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Which tests exist ?

Very few experimental test results for: 

- middle-scale specimen 

- mixed mode crack propagation 

- quasi-fragile materials 

!

!

Main works on concrete: 

- 1982 Arrea & Ingraffea 

- 1992 Nooru-Mohamed 

- 1996 Brokenshire 

- 2001 Winkler 

Experimental approach of mixed-mode crack propagation in concrete 21

Figure 1.7: Spatial configuration considered during the Brokenshire tests [Jefferson et al.,
2004]

�

(a)

�

(b)

Figure 1.8: Crack patterns obtained for a prismatic sample after the complete fracture
[Jefferson et al., 2004]

Innovative tests for characterizing mixed-mode fracture of concrete: from pre-defined to
interactive and hybrid tests

22 State of the art

Figure 1.9: Spatial configuration considered during the Winkler tests [Winkler, 2001]

on plain concrete specimens, while a crack network is detected for reinforced concrete
(Figure 1.10).

One shortcoming of the present tests is that the geometry is the one inducing the
mixed-mode stress field, while the applied loading is a uniaxial vertical one. Therefore,
the present setup cannot be used to generate different crack patterns on the same sample
geometry. Moreover, when performing numerical simulation, the absence of the measured
data of the inductive pick-up labeled 4 in Figure 1.9 was noted. The data would have been
useful to quantify any rigid body motions that could have occurred during the test.

(a) (b)

Figure 1.10: Crack patterns obtained at the end of the test for a plain concrete specimen
(a) and a reinforced specimen (b) [Winkler, 2001]

Innovative tests for characterizing mixed-mode fracture of concrete: from pre-defined to
interactive and hybrid tests



The Nooru-Mohamed test

Largest test campaign: [Nooru-Mohamed, 1992] 
!
Principle: 

!
!
!
!
!
!
!
Results: 

!
Tension!

Shear!

Tension!

Shear!



An `unofficial’ benchmark

Articles using N-M for validation : both theoretical and numerical
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Many advantages 

 Mixed I-II 

 Non-trivial crack patterns 

 Stable crack propagation 

 Important database:  

 Different concrete formulations 

 Different sizes of specimens  

 Different loading histories 

Why so much interest ?
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Many advantages 

 Mixed I-II 

 Non-trivial crack patterns 

 Stable crack propagation 

 Important database:  

 Different concrete formulations 

 Different sizes of specimens  

 Different loading histories 

Some important drawbacks 

 Inconsistent force-displ. curves    

 Unavailable data: 

 Crack propagation  

 Material parameters 

 Measured boundary conditions 0	
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Motivation of the new test campaign
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Many advantages => main goals 

 Mixed I-II 

 Non-trivial crack patterns 

 Stable crack propagation 

 Important database:  

 Different concrete formulations 

 Different sizes of specimens  

 Different loading histories 

Some important drawbacks => special attention to 

 Inconsistent force-displ. curves => 3D loadcell    

 Unavailable data: 

 Crack propagation => full-field kinematic measurements 

 Material parameters => standard tests 

 Measured boundary conditions => 3D BC measurements 

 ensures a LONG stable propagation
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Loading principle
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Global tension: crack opening (= Nooru-Mohamed) 

!

!

Global shear: crack orientation (= Nooru-Mohamed) 

!

!

Global rotation: crack stabilisation (≠ Nooru-Mohamed) 



Specimens: shape, size and material

11

Effective water 
[kg/m3]

Cement  
[kg/m3]

Sand 0/4  
[kg/m3]

Plasticizer 
[kg/m3]

319 611 1235 5.25

38 Experimental setup

X = 0 mm

Y

Z

20 mm

Figure 2.2: Tomographic image of the specimen before test. Sand density is homoge-
neous. The darker upper part is due to tomographic reconstruction

1.2 Material properties

While performing complex tests, which will be used to identify model parameters or to
validate complex models, it is important to conduct an experimental campaign able to
assess the material properties.

In the present case the material is a mortar equivalent to the concrete used for the Ver-
cors mock-up [Galenne and Masson, 2012], a 1:3 scale version of a nuclear confinement
building described in more details in Chapter 1 Section 2.4.

The mix details for the present micro-concrete are reported in Table 2.1. Only one
batch of mortar was prepared. From this mix 16 samples of size 50×200×200 mm for
the multiaxial tests were cast and also several standard ones, 40× 40× 160 mm paral-
lelepipeds and 110×220 mm cylinders. All the samples are kept in the same conditions.

To identify the main material properties 3-point bending and compression tests were
performed. One can assess the Young’s modulus, the tensile stress and the compressive
stress. The 3-point bending tests perfomed to determine the fracture energy are presented
in Appendix D because they were performed a posteriori and the results were not used in
the present study. A small number of standard samples were used to perform these tests,
while the remaining ones can be tested a posteriori if extra information is needed.

1.2.1 Three point flexural tests

To determine the tensile strength and the Young’s modulus of the mortar, a series of 5
three point flexural tests on 40×40×160 mm specimens are performed. The specimens
are taken out of the waterbasin 3 days before the tests. The tests follow the standard 196-

Innovative tests for characterizing mixed-mode fracture of concrete: from pre-defined to
interactive and hybrid tests

slice of a 
tomographic image

VERCORS Mortar, not concrete !

     
50 mm 

thickness



Specimens: material parameters
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Specimen and material characteristics 39

1 NF-EN [NF EN 196-1, 2012]. To check if the measured Young’s modulus was rate-
dependent, 2 of the specimens are tested with a load rate 100 times lower, corresponding
to the order of magnitude of the strain rate for the tests performed on the hexapod.

During the 3-point flexural tests both the force and the displacements are recorded.
The displacements used to determine the Young’s modulus are measured via a global
and regularized DIC algorithm [Tomičevć et al., 2013]. The deflection of the sample is
considered to be the relative displacement between the center of the sample and the lateral
supports.

From the tests results it is observed that some variations of the Young’s modulus are
obtained during the standard tests, while the tests performed with the lower stain rate
exhibit almost no fluctuation. One may notice a slight dependence on the strain rate, the
Young’s modulus obtained for the lower strain rate being higher than the one obtained
with the standard strain rate (Table 2.2).

Concerning the tensile strength, its standard deviation has slightly more important
variations, but with no noticeable dependence on the strain rate, as shown in Table 2.3.

Table 2.2: Young’s modulus
Test 1 Test 2 Test 3 Test 4 Test 5

Load rate 50 N/s 50 N/s 50 N/s 0.5 N/s 0.5 N/s
E [GPa] 17.6 16.4 17.75 20.03 20.04

Mean [GPa] 17.25 ± 0.74 20.035 ± 0.005

Table 2.3: Tensile strength
Test 1 Test 2 Test 3 Test 4 Test 5

Load rate 50 N/s 50 N/s 50 N/s 0.5 N/s 0.5 N/s
Ft [MPa] 4.125 3.275 3.894 3.823 4.33

Mean [MPa] 3.8 ± 0.4 4.1 ± 0.4

1.2.2 Compression tests

The standard compression test described in 196-1 NF-EN standard was then performed
on the 5 broken specimens. The load is applied to a 40 × 40 mm surface at a load rate of
2400 ± 200 N/s up to the failure of the specimen. The measured compression strength is
given in Table 2.4.

Innovative tests for characterizing mixed-mode fracture of concrete: from pre-defined to
interactive and hybrid tests

Specimen and material characteristics 39

1 NF-EN [NF EN 196-1, 2012]. To check if the measured Young’s modulus was rate-
dependent, 2 of the specimens are tested with a load rate 100 times lower, corresponding
to the order of magnitude of the strain rate for the tests performed on the hexapod.

During the 3-point flexural tests both the force and the displacements are recorded.
The displacements used to determine the Young’s modulus are measured via a global
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Innovative tests for characterizing mixed-mode fracture of concrete: from pre-defined to
interactive and hybrid tests

3-point bending tests 
on 40x40x160 specimens 
(196-1 NF-EN standard)

40 Experimental setup

Table 2.4: Compressive strength values.
Test 1 Test 2 Test 3 Test 4 Test 5

Fc [MPa] 80.31 77.19 76.88 83.59 81.72
Mean [MPa] 79.94±2.9

2 Testing machine
In the present section the 6 degree of freedom testing machine and its particular control
mode are presented. Being a hexapod robot, the stiffness of the machine is not sufficiently
important to perform tests on concrete. Therefore, a specific optical 3D displacement
control loop was developed to correct in real time the applied displacements. The control
loop principle and a measurement error estimation are also presented.

2.1 Machine hardware
The machine used for the present study is an electromechanical testing machine [Nieren-
berger et al., 2012], based on a Bosch-Rexroth hexapod. It was developed for Renault’s
technical simulation center and used as driving simulator for truck cabins to study the me-
chanical behavior of components like suspensions and the brake system under dynamic
loading conditions1. Now it is completely adapted to perform mechanical tests even on
very stiff specimens. The six identical actuators denoted as (2) in Figure 2.3 are connected
to the fixed base (1) and the mobile platform (3) by universal joints.

Two coordinate systems have to be defined: Os-xsyszs, the base coordinate system and
Op-xpypzp, the coordinate system of the moving platform. Os is defined as the center of
the circle determined by the universal joints of the base and Op the center of the circle
passing through the platform joints. The control of the machine is performed with respect
to Op-xpypzp (Figure 2.4).

The relationship between the displacements of the upper end-effector and the linear
movements of the actuators can be established by using a kinematic model. It is con-
sidered to be a direct (forward) model when the pose of the end-effector is determined
from the six actuator lengths. The solution to this problem is not straightforward because
of its high nonlinearity for large displacement ranges, but it can be performed using the
Newton-Raphson method. The inverse model is used to determine the displacements of
the actuators corresponding to a certain position of the mobile platform.

The load capacity depends on the position of the end-effector and each actuator de-
velops a maximum axial force of 25 kN. Therefore, the machine is able to apply approx-
imately 120 kN & 70 kN.m along Z, 50 kN & 45 kN.m in the X −Y plane (the maxima
cannot be reached in every direction at the same time because of the parallel architecture
of the machine). The displacement space is also nontrivial but can roughly be presented as

1This machine was acquired thanks to J.M. Virely in 2005.

Innovative tests for characterizing mixed-mode fracture of concrete: from pre-defined to
interactive and hybrid tests

Compression tests  
on broken specimens 
at 2400+/-200 N/s 
(196-1 NF-EN standard)

3-point bending tests 
on 70x70x280 specimens 
(RILEM 1985 standard)

200 Fracture energy

The first 3 curves represented in dashed lines correspond to the samples extracted from
the waterbasin 7 days before the tests while the last 3 tests (continuous lines) correspond
to the samples extracted 12 hours before the tests. The humidity difference is clearly
noticeable on the fracture surface color (Figure D.3) and one may observe that the peak-
force is more important for the tests performed on the first 2 samples. Nevertheless, no
clear influence on the G f value is noticed (Table D.1).
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Figure D.2: Force-deflection curves obtained for the 6 flexural tests. The first 3 tests are
performed on samples extracted from the waterbasin 7 days before the tests, while the last

3 tests on samples extracted 12 hours before the tests

Figure D.3: Fracture surface of a sample extracted from the waterbasin 7 days before the
tests and a sample extracted 12 hours before the tests

Table D.1: Fracture energy values
Test 1 Test 2 Test 3 Test 4 Test 5 Test 6

G f [N/m] 88.26 129.89 124.73 94.96 133.42 116.48
Mean [N/m] 114.62±18.83

Innovative tests for characterizing mixed-mode fracture of concrete: from pre-defined to
interactive and hybrid tests

= 114.6 ± 18.8 N/m.

Appendix D

Fracture energy
In order to determine the fracture energy of the concrete material presented in Chapter 2
Section 1.2, a series of 6 three point flexural tests are performed.

The tests are conducted on 70×70×284 mm specimens. A central notch of 5×35 mm
is sawed before the tests (Figure D.1). The samples were kept in the same conditions as
the specimens used for the mixed-mode fracture tests on the hexapod testing machine. In
order to observe the influence of the sample’s humidity on the fracture energy, 3 samples
were extracted from the waterbasin 7 days before the tests and the other 3 only 12 hours
before the tests.

The tests are performed in conformity with RILEM 1985, the supports and the loading
arrangements acting on the beam being statically determinate and the test conducted in
displacement control. During the experiment both the force and the deflection of the
beam are recorded until the beam is completely separated into two halves. The deflection
is measured along the neutral axis using a displacement sensor and is considered to be the
displacement of the center of the beam with respect to the two supports.

The fracture energy is computed using the equation:

G f =
(W0 +mgδ0)

Alig
[N/m] (D.1)

where
Wo = the area under the force-deflection curve [N/m];
m = ml +2m2 [Kg];
ml = the weight of the beam between the supports;
m2 = the weight of the part of the loading arrangement which is not attached to the ma-
chine, but follows the beam until failure, considered equal to 0 in the present study;
g = acceleration due to gravity, 9.81 [m/s2];
δ0 = deflection at the final failure of the beam [m];
Alig = area of the ligament [m2].

35

L=284
l=210

h=70

Figure D.1: Three point flexural tests specimen geometry

The results in terms of force-deflection curves are given in Figure D.2 for the 6 tests.
For a better visualization, a zoom is also given for a deflection between 0 and 0.3 mm.

Innovative tests for characterizing mixed-mode fracture of concrete: from pre-defined to
interactive and hybrid tests
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! ! Essai!de!type!Nooru/Mohamed!sur!l'hexapode! Projet!CONCRET!
!

!
Mathieu!NIERENBERGER!! 45! 19/06/2010!

3) Réalisation,
!

La! fabrication! de! l'intégralité! du! montage! d'essai,! ainsi! que! du! capteur! hexapode! a! été! confiée! à! DM!
Industrie.!L'ensemble!des!pièces!n'ayant!pas!été!reçu!au!même!moment,!un!premier!essai!a!été!effectué!en!
remplaçant! le! capteur! hexapode! par! un! IPN! et! en! utilisant! la!mesure! de! courants! pour! obtenir! une! valeur!
approximative!des!efforts!en!jeu.!Cet!essai!est!présenté!dans!le!paragraphe!suivant.!

!
Après!réception!de!l'intégralité!des!pièces,!le!montage!global!suivant!a!pu!être!obtenu!:!

Electrical jack

6 DOF Load cell

Mobile Platform

Specimen space

Force capacity ~ 120 kN 
Torq. capacity  ~ 70 kN.m

Displ. range  ~ 500 3 mm 
Rot. range     ~ 45° 3

Force uncertainty: ~80 N et ~20 N.m 
!

control loop sampling: 4 ms



Loading: DIC-based control loop

LV!
computation!

Cam(1)!

Cam(i)!

Cam(n)!

GPUs!I-DIC!

solver!

co
nv
er
ge
nc
e!

DOFcom! PID!

YE
S!

NO
!

LVeq!

20Hz!

• 3 CCD cameras @ 20 Hz 

• Complete computation time (GPU +CPU) < 50 ms 

• Actuator displacement uncertainty < 1 µm 

• Machine displacement uncertainty ~ 1 µm 
!
!

[LeFlohic et al. 2014] 



Camera setup
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• DIC : 2 cameras @ 0.2 Hz 
• T1  
• T2 

• Stereo DIC : 4 DSLR cameras @ 0.2 Hz 
• S1l & S1r 
• S2l & S2r  

• (T1, T2) 
!

• Possible measurement : 
• full field 2D on each face [Tomicevic et al., 2013] 
• full field 2.5D on each face [Beaubier et al., 2014] 
• relative RBM of the plates

2D DIC
uncertainty (µm) (pix)

along Y 2.4 0.018
along Z 1.3 0.010

Relative RBM
uncertainty Trans (µm) Rot (10

along X 0.07 0.4
along Y 0.68 7.7
along Z 1.77 1.1



Complete setup   



Complete setup   

Grips!



2D DIC!

Stereo DIC!

6 Displacement!
sensors!

Complete setup   



in an elastic loading up to 10 µm along Y and Z, followed by an unloading at

the same rate. During this step all the measurements are checked as well as the

overall response of the testing machine.190
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Figure 4: The di↵erent loading paths reported herein.

They consist of:

• Four identical proportional tests labeled P4 to P7 (tests P1 to P3 were

used to develop and validate the setup and are not presented herein). They

were chosen similar to the so-called 6a test [24, 17], namely, displacement

controlled with a constant ratio between ‘shear’ and ‘tension’ loading rates195

U̇Y

U̇Z
= 1. The loading rate was set to 8.33 ⇥ 103 µm/s, so that each test

lasted several hours. They are identical to assess the reproducibility of

the loading history. They also allow the di↵erences in terms of crack path

and instability threshold to be assessed.

• Two 2-step non-proportional tests labeled NP1 and NP2. They are identi-200

cal to show the reproducibly of the loading history, di↵erence of the crack

path and a bifurcation phenomenon. They are similar to test n. 5 reported

by Nooru-Mohamed et al. [24, 17]. They are not strictly equivalent since

the authors first used a displacement control mode for shear loading, and

then kept a constant shear force while increasing the tensile displacement.205

In the present every loading step was displacement controlled.

• One 3-step non-proportional test labeled NP3. The first two steps are

identical to those of NP1 and NP2, but a bifurcation is expected since the

shear direction is changed during the third step.
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Choosing tests

N-M-like tests (limited to displacement control) 

Validate machine/protocol 

Confirm (force/displacement measurement) 

Enrich (full-field measurement) 

= 
6a N-M tests 

(displ. control)

~ 
5 N-M tests 

(displ.+force control)

  
no equivalent 

 

prop. n-prop.
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Choosing tests

« CARPIUC » tests 

Prove testing machine interest: in-plane & out-of-plane DOF are relevant  

Prove testing protocol : stable mode I-II propagation 

Build rich database 

stable propagation 

multiple initiation 

réorientation 

branching 

linking
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Figure 5: Single reorientation test IT1. Expected crack path (a) and corresponding loading

path (b). Pr stands for the position along Y of the center of rotation.

From a scientific point of view, the data associated with stable crack prop-

agation and reorientation are of interest. Friction of the crack mouth is145

possible after the first propagation step since the shear component in the

opposite direction during the second step tends to close the part of the

crack created during the first step.

• Crack link-up test (IT2). The technical interest of this test was to show

that it was possible to independently initiate and propagate two cracks150

(Fig. 6(a)) by adjusting the in-plane rotation. A loading path consisting

of two rotations of opposite sign, with their center of rotation P
r

kept at

0, coupled with shear and then a final proportional tension-shear loading

was applied (Fig. 6(b)).
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« CARPIUC » tests : goals

Test
1 2 3 4

I-II

stable +++ ++ +++ +

reorientation ++ ? +++

branching +++

multiple ini. +++ ?

linking +++

 III +++
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Choosing tests
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of two rotations of opposite sign, with their center of rotation P
r

kept at

0, coupled with shear and then a final proportional tension-shear loading

was applied (Fig. 6(b)).
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« CARPIUC » tests : how ?

Choosing tests
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N-M-like tests results in a nutshellin an elastic loading up to 10 µm along Y and Z, followed by an unloading at

the same rate. During this step all the measurements are checked as well as the

overall response of the testing machine.190
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30

P4-7 NP1-2 NP3

Figure 4: The di↵erent loading paths reported herein.

They consist of:

• Four identical proportional tests labeled P4 to P7 (tests P1 to P3 were

used to develop and validate the setup and are not presented herein). They

were chosen similar to the so-called 6a test [24, 17], namely, displacement

controlled with a constant ratio between ‘shear’ and ‘tension’ loading rates195

U̇Y

U̇Z
= 1. The loading rate was set to 8.33 ⇥ 103 µm/s, so that each test

lasted several hours. They are identical to assess the reproducibility of

the loading history. They also allow the di↵erences in terms of crack path

and instability threshold to be assessed.

• Two 2-step non-proportional tests labeled NP1 and NP2. They are identi-200

cal to show the reproducibly of the loading history, di↵erence of the crack

path and a bifurcation phenomenon. They are similar to test n. 5 reported

by Nooru-Mohamed et al. [24, 17]. They are not strictly equivalent since

the authors first used a displacement control mode for shear loading, and

then kept a constant shear force while increasing the tensile displacement.205

In the present every loading step was displacement controlled.

• One 3-step non-proportional test labeled NP3. The first two steps are

identical to those of NP1 and NP2, but a bifurcation is expected since the

shear direction is changed during the third step.
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Very early unstable propagation 

Surface crack ≠ bulk crack 

Surface cracks differ for the same loading 

Surface cracks ≠ final cracks 

Apparent ligament ≠ stiffness decrease 

prop. n-prop.
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Figure 7: Displacement fields on face 1 at the end of stable crack propagation for the propor-

tional tests.
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Figure 13: Displacement fields on face 2 at the end of stable crack propagation. The face 2

images are flipped to make the comparison easier.

5. Discussion

For the four proportional tests presented herein, the results show two groups

of force-displacement responses in both Z ‘tensile’ and Y ‘shear’ axes. This

is an indication that the scenarios of failure sometimes di↵er, but this sole315

information does not allow the phenomenon to be completely understood. The

crack patterns observed by DIC are also divided into the same two groups. The
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Test 3 : Expected crack path

•  Several reorientations 

• Possible branching
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CARPIUC test 3: force and crack evolution
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Step 2

0 0.5 1 1.5 2 2.5 3
x 104

−6

−4

−2

0

2

4

6
0 1 2 3 4 5 6 7

Time [s]

Fy
 [k

N
] 

CARPIUC test 3: force and crack evolution



29

Step 3
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Step 4
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Step 5
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Step 6

0 0.5 1 1.5 2 2.5 3
x 104

−6

−4

−2

0

2

4

6
0 1 2 3 4 5 6 7

Time [s]

Fy
 [k

N
] 

CARPIUC test 3: force and crack evolution



33

Step 7
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CARPIUC test 3: force & displ.

(Test duration ~ 9h30)
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!
!

Force-displacement curves: 

• loss of stiffness 

• crack closure 

0-1
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CARPIUC test 3: force vs displ.



CARPIUC tests 3: final state

X = 15 mm

Y

Z

10 mm

X = 0 mm

Y

Z

10 mm

X = -15 mm

10 mm Y

Z

Tomography with zinc iodide

Crack front is not perfectly 
straight between the 2 faces
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CARPIUC test 3: data

Raw: 

• Force: 25.2 Mb 

• LVDT: 25 Mb 

• Images from 2 front cameras: 0.1Tb 

• Images from 4 sides cameras: >1 Tb 

!

Processed: 

• Mono DIC: 1 Tb      

• Stereo DIC: not fully processed 

• Boundary condition from DIC: 6.8 Mb
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Benchmark principle
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Data are not restricted to some key moments of the tests, but are on the contrary 
available for a very large number of time steps from the beginning to the end of the 
loading. 
In order to exclude any issues when modeling the loading plates and the glue layer, the 
DIC mesh node displacements corresponding to a resized sample of 200 x 150 mm are 
extracted and applied to the finite element model on its boundaries (Fig. 9). Therefore, 
the numerical geometry must be 200 x 150 mm (respectively 50 x 200 x 150 mm for 
3D simulations).  
 

 
Fig. 9 The full-field boundary conditions extracted from DIC measurements that will be used to 

perform 2D numerical simulations 
 
 

For each face of the sample two “Boundary conditions” files will be provided for 
different timestep, one containing the displacements to be applied to the lower 
boundary of the sample and the other one containing the displacements for the upper 
one. Each "BoundaryConditions" file will be structured in 3 columns: 

 
Column 1: The width coordinate (y axes) corresponding to the displacements values, 
given  [mm] for a coordinate system that has the origin in the centre of the sample 
Column 2: The horizontal displacement (Uy) [mm] 
Column 3: The vertical displacement (Uz)  [mm]  
 
Example of boundary conditions data: 

 
Coord_Y UY UZ 

-94.821924 
-90.945574 
-85.124886 
-81.243314 
-77.358421 
-73.470135 

0.001203 
0.001145 
0.001027 
0.000923 
0.000811 
0.000747 

0.000514 
0.000602 
0.000607 
0.000541 
0.000424 
0.000331 

 
Since measured BCs are used, they are not necessarily very smooth, and even small 
global perturbations can create local stress concentrations, therefore damage 
localization.  
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digital image correlation[mm]

[m
m

]

 

 

Uy [µm]Y

Z

50 100 150 200 250

50

100

150

200

250

−200

−150

−100

−50

0

[mm]

[m
m

]

 

 

Uz [µm]50 100 150 200 250

50

100

150

200

250

−100

−50

0

50

100

150

150

Undamageable area

Undamageable area

Available data for test simulation: 

Specimen geometry 

Standard material parameters 

F-d curves for Gf identification 

Boundary conditions temporal evolution 

Available data for checking results: 

Force & torque temporal evolution 

Displacement fields at some specific time steps



Online database

40zenodo.org/record/1477016

• DOI: identification and citation  
• Flexible licensing: 

• Closed 
• Restricted 
• Embargoed 
• Open 

• Safe: CERN’s LHC cloud infract.
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Code_Aster test-case 
SSNP168 
Endommagement d'éprouvettes béton de type Nooru-Mohamed 

For damage model validation 

Proposed optimized 2D meshes 

www.code-aster.org/V2/doc/default/fr/man_v/v6/v6.03.168.pdf 

!
!
!
!
!
!

Physical database ;) 
Samples are still available 

4x416 
7x7x28 
16x32 

Kept in PH-balanced water, room temperature 
Ask if needed

Dear M. Poncelet, 

...



2017: 

7 teams (2 international) 

6 different approaches: 

Beam-particle 

Cohesive zone 

Microplane 

Phase field 

Non-local damage 

Thick Level Set 

2019 (up to now) 

1 Phase field (1 team) 

1st deadline : tomorrow  

Keypoints: 

Different values of fracture energy were used to match ! 

Simulated Force-Displacement curves roughly agreed 

Crack propagation simulation is not difficult, but other phenomenon are 

Imposing full-field BC is difficult for some codes

CFRAC17 & CFRAC19 benchmark summary
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3.3. Specimen 1 - 3D simulation

Figure 6: 3D crack propagation for di↵erent loading steps, obtained from the numerical simulation using

phase field method: Specimen 1

6

Beam-particule

Phase-field
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Outline

Motivation 

Experimental protocol 

Principle 

Technical settings 

Loading paths 

Experimental campaign results 

N-M-like tests 

CARPIUC tests 

Spreading the data 

Summary & perspectives



Long term work (2008-2019) from machine design to simulations 

Based on a simple idea: « just » improving a well-known test 

A lukewarm validation of Nooru-Mohamed results 

CARPIUC test validation interest: 

Restricted material type 

Stupid for propagation simulation 

Rich for other phenomena: 

reorientation 

branching 

link-up 

Large communication 

Articles 

Benchmark sessions 

Downloadable data 

Several teams already challenged !

Summary
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Hydrid testing with real and virtual specimen to have sensitive tests

Perspectives: toward hybrid testing

Length scale variation in percent
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