFRP). basalt
(BFRP) and rarer as polyphenylene bezobisoxazole (PBO). Typical
matrix materials are vinylester and epoxy, amongst other polymer
matrices. Thermosetting matrices are often used, although FRP products
based on thermoplastic matrices also exist. For rebar applications special
attention is given to the surface treatment (Section 17.4.3) to achieve
proper bond with the concrete.

For further information see /i Bulletin 40/'7-!].

For further information see fi> Bulletin 9002
applied reinforcement techniques are listed in figure 17.1-1.

Extemally

SBR Surface bonded renforcement”

$> Bonded appications:
ETS Embessed through sachon renforcament
Prostressed SBR or NSM

Externally appied
reinforcement (EAR)

* Strap type of tenséo members
Unbonded appicaons.  «  Post-ensioned tensde members

© Oan sedorred 12 00 EBR (antesmaty boned serdorcarran

Figure 17.1-1: Extemally spplied reinforcement

The methods of testing and certification of conformity are as defined
in dards and dations at the national or i onal

17.1 Scope definition and range of

applicability

Non-metallic reinforcing elements consist of a large number of
continuous, directionalised, organic or inorganic fibres, typically em-
bedded in a polymeric matrix. Both the terms “non-metallic reinforce-
ment” and “FRP (fibre reinforced polymer) reinforcement” are used
for this reinforcement type.

The properties of FRP reinforcement basically depend on fibre and
resin type and properties, constituent volume fractions, production
parameters, shape (including bent FRP) and surface texture.

For rebar applications, amongst other, glass fibres (electrical/
chemical resistant type) are used. For prestressing and externally applied
reinforcement, carbon fibres are predominantly used.

For new structures pre-cured bars, tendons, grids or technical textiles
are used to reinforce and prestress concrete elements.

To retrofit and strengthen existing structures, FRP elements
—prestressed or non-prestressed—are used as externally applied
reinforcement (EAR). Mainstream EAR techniques are surface bonded
reinforcement, often referred to as extemally bonded reinforcement
(EBR) and near-surface mounted (NSM) bars. The FRP may be in the
form of:

- pre-cured strips or laminates for surface bonding

- sheets or fabrics applied by wet lay-up or pre-impregnated (prepreg)

surface bonding

- pre-cured bars, small strips or profiles for NSM

- pre-cured tendons or strips for external post-tensioning

- grids, fabrics or technical textiles for TRM

17.2 Provisions for quality control

Non-metallic reinforcement must comply with national or

level. For the latter reference can be made to ISO 10406'"*
that covers in Part 1 methods of testing for FRP bars and grids and in
Part 2 methods of testing for FRP sheets. At the European level, FRP
verformance characteristics and conformity can be declared via ETA

174

ional product dards that specify their geometrical, mechanical
and technological properties, such as the interational product standards
ISO 1040617211174

innovation
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fib MC (2020) highlights : Structural assessment

SUBSTANTIAL COSTS OF
INTERVENTIONS on existing
structures in order to

DETERIORATION MECHANISMS
are to be taken into account

|

Assessment assisted by

increase performance levels EXISTING adequate models (incl. NLFEA)
i ____________ STRUCTURES

ADJUSTED (3 TARGET IN

ASSESSMENT v

REMAINING WORKING LIFE often smaller
than 50 years l

ADJUSTED REFERENCE PERIOD IN
ASSESSMENT

JCSS Workshop | 21 May 2024 | Prague | fib Model Code 2020

TESTING, INSPECTION AND MONITORING an be done in oder b incease
KNOWLEDGE LEVEL

!

ADJUSTED TREATMENT OF UNCERTAINITIES :

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

innovation
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fib MC (2020) highlights : use of information in assessment

Use of sructue-specific ibrmtion in erifilion of perbrmance during the assessmenof giting sructues implemead in fib Model
Code

TESTING of materials TESTING of elements & systems INSPECTION & MONITORING

- updting the basic variables related to - assessing diectly the compliance with

material characteristics in the assessmen reliability requirements with egd b the

model(s) limit & under onsidetion ¥ poofload esing
- updting the material behaviour model for - assessing diectly the compliance with

the assessment on the esifince side, aking it performance requirements under

acouh the itrinsic ariability of marial poperties service load andgr structural

and the marial behgiour model unceraities identification based on diagnosic esing
- updting the assessment values of basic - updting the action effect model 6r the

variables related to material assessmeh

characteristics in the assessmeh model,
which is the basis 6r updating of the partial
safety factor yy for the basic variables
related to material characteristics, used
in the limit & erifitions 8the semi-pobabilisic lel

innovation
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Concluding comments & future outlook

Aspiration : fib Model Code for Concrete Structures which is better suited to future demands and the
circumstances encountered in the years ahead

fib MC (2020) impact:
« assisting the creation of sustainable concrete structures (new / adapted / upgraded etc)
* including improved technical guidance and providing better tools and techniques for :
« design / execution/ life cycle management of new concrete structures
» assessment / adaptation / alteration of existing concrete structures incl. structures after interventions

« educating the engineering community to master the processes and procedures involved in performance-based approaches,
in which the standards / specifications will have to play a necessary supporting role

innovation
m for life 3
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Concluding comments & future outlook

Aspiration : fib Model Code for Concrete Structures which is better suited to future demands and the
circumstances encountered in the years ahead

fib MC future research needs (with potential trigger effect within the JCSS) :

JCSS Workshop | 21 May 2024 | Prague | fib Model Code 2020

safety philosophy reflecting sustainability objectives (TG.SAG.2)

uncertainty treatment in sustainability-oriented multicriteria decision making (TG.SAG.2)

design optimization incl. e.g. calibration of simplified approaches,..., risk-based design approaches (COM2, COM3)
operational methods for design by testing with innovative materials (TG.SAG.2 incl. COM2, COM3, COM4)
operational methods for design with reclaimed elements (TG.SAG.2 incl. COM2, COM3, COM4)
assessment methods for existing structures - ULS verification under degradation (TG.3.1)

operational methods for assessment of existing structures by proof loading (TG3.2 & IABMAS)
operational methods for SHM and data-informed diagnostics of existing structures (TG3.3)

assessment of existing structures based on past performance of structural element(s) and/or system(s)
uncertainty treatment in modeling of structural performance and durability by data-driven approaches / Al
verification framework for resilience (of concrete structures)

innovation
m for life 32
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Thank you for your attention




