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Introduction = Model Code 2010
CO’:TI * According to MC2010 the tensile behaviour and fracture mode | parameters are determined from the
ft . . . . .
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= Main features
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= Main features
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Parameter updating module (PUM)

= Theoretical aspects —underlying algorithms
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Executes the main fitting procedure

Nonlinear least square fitting (NLSQ) algorithm

min Z (FEW - Ff\rum)z

i=1
MPFit library implemented in C language

Based on the MINPACK-1 fitting library

Boundary constrained fitting

Matos LPM, Barros JAO, Ventura-Gouveia A,
Calcada RAB. “A new inverse analysis approach for
predicting the fracture mode | parameters of fibre
reinforced concrete.”

1 http://dx.doi.org/10.1016/j.engfracmech.2021.10761
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» Theoretical aspects —underlying algorithms

PUM
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Theoretical aspects — simulation of the numerical response

M — 0 flexural model

Linear behaviour
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Imposed rotation

Neutral axis (NA) position is sought based on force equilibrium

Root finding algorithm is used to optimize this step

Multi-linear tensile relationship

Barros JAO, Figueiras JA. “Flexural behavior of SFRC:
testing and modeling”. J Mater Civ Eng 1999:11(4):331-9.
http://dx.doi.org/10.1061/(ASCE)0899-1561(1999)11:4(331).
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= Theoretical aspects — simulation of the numerical response
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= Theoretical aspects — simulation of the numerical response

Read input data Constitutive laws
e RPT-3PS ’ Oec(ec)
¢ Uct(Ect)
COFIT oer(W)
software Loop of increment of 8 * .
anel geometry
i H
Ll Crack pattern geometry
> < Loop. of I;anel cracks> Zm gr,i . -
Predictive i=1to n, Az,le,l Bt,ll;z,l C:,l
1,204,2 i,2/1,2 i,
performance p N ’
. Computation of 85, , and &, ,
Imaginary Y AP, ’ ’
PIVOL __ pm e s 2T T PN 9., = (Fepsr) ot
= ) /K Rotation axis st — (Bz,zpi,z) sk
e of Plate 1 o - A L Bi2 Cpi,2 c )
Practical case N T A g ) ! .
demonstration '\-\. Computation of 6% ; and 0%,
%, A .
A i1 = A, 1 Bix
Rotation axis /" -
of Plate 3 0fs = Ai,?i?i,z
& ¢ J
Computation of 8%,
Results Support
6F = 0F, + 6%,
Computation of MY,
(M-8}, algorithm)
° v
Conclusions .
Determination of F*
Fry = i,c (MF x Ley ;) 6F
é
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COFIT workflow — overview

Input files

- Material properties
- Geometric properties
- Optimisation parameters
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COFIT workflow — overview

B

- Material properties
- Geometric properties

- Optimisation parameters

Luis Matos

- Numerical/experimental fitted response
- Optimised o-w relationship

- Trilinear/quadrilinear o-w relationship
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COFIT workflow — input datafile

*
_gldat | _coprr para e vios

<MAIN_PARAMETERS>

<MESH>

<MATERIAL_PROPERTIES>

<GEOMETRIC_PROPERTIES RPT>

<OPTIMISATION>

<OPTIMISATION PARAMETERS>
<EXPERIMENTAL_DATA>

<PARAMETER_BOUND_ LIMITS>

\</ COFIT_DATA_ FILE VI1.0>

<GEOMETRIC_PROPERTIES 3PNBBT>

<NUMERICAL_ SAMPLING_POINTS>

_/

Luis Matos
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= COFIT workflow — input datafile

rd ~
N\
: <MAIN_PARAMETERS> \I
COFIT : MAIN_TITLE = Example title ; :
software * ! PROBLEM_TYPE = 3PNBBT ; # 3PNBBT | _RPT !
_gl.dat | _corrr pata FIE vies ) ! - - - - !
L| \ </MAIN_PARAMETERS> h
\ /
<MAIN PARAMETERS> Bt -
Predictive
performance <MESH>
<MATERIAL_PROPERTIES>
demonstration
J <GEOMETRIC PROPERTIES RPT>
<OPTIMISATION>
Results <OPTIMISATION PARAMETERS>
<EXPERIMENTAL DATA>
<PARAMETER_BOUND_LIMITS>
®
Conclusions <NUMERICAL_SAMPLING_POINTS>

\< JCOFIT DATA FILE V1.0> )

’l\

s+ Institute for Sustainability and Innovation in Structural Engineering

Universidade do Minho




Determination of the constitutive laws of FRC by inverse analysis and its application on the design of FRC structures Luis Matos

= COFIT workflow — input datafile

e ~
II <MATERIAL_PROPERTIES> \I
1 he concrete materis N 1
COFIT | #4 Properties of the concrete material model !
software \ 1 ## Content of each column: |
* 1
_gldat | # A -> Young's modulus [MPa] 1
) <COFIT_DATA_FILE_VI1.0> : # B -> Tensile strength [MPa] :
I # C -> Maximum crack width [mm)] 1
o <MAIN_PARAMETERS> : # D -> N. of set of values (wi - ai) of the stress-crack width relationship :
Predictive 1 # E -> Values (wi - ai) defining the stress-crack width relationship: 1
performance <MESH> : # (wi) - crack width at the i-th post-peak point [mm] :
1 # (ai) - ratio between the stress and the tensile strengh at the i-th post-peak point |
| # A B C D !
<MATERIAL_PROPERTIES> 1 Ec fet  wu nPts |
I .
1
i <GEOMETRIC_PROPERTIES_3PNBBT> o E
Practical case — — | wl ol
demonstration ! w2 o2
<GEOMETRIC_PROPERTIES_RPT> 1
H w3 o3
1 w4 o4
<OPTIMISATION> | w5 05 ;
‘\ </MATERIAL_PROPERTIES>
<OPTIMISATION_PARAMETERS> ST e e e
Results
<EXPERIMENTAL_DATA>
w
<PARAMETER_BOUND_ LIMITS>
®
Conclusions <NUMERICAL SAMPLING POINTS>

\< JCOFIT DATA FILE V1.0> )
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= COFIT workflow — output results

/’ ___________________________________________ \\
II <GEOMETRIC_PROPERTIES_3PNBBT> \I
COFIT : ## Geometric properties of the cross-section :
software . | #+# Content of each column: |
_gl-datJ <COFIT DATA FILE V1.0> \ : # A -> Width of the cross-section [mm] :
Ll : # B -> Height of the cross-section [mm] :
<MAIN PARAMETERS> : # C -> Effective height of the cross-section :
Predictive I # (i.e. height at the notched section in the 3PNBBT) [mm] I
performance <MESH> : # D -> Length of the non-linear hinge [mm] :
I # E -> Span length [mm] I
| # F -> Number of layers discretizing the cross-section :
<MATERIAL_PROPERTIES> : 4 A B C D E F :
: b H h Lh L nLayers ; :
i <GEOMETRIC_PROPERTIES 3PNBBT>
Practical case — — |\ </GEOMETRIC_PROPERTIES 3PNBBT> !
demonstration M Py
J <GEOMETRIC_PROPERTIES_RPT>
F
<OPTIMISATION> $ /— Nonlinear hinge Layer
[} 1 4
<OPTIMISATION_PARAMETERS> | 1
Results 1 i h H
I 1
<EXPERIMENTAL_DATA> - . g
@) —_ O —
<PARAMETER._BOUND_LIMITS> | Ly=h | b
® N ™
Conclusions <NUMERICAL_SAMPLING_POINTS> L

\< JCOFIT DATA FILE V1.0> )
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= COFIT workflow — output results

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T E T EE ~
\
|I <GEOMETRIC_PROPERTIES RPT> \
1
COFIT : #+# Geometric properties of cross-section and crack geometry 1
software . : #4# Content of each column: :
_gI.datJ <COFIT DATA FILE V1.0> \ : # A -> Height of the cross-section [mm)] :
Ll | # B -> Length of the non-linear hinge [mm] 1
<MAIN PARAMETERS> : # C -> Number of layers discretizing the cross-section i
Predictive 1 # D -> Number of cracks
1
performance <MESH> : # E -> Crack geometry parameters: :
L #
| 1
<MATERIAL PROPERTIES> | # Input example: :
- I Ler,i  Ail_Bi,l Bi,l_Pi,l C_Pi,1 Ai2 Bi2 Bi2 Pi2 C_Pi?2 :
| #
. 1 |
Practical case <GEOMETRIC_PROPERTIES_3PNBEBT> | #  Note: the parameter input must follow the above sequence !
: | a I
demonstration | i ]
<GEOMETRIC_PROPERTIES_RPT> | 4 A B C D !
|
J I H Lh nLayers nCracks |
<OPTIMISATION> : I
I % B l
Results <OPTIMISATION PARAMETERS> : Ler,i Ai,1_Bi,1 Bi,1_Pi,1 C_Pi,1 Ai,2_Bi,2 Bi,2_ Pi2 C_Pi2; :
|\  </GEOMETRIC_PROPERTIES_RPT> ,'
<EXPERIMENTAL_DATA> M e o -7
<PARAMETER_BOUND_ LIMITS>
®
Conclusions <NUMERICAL SAMPLING POINTS>

\< JCOFIT DATA FILE V1.0> )
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= COFIT workflow — output results

COFIT
software *
I—l _gldat | _coprr para e vios )
o <MAIN PARAMETERS>
Predictive . P Rotation axis &
F f Plate 2 b
performance <MESH> N Py
<MATERIAL_PROPERTIES> 4N
/.'k’ Rfol‘gzitionlaxis
Practical case <GEOMETRIC_PROPERTIES 3PNBBT> \* pi 1° e
demonstration AT
J <GEOMETRIC PROPERTIES RPT>
Rotation axis N e , i
<OPTIMISATION> of Plate 3 —N] e ANCa L 2> §p; =0
Results <OPTIMISATION PARAMETERS>
Support
<EXPERIMENTAL DATA>
<PARAMETER BOUND LIMITS>
®
Conclusions <NUMERICAL_SAMPLING_POINTS>

\< JCOFIT DATA FILE V1.0> )
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= COFIT workflow — output results

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T E T s \\
[ <OPTIMISATION PARAMETERS> \I
COFEIT | FORCE DEVIATION TOLER = Ftoler ; !
1
software * I I
_gldat | _coprr para e vios N\ | PARAMETER_DEVIATION TOLER = Ptoler ; !
I
1
|—| > MAXIMUM NUMBER_OF ITERATIONS = nlter ; I
<MAIN_PARAMETERS> | !
Predictive I :
formance " NUMBER_OF PARAMETERS TO BE OPTIMISED = nParams ; !
per <MESH> [ ,
| TYPE OF TENSILE DIAGRAM = _TRILINEAR | _ QUADRILINEAR ; !
1
<MATERIAL_PROPERTIES> | </OPTIMISATION_PARAMETERS> H
N e o o e -7
demonstration
J <GEOMETRIC_PROPERTIES RPT>
<OPTIMISATION>
<OPTIMISATION PARAMETERS> —
Results
<EXPERIMENTAL_DATA>
<PARAMETER_BOUND_ LIMITS>
°
Conclusions <NUMERICAL SAMPLING POINTS>
\</ COFIT_DATA_ FILE V1.0> )
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= COFIT workflow — output results

s T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T N
/
I <EXPERIMENTAL_ DATA> \I
1
1 ## Type and name of the file containing the experimental data !
COFIT 1
! Content of each column: 1
ftwar I i . '
software *_gl-dat <COFIT DATA FILE V1.0> \ 1 # A -> Type of recorded displacement presented in the experimental results data file :
o o o o —p! # - Available keywords: __ CMOD, _ CTOD or _ VDISPL (in round panel test, only _ VDISPL is available) 1
1
<MAIN PARAMETERS> 1 # B -> Name of the file containing the experimental results (example: FileName_ er.dat) :
- — ! A B I
Predictive I #*
" I _CMOD | _CTOD | _ VDISPL C:\users\Desktop\jobname :
pertormance <MESH> 1 |
\\ </EXPERIMENTAL_DATA> y;
N o e e e e S S S S S S S S SN NN G SN B SN SN S SN NN SN SN S SN SN SN GEN SN GE NN G SN G S SN S SN SN GE NN SN SN SN SN SN SN SN NN G GEn S S —/
<MATERIAL_PROPERTIES>
demonstration
J <GEOMETRIC_PROPERTIES_RPT>
<OPTIMISATION >
<OPTIMISATION_PARAMETERS>
Results
<EXPERIMENTAL_DATA> —
<PARAMETER_BOUND_ LIMITS>
[
Conclusions <NUMERICAL_SAMPLING_POINTS>

\< JCOFIT DATA FILE V1.0> )
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= COFIT workflow — output results

o e e e e e ~

’ \
<PARAMETER BOUND_LIMITS>

## Bound limits of each parameter used in the optimisation analysis
#+4# Content of each column:

1
|
1
COFIT 1
|
software *_gl-datJ <COFIT DATA FILE V1.0> \ : # A -> Bound limits for the Young's modulus (range of values or keyword: _ NONE) [MPa]
I
I
|
I
1

\
|
|
|
|
I

# B -> Bound limits for the tensile strength (range of values or keyword: _ NONE ) [MPa] :
A A # C-> N. of set of values (wi - ai) to be optimized :
Predictive <MAIN_PARAMETERS> N # D -> Bound limits for the values (wi - ai) defining the stress-crack width relationship 1
erformance I # 4 B ¢ :
P <MESH> I [Emin-Emax] [fctmin-fctmax] nSetPts |
1 1
| |
<MATERIAL_PROPERTIES> I # D I
: [Wlmin'WImax] [almin'almax] :
20 W2iax)  [22min=82max] 1
i GEOMETRIC_PROPERTIES_3PNBBT ! (W25 W 2 T max
PraC“CaI Calse < o B ” ! [W3min'W3max] [a3min'a3max] 3 !
demonstration : ;
J <GEOMETRIC_PROPERTIES RPT> \_ </PARAMETER_BOUND_LIMITS> 7
<OPTIMISATION>
<OPTIMISATION_PARAMETERS>
Results
<EXPERIMENTAL_DATA>
<PARAMETER_BOUND_ LIMITS> —
®
Conclusions <NUMERICAL SAMPLING POINTS>
\</ COFIT_DATA_FILE_V1.0> )
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= COFIT workflow — output results

7’ N
II <NUMERICAL SAMPLING POINTS> \|
COFEIT : ## Number of sampling points of the numerical curve :
t 1 ## Content of each column: :
sortware * 1 . i sieal cnrve displac : \ p - consts .
_g|dat | # A -> Type of procedure to obtain the numerical curve displacement values (keyword or constante value) 1
Ll ) <COFIT_DATA_FILE_V1.0> ) | # - Available keywords: _CUSTOM !
' #
| 1
o <MAIN_PARAMETERS> 1 # - Constant value: |
Predictive : # If a constant value is provided, the numerical curve will be calculated uniformly based on :
performance <MESH> 1 # the maximum experimental displacement and the indicated number of sampling points :
|
# I
1
1 # - Keyword: :
<MATERIAL_PROPERTIES> _»: # If the keyword ' CUSTOM' is provided, the user must indicate the number of sampling points 1
1 # used to calculate the numerical curve in each displacement range as well as the limits of the range. :
1
demonstration 1 # B -> Number of ranges :
<GEOMETRIC_PROPERTIES RPT> : i (11 -> Number of baul;phng points and limits of the displacement ranges (e.g.: 100 [0.01 - 1.0]) :
J ! __CUSTOM  nRanges |
<OPTIMISATION> I # C |
: nPts [0.001-1.0] 1
<OPTIMISATION PARAMETERS> ' nPts  [1.0-3.0] ; |
Results : H
|
<EXPERIMENTAL DATA> I\\ </NUMERICAL_SAMPLING_POINTS> /’
AN e o o e o e e e e e e e e e e e e e e e e e e e e 7
<PARAMETER_BOUND_ LIMITS>
®
Conclusions <NUMERICAL SAMPLING POINTS> —

\< JCOFIT DATA FILE V1.0> )
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COFIT
software

I_|

Predictive
performance

Practical case
demonstration

|

Results

.

Conclusions

COFIT workflow — output results

*
_er.dat ) <EXPERIMENTAL_RESULTS_DATA_FILE_V10> )

<EXPERIMENTAL RESULTS>

#+# Experimental results data
COUNT = nExpPts ;

## Content of cach column:
# A -> Counter

# B -> Displacement value
# C -> Force value

# A B C

0 0.075169452 ;
0.001 5.732005488 ;
0.002 6.1304812 ;
0.003 6.415200534 ;
0.004 5.317278498 ;
0.005 8.819546876 ;
0.006 7.235947932 ;
0.007 7.120988918 ;
0.008 5.518166165 ;

—

© 00 O Ui W N

)

</EXPERIMENTAL RESULTS>

\\f/EXPERDMENTALARESULTSiDATAAJTLE7V1Oi’)

= Institute for Sustainability and Innovation in Structural Engineering

Version
May 2020

Authors:

name ?

Inverse Analysis Tool
Non-Linear Least Squares Fitting
Three-Point Notched Beam Bending Test

Round Panel Test

1.81 (beta)

Language: C

Luis Matos, Joaquim Barros, Ventura Gouveia
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COFIT
software

L‘

Predictive
performance

Practical case
demonstration

|

Results

®
Conclusions

*

COFIT workflow — output results

—e r. d at) <EXPERIMENTAL_ RESULTS DATA FILE V1 .())

<EXPERIMENTAL RESULTS>

## Experimental results data

COUNT = nExpPts ;
## Content of each column:

> Displacement value

-> Counter

-> Force value

B C

0 0.075169452 ;
0.001 5.732005488 ;

A
B
C
A
1
2
3 0.002 6.1304812 ;
4
5
6
7
8
9

SIS

0.003 6.415200534 ;
0.004 5.317278498 ;
0.005 8.819546876 ;
0.006 7.235947932 ;
0.007 7.120988918 ;
0.008 5.518166165 ;

</EXPERIMENTAL RESULTS>

(//’EXPERTI\[ENTAL RESULTS DATA FILE \'H)y

¢ Institute for Sustainability and Innovation in Structural Engineering

rse Analysis Tool

Non-Linear Least Squares Fitting

Three-Point Notched Beam Bending

Round Panel Test

Ventura

Job name ?

Lang

Gouveia

Luis Matos
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= COFIT workflow — output results

* Numerical/experimental fitting result

COFIT . F — Num
software _rs.cs: " COFIT n ) — Exp
! ) [kN]
| Inverse Analysis Tool |"
Yl| IN
- | Non-Linear Least Squares Fitting |"
Predictive " B P
performance ! Three-Point Notched Beam Bending Test |"

Yll IN
"| Version  1.01 (beta) |"

'| May 2020 Language: C |"
Yl| IN
"| Authors: Luis Matos, Joaquim Barros, Ventura Gouveia |"
Practical case 'l " | >
. L COFIT +'
demonstration Wemod [mm]
J "Date: Sun Apr 11 20:45:30 2021"

"Job Name: prism"
"Title: fib_ prism_ ia"

Results COFIT v1.01 results
Time elapsed: 63.80 s

"Content of each column:"

" A _-> Counter”

" B -> Displacement type: _ CMOD [mm)] "

C -> Numerical Force [kN] "

D -> Experimental Force [kN] "

k- -> Numerical Force obtained with the lrilinear/Quadrilinear relationship |[kKIN|J *
F

G

H

"

®
Conclusions

"

-> Crack width of the optimised Stress-Wer relationship [mm]"
-> Stress of the optimised Stress-Wer relationship [MPa] "
-> Crack width of the trilinear/quadrilinear diagram [mm]"
I -> Stress of the trilinear/quadrilinear diagram [MPa] " )
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= COFIT workflow — output results

COFIT .
software _rS-CsVJ., COFIT + )
Yl| IW
Ll "| Inverse Analysis Tool |"
Yl| IN
- | Non-Linear Least Squares Fitting |"
Predictive " B
performance ! Three-Point Notched Beam Bending Test |"
Yll IN
"| Version  1.01 (beta) |"
'| May 2020 Language: C |"
Yl| IN
"| Authors: Luis Matos, Joaquim Barros, Ventura Gouveia |"
Practical case 'l "
demonstration + COFIT *
J "Date: Sun Apr 11 20:45:30 2021"
"Job Name: prism" .. . .
« Optimised o-w relationship
"Title: fib_ prism_ ia" o A
Results COFIT v1.01 results [MPa]
Time elapsed: 63.80 s
f ct
"Content of each column:"
" A -> Counter"
" B -> Displacement type: _ CMOD [mm)] " N
® " C -> Numerical Force [kN] "
. " D -> Experimental Force [kN] "
Conclusions ' _E_-> Numerical Force obtained with the Tvilinear/Quadrilinear relationship [kN] "
" F -> Crack width of the optimised Stress-Wcr relationship [mm]"
" G -> Stress of the optimised Stress-Wer relationship [MPa] "
" H -> Crack width of the trilinear/quadrilinear diagram [mm|"
\" I -> Stress of the trilinear/quadrilinear diagram [MPa] " ) W [mm]
>
w=0 W,
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= COFIT workflow — output results

*
rs.Ipt
COFIT _s-p t COFIT t \ [>>> Optimised stress-crack width diagram \
software \ |
| Tnverse Analysis Tool |
‘ | Stress-crack width relationship obtained with the optimised parameters
| Non-Linear Least Squares Fitting |
| | ## Content of each column:
| Three-Point Notched Beam Bending Test | # A -> Crack width [mm)]
Predictive \ [ # B -> Stress [MPa]
| Version 1.01 (beta) | # C -> Fracture energy [N/mm]
performance | May 2020 Language: C | # A B
| | 0.000 2.500
| Authors: Luis Matos, Joaquim Barros, Ventura Gouveia | 0.093 1.426
| | 0.551 1.669
e COFIT +' 1.500 0.930
2.076 0.537
Date: Sun Apr 11 20:45:30 2021 2.504 0.618
Practical case 8.250 0000
. Job Name: prism # C
demonstration 4.569
Title: fib_ prism_ ia
>>> Optimised parameters that best fit the experimental data >>> End of optimised stress-crack width diagram
Optimised parameters >>> QUADRILINEAR diagram that best fits the optimised stress-crack width relationship
## Content of each column:
Results # A -> Young's modulus [MPa] Tensile-softening diagram
# B -> Tensile strength [MPa]
# C-> Wi value #+# Contents of each column
# D -> ai value # A -> Crack width [mm)]
A B # B -> Stress [MPa)
40000.000 2.500 # C -> Fracture energy [N/mm)]
# C D 4 A B
® 0.0925 0.5706 0.000 2.500
) 0.5506 0.6676 0.272 1.617
Conclusions 1.5000 0.3719 0.939 1.380
2.0757 0.2146 2.486 0.294
2.5039 0.2472 8.250 0.000
# C
3.702
>>> End of optimised parameters that best fit the experimental data
k j >>> End of _QUADRILINEAR diagram that best fits the optimised stress-crack width relationship
Time elapsed: 63.80 s

J
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= Performance assessment

Z 1164252 76355 11260 s = 76745 2 73945 Z 63.92s =X 379.22s
RSFR - —
20 - <3 : 40 0 .
) RSFRC60 —~ — ~
Z . % zZ z A0 [ # N
. S RSFRCas | ey 2 30 =< 4 o j D,
Predictive o o o 30 Py P
performance 5 o10f ™ 5 20 = A D1
= = 20 \’ .
umpso
5k — Exp. —— Numgg | 10 10 Num py
—#— Numgo —w— Numys —#— Numgg —»— Numys
0 | | | | | 0 I I I I | 0 0
demonstration Wemod (mm) Wemod (mm) dp (mm) d, (mm)
— Avg. DTT
N — 3 \ Numpo
Results = = S < ] Num 4
Q 1 A Ry s
2 S 1 - = 2
ks 7] ks 5 &
N ) 0 o N
| . 1 AN
[
Conclusions
0 -
9 7.5 10 0 3 6 9 12 15
w (mm) w (mm)
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Predictive
performance

Practical case
demonstration

|

Results

o
Conclusions

+(M Pa)

o

Force (kIN)

= Performance assessment

= 112.60 s

5 Exp. Numgg
Numgg —s— Numys

0

0 0.5 1 1.5 2 2.5 3
Wemod (MIN)
_).:')‘
9 % Numgg
I Numegg

w (mm)

(kN)

Force

et (M Pa)

10 — Exp. Numeg
Numgg —w— Numys
0 - - -
0 0.5 ] 1.5 2 2.5
Wemod (IMIM)
6
Numgg
5 Numgg
—— Numys

s+ Institute for Sustainability and Innovation in Structural Engineering

W (mm)

e

Force (kN)

40

7.5 10

0y (mm)

12.5 15

Force (kN)

oct(MPa)

Luis Matos

= 23219s Z 379.61s
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Predictive
performance

Practical case
demonstration

|

Results

®
Conclusions

oct(MPa)

Impact of the initial guess

s+ Institute for Sustainability and Innovation in Structural Engineering

oct(MPa)

8
fitted 1
. fitted 2
6
—o— fitted 3
fitted 4
4 g
T
9
Ne—
0 —
0 3 1.5 6 7.0

w (mm)

Force (kN)

40
0l e
o !. \\.v
."‘ \1
K T
20 I —  exp. \‘:\\.
L fitted 1 e~
fitted 2
LO —o— fitted 3
‘ fitted 4
0
0 1 2 3 4

Wemod (ITNM)
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= |Impact of the initial guess

40
L —=— fitted 1
Predictive ¢ O, |
performance +— fitted 2 30 (4
= ~ —o— fitted 3 = , |
a9 A —o— fitted 4 24
E 2 - 20 [ —  exp. N
et ~ & fitted 1
Practical case N S > fitted 2
demonstration 10 fitted 3
J : fitted 4
0 - . :
0 15 3 45 6 75 9 0 I 2 3 4
Wemod (M)
Results w (mm) o )
®
Conclusions
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= |Impact of the initial guess

40
L —=— fitted 1
Predictive ¢
performance v— fitted 2 30
= = —o— fitted 3 ’Z°\
A A —o— fitted 4 2
—  exp.
= = o 20
— el e —&— fitted 1
Practical case 5 o £ —o— fitted 2
demonstration 10 —— fitted 3
J —o— fitted 4
0
0 1.5 3 4.5 6 7.5 9
Results w (mm)
®
Conclusions
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= FEMvs COFIT

[ Nonlinear

[ Linear elastic F/ 2 F/ 2
N mam
10
(]
i
Predictive R
-
performance Q| ;e T
VAN /\
(77777
1 9 Kl 1 1 'cr j cr :cr :cr - ;C"
_ 25 247.5 5 247.5 25 1280 &0 Ens & &
Practical case
demonstration
J 3.5 15
2.63 corrn
~ —— FEM
Results oY K‘
S LT A -
% 8 5
- 0.88 . COFI1
® 10 —— FEM
Conclusions B
0 _ 0 ) 9 ; . —15 ' 2 3 5
0 1 2 3 4 5 0 1 2 3 | 5 6 0 1 2 3 | 5
Wemod (l'lll]]} w (”””} Wemod (”““)
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= FEMvs COFIT

O_Cr“
[ Nonlinear "
[ Linear elastic F/ 2 F/ 2
—\r T
10
(]
i
Predictive A
performance Q| £ =
AN /\
rrrTT?
Ly ! b P — =
. 25 247.5 5 247.5 25 n2 Cnmax n3 w4 !
Practical case
demonstration
J 20 ' ' ' [ 3.5 T T T T T 15 T T T T
— Avg. exp.
15 —g— COFIT B —g— COFIT B
2 ! —— FEM
Results 4 > go\
N—
10 | 1 =
8 I &
— b )
)
=
51 N
® D
Conclusions i i i
% 1 2 3 4 5 6

Wemod (mm)
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= Case description

2910 2910 1500 3000
— P —100—A * + .
T 130 /- d6@75 - d6@75
]_20 11 11 I'I e rrrrrrr 11l
il [ 1 T30
F~
30
N =
2610
¢ AN \_g6@7 VAN
430 ¥ ¥ 4500 ¥ ¥
_ 250 250
Practical case _r— 3025 p 5000 +
demonstration
J |0%l Y30
+—200— .
Cross section ¢ F Japanese Yoke
Resulte geometric centre ‘\ /_ (tubular aluminium bar)
m /
' oY | 2 .
..I.._._|_._ ........................................... ) SPER— - N |.._._]I_
i LVDT i ,— Strain measurement LVDT i
tTTTA T T------mmooemmmmmmmmmmm T e 5\ _----------------------7 77 - = I ==
ConcI: sions A +— 100 \—Longitudinal reinforcement yaN
i Ly Barros, J.A.O. et al., “Blind competition on the numerical simulation of steel fibre
;I::I ' reinforced concrete beams failing in shear”, fib Structural Concrete Journal, 2021.
[w] http://dx.doi.org/10.1002/suc0.202000345
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= COFIT application

« 3PNBBT experimental results

« 10 specimens 25 .
Exp. avg.
Exp. env.
20
F
v F/b q\
® TN

Practical case hsp=125
demonstration

Force (ki\l)
(
/

I 5 N
J —lle— <5 T T —
—1Vte 250 ol 250 10— e LonteL T~
=150 o o
Results (mm) ;
0 1 2 3 4 5)
® CMOD (mm)
Conclusions
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= COFIT application - results

25 T
= Exp. avg. 3 I I I
== Exp. 5%
20 Exp. env. ®
2.25 —g— COFITxo; |
(= = COFIT
. N e S —— avg
é 15 F\":’f" \\ f/ %
~ 1.5 m
8 \\\ 8 ~—
S 10 N 8 L
Practical case = \‘~K = B
demonstration D 0.75 |- =
5
J 0 | |
0 0 1.5 3 4.5 6
0 1 2 3 4 5
Wemod (mm) w (mm)
Results CMOD (mm)

o
Conclusions
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= FE model

3 e=400 mm Flange transverse F Longitudinal Longitudinal Web transverse
A e=200 mm reinforcement (¢6Q75) / reinforcement (flange) reinforcement (flange) /  reinforcement (¢6Q75)
8 N A
i _‘r
o
o
<h
—\r AV
\—@ Steel elements \— Longitudinal reinforcement (bottom) Concrete elements P—
L | L
250 1500 3000 250
Practical case ,IL q|,
demonstration 5000
Ter A
t
O_cr“
n G . constant shear
s Ter ’ retention factor
N
ol | — P ! N
Results (gsuacsu) 1/ : &
T tcz;mz (=7 "7 TS Gf
) 4 2 il
cr [ /Bcr : \\ lb
O-,,vz 1.. E ! tcr 1,3-4 :
o ' ,Max ! 5
O e jl s | cr cr ycr
® O_cr r : . t,mazx tau
c luSi n3 EE \2\ 1 pF Shear Crack Statutes
onclusions o e N 1 - Stiffening
' N ! : — 2 - Softening
or per geer o 3 - Unloading
E02C 0 €, &
e Smmar Snd 7 4 - Reloading
5 - Free-sliding
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Practical case
demonstration

|

Results

®
Conclusions

FE model
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= 4. Conclusions

= COFIT is a practical, efficient and robust inverse analysis tool
= Results from 3PNBBT and RPT-3PS can be used
= COFIT shows a very good performance, and the values obtained for the multi-linear softening
diagrams were consistent with the material characteristics;
= Runtimes:
« 3PNBBT —1 to 2 minutes;
« RPT-3PS - 4 to 6 minutes;
= Results are not affected by the initial values provided by the user, demonstrating the robustness
of the automatic variable updating procedure;
= COFIT proved to be more accurate and faster than FEM-based approaches.
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