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Abstract. The main purpose of this study is to investigate the effects of the stress path, size and shape 
of the specimen, on the optimum values of the plastic input parameters of Concrete Damaged Plasticity-
CDP- model of the ABAQUS software. This study concentrates on eccentricity, dilatation angle and viscos-
ity input parameters. To finding optimum values of the mentioned parameters, an objective function which 
estimates the error of the model predictions was defined and tried to minimize. For evaluating the effect of 
the stress path on this optimization procedure, four different standard tests were simulated by the ABAQUS 
software: uniaxial compression, dual compression, dual-border cut specimen and three-point bending tests. 
For studying the effect of the size of the specimen, the three-point bending test, with three different sizes of 
the beam were modeled in the ABAQUS software. Furthermore, for investigating the effect of the specimen 
shape on the input parameters, a notched disk in a tensile stress field was modeled. Obtained results demon-
strated that the path of the stress can influence significantly on the optimum values of the input parameters, 
while it was revealed that the CDP model can automatically take into account the size and shape effects in 
the simulation.
Keywords: concrete damage plasticity, stress path, size effect, shape effect, ABAQUS.
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Introduction

Accurate modeling of the behavior of concrete struc-
tures under the action of different loading conditions is 
a crucial task. To this end, an enhanced material mod-
el of concrete is needed to be formulated and placed 
into a powerful finite element program. This concrete 
material model should inevitably be capable of appro-
priately representing both elastic and plastic behavior 
of the concrete in compression and tension. All other 
stress fields which develop in a problem domain can 
be captured by proper combinations of these two basic 
behaviors. Furthermore, such a material model also 
has to be able to preserve its efficiency if the geometri-
cal characteristics of the problem domain are changed. 
In other words, a powerful material model must be so 
formulated to become insensitive to the size and the 
shape of the specimen. These two mentioned attributes 

are essential for every material model to become a gen-
eral applicable model. The Concrete Damaged Plastic-
ity or in the abbreviated form as CDP model of the 
ABAQUS standard software is a sophisticated material 
model of concrete and the authors of this paper are 
intended to investigate whether this model satisfies the 
two above mentioned fundamental conditions.

The two main typical concrete failure mecha-
nisms are cracking due to tension and crushing due to 
compression. CDP model is a continuum, plasticity-
damage based model for concrete (Dassault Systèmes 
2008). It considers the two mentioned above concrete 
failure mechanisms. The CDP model of the ABAQUS 
software has been developed based on a theory first 
introduced by Lubliner et al. (1989) and was developed 
later by Lee and Fenves (1998). Much research has 
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been carried out in recent years on CDP model among 
them the followings are the most cited ones. Birtel and 
Mark (2006) have conducted a parametric study on 
the shear failure mechanism of a reinforced concrete 
beam using CDP for concrete constitutive model. Sa-
deghi and Fathali (2007) investigated the degradation 
of old concrete bridges under unexpected loads using 
CDP model. Kmiecik and Kaminski (2011) have Mod-
eled reinforced and composite concrete structures with 
concrete strength degradation and discussed the input 
parameters that it used by the CDP model. Sadeghi and 
Fathali (2012) analyzed concrete deck of a bridge using 
CDP in grillage analogy (GA). Javier Rodrigues, Fran-
cisco Martinez, and Joaquin Marti (2013) have been 
developed a methodology for mechanical behavior 
simulation of the concrete material based on the CDP 
model and implemented the data from the triaxial 
tests at various confining pressures for calibrating the 
dilation angle input parameter. Szczecina and Winn-
icki (2015) have conducted a sensitivity analysis of the 
CDP model input parameters in ABAQUS and focused 
on the viscosity parameter in tension test and dilation 
angle in compression test. Yusuf Sümer and Muharrem 
Aktaş (2015) have defined input parameters for CDP 
model by simulating three different four-point bend-
ing reinforced beams with different grades of concrete 
and other specifications. Labibzadeh (2015) and La-
bibzadeh and Elahifar (2015) have employed the CDP 
model for the numerical simulation of the strength-
ened RC slabs with CFRPs and calibrated the input 
parameters using some different tests such as biaxial 
compression test, three-point bending concrete beam 
test and four-point bending reinforced concrete beam 
test. Labibzadeh et al. (2017a) presented a new method 
for finding the optimum values for input parameters of 
the CDP model which can guarantee the uniqueness 
and the precise of the obtained results. They suggested 
the use of the results of the different standard tests of 
the concrete for the calibrating the input parameters of 
the CDP model. Labibzadeh et al. (2017b) implement-
ed a modified version of CDP model in an innovative 
inverse method to evaluate the long-term behavior of 
an aged concrete structure. Sadeghi et al. (2017) con-
ducted a research on the mechanism of transfer of load 
from railway to concrete slab support and improved 
the current practice of design of such slabs using CDP 
with a nonlinear model.

Authors of this present paper decided to find a 
set of optimum plastic parameters of the CDP model 

considering two important effective factors which have 
not been considered in the above mentioned studies: 
stress path and size effects. To take into account the 
effects of the first factor, four standard tests, i.e., uni-
axial compression, biaxial compression, dual-border 
cut specimen and three-point bending tests have been 
selected form validated literature and simulated by the 
ABAQUS software. The concrete characteristics used 
in these three tests are very close to each other, there-
fore, this condition can provide a situation in which 
only the stress path plays the key role in obtaining 
different results. The procedure for study the effect of 
stress path on the input parameters of the CDP model 
was to define an objective function for each test and 
then to minimize it for each parameter by assuming 
the constant value for the other parameters. Hence, the 
effect of each parameter can be checked in the result of 
finite element analysis (FEA). The objective or residual 
function, R, is considered as the root of the ratio of the 
sum of the squares of the differences between the value 
of stresses obtained from the experiment and FEA re-
sults in the same strain to the sum of the squares of the 
experimental data in the case of uniaxial and biaxial 
compression tests. For the other two remained tests; 
dual-border cut specimen and three point bending, the 
objective function is defined as the root of the ratio 
of the sum of the squares of the differences between 
the value of loads obtained from the experiment and 
FEA results in the same displacement to the sum of 
the squares of the experimental data. For assessment 
of the size effect on the other hand, the three-point 
bending test with two extra sizes have been modeled 
named as medium and large sizes and the same ten-
sile strength of the concrete (ft) were used for these 
three sized three-point bending tests. For evaluating 
the effect of shape of the input parameters of the CDP 
model, a notched disk with mode I cracking pattern 
of failure was modeled in ABAQUS software. For this 
test, the optimum input parameters obtained for three-
point bending test were utilized.

1. Compressive and tensile behavior  
of the CDP model

The constitutive model used in this study for concrete 
is the Concrete Damaged Plasticity (CDP) Model for-
mulated in the ABAQUS software. It assumes that the 
main two failure mechanisms are tensile cracking and 
compressive crushing of the concrete material. The 
evolution of the yield (or failure) surface is controlled 
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by two hardening variables, e 
pl
t  and epl

c (tensile and 
compressive equivalent plastic strains, respectively) 
related to failure mechanisms under tensile and com-
pressive loading, respectively. The model assumes that 
the uniaxial tensile and compressive response of con-
crete is characterized by a combined damage plasticity 
phenomenon.

According to these figures, under uniaxial ten-
sion, the stress-strain response follows a linear elastic 
relationship until the value of the fracture stress, sto, 
is reached. This cracking stress corresponds to the on-
set of visible cracking in the concrete material. Beyond 
this stress, the growth of cracks is represented mac-
roscopically with a softening stress-strain response, 
which induces strain localization in the concrete struc-
ture. When the concrete specimen is unloaded from 
any point on the strain softening branch of the stress-
strain curve, the unloading response is weakened and 
the elastic stiffness of the material is degraded or dam-
aged. The degradation of the elastic stiffness is char-
acterized by a damage variable in tension, dt, which 
can take values from zero, representing the undam-
aged material, to one, representing the total loss of 
strength. Under uniaxial compression, the response 
is linear elastic until the value of the initial yield, sco 
is met. In the plastic regime, the response is typically 
characterized by strain hardening followed by strain 
softening beyond the ultimate stress, scu. When the 
concrete specimen is unloaded after the initial elastic 
behavior, the unloading response is weakened and the 
elastic stiffness of the material is reduced or damaged. 
The degradation of the elastic stiffness is characterized 
by a damage variable, dc,which can take values from 
zero, representing the undamaged material, to one, 
representing the total loss of strength. It is assumed 
that the uniaxial stress-strain curves can be converted 
into stress versus plastic-strain curves using the Eq. (1) 
and (2): 
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where epl
t  and epl

c  are equivalent plastic strains in ten-
sion and compression respectively, the eck

t  is the crack 
strain, ein

c  is the inelastic strain, dt and dc are the dam-
age variables in tension and compression respectively, 
st and sc are the tension and compression stresses re-
spectively and finally E0 is the initial undamaged elas-
tic stiffness of the material. 

In this study, to simulate the concrete behavior in 
compression for the simulation of the two first tests, 
i.e., the uniaxial and biaxial compression tests, the 
experimental results of Kupfer and Gerstle have been 
used (Kupfer, Gerstle 1973). But, for the third test, i.e., 
three-point bending test, the compressive stress–strain 
relationship of concrete model proposed by Popovics 
was incorporated (Popovics 1973). In this model, the 
value of compressive concrete stress (fc) is a function 
of concrete strain (ec) which can be derived from the 
following equation:
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Many researchers proposed a stress–strain rela-
tionship for concrete in tension. The strain-softening 
part (after cracking) of the model can be linear, bi-
linear or reciprocal function (Wang, Hus 2001; Shima 
et al. 1987). In this study, for the concrete a bi-linear 
strain-softening model were incorporated to simulate 
the concrete behavior in tension (Massicotte et  al. 
1990). The bi-linear strain-softening model decreases 
from point (ecr; ′tf ) to point ( e5 cr ; ′ / 3tf ) with the slop 
of ( e′ / 6t crf ) and from point ( e5 cr ; ′ / 3tf ) to ( e16 cr; 0 ) 
with the slop of ( ′ e/ 33t crf ).

2. Plastic input parameters of the CDP model

To define the CDP model in the software, three main 
groups of the input parameters including of plasticity, 
compressive behavior and tensile behavior must be 
entered in the package by the user. To complete the 
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compressive and tensile behavior parts, the experi-
mental results of the uniaxial compression and tension 
tests are utilized respectively. However, the plasticity 
input parameters includes five different parameters as 
dilation angle y in the p-q plane, flow potential ec-
centricity (e), the ratio fbo / fco of biaxial compressive 
yield stress to uniaxial compressive yield stress, the co-
efficient Kc of the second stress invariant on the tensile 
meridian to that on the compressive meridian for the 
yield function and viscosity parameter. Three param-
eters of the mentioned parameters including dilation 
angle (y), eccentricity (e) and viscosity parameter have 
been calibrated in this study while for two the other re-
mained parameters the default values have been used. 
Value of the fbo / fco according to the Kupfer and Ger-
stle (1973) considered as 1.16 and the value of Kc is 
defined as 0.67 for concrete (Dassault Systèmes 2008).

3. Effect of stress paths on the input parameters

3.1. Compression tests

The first two tests for calibration of the input param-
eters were selected as uniaxial and biaxial compression 
tests. These two tests were selected as representatives 
for stress paths lying on the compressive and tensile 
meridians in the p-q coordinate system respectively. 
P and q are the equivalent stresses denote the hy-
drostatic and Von Mises stresses respectively. The di-
mensions of the cubic specimen were considered as 
20 cm * 20 cm * 5 cm. The size of the specimens was 
similar to the corresponding experimental samples im-
plemented by Kupfer and Gerstle in their tests. 

3.1.1. Finite element model

The finite element models of the cubic samples were 
simulated in ABAQUS software for the uniaxial and 
dual compression tests as shown in the Figures 1 and 
2 respectively. For these FE models, the 8-noded linear 
hexahedral element (C3D8R) with a reduced integra-
tion formulation and a size element of 10  mm were 
chosen which gave the closest results when compared 
to the experimental results. This element size was se-
lected after performing several sensitivity analyses with 
different element sizes and finding the best agreement 
with experimental data. For the uniaxial compression 
model, two rigid plates at the top and bottom of the 
cube and for the biaxial compression model two rigid 
plates at the bottom and lateral side of the cube were 
considered to simulate uniform pressure on the sur-

faces and avoiding the concentrated stress effects. The 
analysis was performed using the static-general step 
type of the analysis module after the initial step. The 
load was exerted on the cube surface by defining a ref-
erence point at the top plate and assigning a prescribed 
displacement to that reference point for the uniaxial 
compression model, and specifying a controlled dis-
placement to the free top and lateral surfaces of the 
cube with a ratio of 1:1 for the biaxial compression test.

3.1.2. Calibration of parameters

The variation of the objective function, R, defined ear-
lier in the introduction section, versus different eccen-
tricities with a dilation angle as y = 30 and a viscos-
ity parameter equal as 0.0001 for uniaxial and biaxial 
compression tests were illustrated in Figure 3 and fig-
ure 4 respectively. As it can be seen from these pic-
tures, the changing in the eccentricity has a very low 
effect on the value of the objective function. The value 
of the objective function becomes smallest when the 
eccentricity is 0.1.

Fig. 1. Finite element model of the uniaxial compression test

Fig. 2. Finite element model of the dual compression test
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Another parameter that must be optimized is 
the dilation angle. To this end, all other parameters 
assumed constant. The change of the objective func-
tion versus different dilation angles with eccentricity 
equal to 0.1 and viscosity parameter as 0.0001 for uni-
axial compression and biaxial compression tests were 
depicted in Figures 5 and 6 respectively. As shown in 
these figures, the value of the dilation angle, y  = 5, 
minimizes the objective function, R, but like the ec-
centricity this parameter has a low effect on the value 
of the objective function.

The last parameter which has been calibrated in 
this stage of the study is the viscosity parameter. Ob-
tained results show that changing in the value of the 
viscosity parameter has more effect on the value of the 
objective function with respect to the other parame-
ters. The trend of variation of the objective function 
versus different viscosity parameters with a dilation 
angle y = 30° and eccentricity ò = 0.1 for uniaxial and 
biaxial compression tests was shown in Figures 7 and 
8 respectively. As shown in these figures, the value of 
the objective function becomes minimum when the 
viscosity parameter reaches to 0.0001.

The obtained optimized dilation angle (y), ec-
centricity (ò) and viscosity parameter using uniaxial 
and biaxial compression tests have been summarized 
in Table 1. It is interesting to note that for these two 
tests, the same optimum input parameters have been 
obtained.

Table 1. Selected parameters which minimize the objective 
function in uniaxial and biaxial compression test

number parameter value

1 ò 0.1

2 y 5
3 Viscosity parameter 0.0001

Comparisons between axial stress-strain curves of 
uniaxial and biaxial compression tests with the corre-
sponding experimental curves of Kupfer and Gerstle 
(1973) were made and shown in Figure 9 and Figure 
10 respectively using the obtained input parameters in 

Fig. 3. The values of the objective function versus different 
eccentricities in uniaxial compression test

Fig. 4. The values of the objective function versus different 
eccentricities in biaxial compression test

Fig. 5. The value of the objective function versus dilation angle 
in uniaxial compression test
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Fig. 6. The value of the objective function versus dilation angle 
in biaxial compression test

Fig. 7. The value of the objective function versus viscosity 
parameter in uniaxial compression test

Fig. 8. The value of the objective function versus viscosity 
parameter in biaxial compression test
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Table 1. It can be seen from these figures that these 
parameters can simulate the behavior of concrete ac-
curately and resulted in a good agreement between the 
finite element analysis (FEA) and the experiment. The 
percentages of error in estimating the peak stress in 
uniaxial and biaxial compression tests are 0.7% and 
2% respectively. 

3.2. Dual Border-Cut Specimen test

For considering the effect of shear stress path on the 
optimum input parameters of the CDP model, a dual-
border cutted specimen was modeled in this study. Di-
mensions of this specimen are shown in Figure 11 (Zi 
et al. 2007). In this test, at first, the specimen is loaded 
by shear force without any vertical force. At a distinct 
level of shear load, the pattern of loading is changed 
and vertical load is then applied. 

The material properties used for developing 
model in ABAQUS software are according to (Zi et al. 
2007) as compressive strength ′ = 2 a)( 6 MPcf , splitting 
tensile strength = 3.7 a)( 8 MPsf , that yields accord-
ing to the CEB-FIP model code a tensile strength of 

= 0.8 )( t sf f , initial Young’s Modulus (E  = 29 GPa), 
Poisson’s ratio (J = 0.22).

3.2.1. Finite element model

The finite element model developed in the ABAQUS 
software is depicted in Figure 12. For modeling of the 
specimen, the most elements used are C3D8R solid el-
ement and near to the grooves the C3D4 tetrahedral 
element was used. The element size after doing several 
sensitivity analyses was considered equal to 10 mm for 
the whole of the specimen except for the upper and 
lower parts in which the 15 mm element size was uti-
lized. The total number of elements used for modeling 
was obtained as 14583. 

3.2.2. Calibration of the parameters

Figures 13 to 15 represent the variation of the objective 
function versus the eccentricity, dilation angle and vis-
cosity parameters respectively. The optimum values for 
these input parameters have been summarized in Ta-
ble 2. The load-displacement curve of ABAQUS model 
developed in current study using the input parameters 
of Table 2 has been compared with the corresponding 
curve obtained from experiment (Zi et al. 2007) in Fig-
ure 16. As it can be seen from this figure, there is a 
good agreement between these two curve types.

Fig. 11. A dual-border cut specimen (Zi et al. 2007) 

Fig. 9. Comparison of stress-strain responses of current 
study and experiment (Kupfer, Gerstle 1973) in uniaxial 

compression test

Fig. 10. Comparison of stress-strain responses of current study 
and experiment (Kupfer, Gerstle 1973) in biaxial compression test
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Table 2. Selected parameters which minimize the objective 
function in dual-border cut test

number parameter value
1 ò 0.3
2 y 50
3 Viscosity parameter 0.00001

3.3. Three-point bending of a Notched beam test

A simply supported notched beam with a concrete ten-
sile strength of ft = 3.6 MPa was selected as another 
example for assessment of the effect of stress path on 
the CDP input parameter performance. In this test, the 
mode I of tensile cracking has been simulated. The ten-
sile strength of the concrete in this test is very close to 
the corresponding value in the previous two tests. The 
dimensions of the beam are illustrated in Figure 17,  
h * L = 8 cm * 32 cm and the thickness of the beam 
is 4 cm. The dimensions of the beam were chosen ac-
cording to the corresponding beam which has been 
tested in laboratory by Le Bellego et al. (2003).

3.3.1. Finite element model

Finite element analysis (FEA) was performed to de-
velop reliable models based on experimental results 
which can simulate the behavior of three-point bend-
ing notched beam. As shown in the Figure 18, the FE 
model of three-point bending notched beam was de-
veloped using ABAQUS/CAE. In the simulation, for 
the beam part, the linear tetrahedral element (C3D4) 
was used. The mesh size of the element in the mid-
dle of the beam was considered as 5 mm and in the 
remaining of the beam, the size of 10 mm was used 
which gave the best results in the simulation when 
they are compared to the experiment. The analysis was 

Fig. 13. The values of the objective function versus different 
eccentricities in dual-border cut test

Fig. 14. The values of the objective function versus different 
dilation angles in dual-border cut test
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Fig. 15. The values of the objective function versus different 
viscosity parameters in dual-border cut test
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Fig. 18. Finite element model of the three-point  
bending beam with small size
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defined in static-general step. The loading was exerted 
on the beam by defining a reference point at the top of 
the beam and assigning a prescribed displacement to 
that reference point.

3.3.2. Calibration of parameters

The variation of the objective function, R, versus dif-
ferent eccentricities with a dilation angle y = 20 and 
a viscosity parameter equal to 0.0009 was shown in 
Figure 19. As shown in this figure, changing in the ec-
centricity has a low effect on the value of the objec-
tive function and when the eccentricity, ò = 0.8, the 
residual function, R, becomes minimized.

Another parameter that has been calibrated in the 
present study for three-point bending test is the dila-
tion angle, for doing that all the other parameters as-
sumed constant. The change of the objective function 
versus different dilation angle with ò = 0.5 and viscos-
ity parameter = 0.0009 was depicted in Figure 20. As 
shown in this figure, the value of dilation angle, y = 
25, can minimize the objective function.

The last parameter that has been considered for 
the optimization was the viscosity parameter and it 
was observed that changing of the value of the viscos-
ity parameter has more effect on the value of objective 
function rather than to other parameters. Figure 21 
shows the performance of the value of the objective 
function versus different viscosity parameters with 
y = 20 and ò = 0.5. As shown in the Figure 21, the 
value of the objective function when the viscosity pa-
rameter is reached to 0.0006 becomes minimized.

At the end of the optimization of input param-
eters by three-point bending test, three parameters: di-
lation angle (y), eccentricity (ò) and viscosity param-
eter have been calibrated. Summary results for these 
selected parameters which minimize the value of the 
objective function were outlined in Table 3. 

Table 3. Selected parameters which minimize the objective 
function in three-point notch beam

number parameter value
1 ò 0.8
2 y 25
3 Viscosity parameter 0.0006

The optimum input parameters obtained in Ta-
ble 3 used for simulation the concrete behavior in the 
finite element model of the three-point bending test. 
The load-displacement curves obtained from experi-
ment (Le Bellego et al. 2003) and finite element analy-
sis (FEA) of the beam were compared in Figure 22. 
As shown in this figure, the result of the numerical 
simulation and experiment has a good agreement. The 
percentage of error in evaluation of peak load from 
FE analysis is about 6.3% when it is compared with its 
corresponding value obtained from test. Moreover, the 
peak of the curve in the FEA located in a place that is 
very close to the point that peak of the curve in the 
experiment is reached.

Fig. 19. The value of the objective function versus different 
eccentricities in three-point notched beam

Fig. 20. The value of objective function versus dilation angle  
in three-point notch beam

Fig. 21. The value of the objective function versus viscosity 
parameter in three-point notch beam

Fig. 22. Comparison of load-displacement responses obtained 
from FEA and experiment (Le Bellego et al. 2003)  

in three-point bending notched beam with small size
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4. Assessment of size effect on the input parameters

Another important issue in the present paper is to in-
vestigate the assessment of the size effect on the input 
parameters’ performance of the CDP model. To this 
end, three simply supported notched beams with a 
constant value of tensile strength ft were selected. The 
geometry of the beams was earlier shown in Figure 18. 
Parameter calibration was done before for this beam 
with the size of h * Lt = 8 cm * 32 cm (called small size 
beam) and in this stage of the study, those optimized 
parameters outlined in table 2 were used for simula-
tion of two other beams with different sizes entitled as 
medium and large size beams as follow to investigate 
whether such input parameters can predict the experi-
mental results or some modifications are needed.

4.1. Medium size beam

Medium size beam with dimensions of h * Lt = 16 cm * 
64 cm was created in the ABAQUS/CAE. In the finite 
element simulation of medium size beam, all specifica-
tions such as boundary condition, loading, material, 
mesh type and mesh size were considered similar to 
the small size beam. In fact, the purpose of using the 
same characteristics was to investigate only the effects 
of the size in the results. The load-displacement curves 
from experimental and FEA for medium size beam 
were compared in Figure 23. It can be seen from this 
figure that there is a good agreement between these 
two types of results. In addition, the load capacity of 
the beam obtained from FEA is very close to the cor-
responding quantity obtained from experiment. The 
percentage of error in computing of peak load from 
FE analysis is about 1.26% when it is compared with 
its corresponding value obtained from test. The ob-
servable difference between the softening branches in 
Figure 23 is due to the fact that for tension stiffening 

of the concrete there are no deterministic experimental 
observations and only there are some limited analyti-
cal relations that using of each of them can lead to dif-
ferent results in softening part of the curve. 

4.2. Large size beam 

The last beam that has been simulated by the ABAQUS/
CAE for studying the effect of specimen size on the in-
put plasticity parameters’ performance of the CDP in 
this research is a large size beam with the dimensions 
of h * Lt = 32 cm * 128 cm. Similar to the medium size 
beam, in the finite element simulation of the large size 
beam, all specifications were considered as the same 
as to small size beam. The contour of tensile damage 
resulted from FEA was drawn in Figure 24. As shown 
in the Figure 24, the critical path for tensile damage 
is located in the middle of the beam and the elements 
in this path have been fully damaged like two other 
beams. The load-displacement curves from experiment 
(Le Bellego et al. 2003) and FEA for the large size beam 
were compared in Figure 25. It can be observed in this 
figure that the results of numerical simulation and ex-
periment have a good coincidence. The percentage of 
error is about 8.95%. Again, similar to Figure 28, the 
difference between the softening branches in Figure 30 
is due to the lake of valid experimental data for tension 
stiffening of the concrete in literature. 

Fig. 23. Comparison load-displacement response: 
experimental (Le Bellego et al. 2003) and finite element 

analysis (FEA) in three-point notch beam with medium size

Fig. 24. Tensile damage in three-point notch beam with large size
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Fig. 25. Comparison load-displacement response: 
experimental (Le Bellego et al. 2003) and finite element 

analysis (FEA) in three-point notch beam with large size
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Furthermore, the load capacity of the beam ob-
tained from numerical is very close to that obtained 
from experiment. By reviewing the results obtained in 
sections 5.1 and 5.2 it was realized that the optimized 
input parameters which obtained for the small size 
beam can simulate very well the behavior of the other 
different size beams without need for modification. It 
shows that optimized parameters based on the stress 
path can take into account the effects of specimen size 
if the state of stress does not change.

5. Effect of the shape of the specimen  
on the calibrated parameters

The last issue which has been studied in this ar-
ticle is to find the optimum input parameters for the 
two specimens with a same stress path and different 
shapes. To this end, a notched disk with a mode I of 
the tensile cracking similar to the three-point bending 
beam was chosen. All geometrical details of the disk 
were shown in the Figure 26 and summarized in the 
Table 4.

Pcs : Specimen diameter
Psb : pulling bar diameter
  W : distance from the load axis to the back side
        of the specimen
   a : notch length measured from load axis
   b : specimen thickness
   e : notch width
Alig : ligament area

The experiment was carried out by A. Fernán-
dez-Canteli et al. (2014). As shown in the Figure 27, 
the tensile load is applied vertically to the specimen 
through the steel bars embedded into the specimen. 
The lower bar is fixed and the upper one is upward ex-

tended by a hydraulic jack. The compressive and tensile 
strengths of the concrete are 37 MPa and 2.665 MPa 
respectively. The finite element model of the disk simu-
lated in ABAQUS software is illustrated in Figure 28. 
The steel bars were modeled as rigid bodies and a tie 
constraint between the concrete disk and the steel bars 
was used. Furthermore, for the concrete specimen, the 
linear tetrahedral element (C3D4) was used and the 
size of the elements in the middle part of the disk was 
considered as 2 mm and at the rest of the specimen 
was taken as 4 mm.

The load versus crack opening displacement 
(COD) curve obtained from ABAQUS model was 
compared in Figure 29 with the corresponding curve 
extracted from experiment (Fernández-Canteli et  al. 
2014). As it can be observed that there is a good agree-
ment between these two types of the results. The per-
centage of error between peak load of FEA and experi-
ment is about 5.68%.

Fig. 26. Characteristic specimen’s dimension
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Table 4. Dimention of the specimen in mm

Pcs Psb W a b e Alig

153 8 116.4 40.2 63.5 4 4838.70

Fig. 27. Experiment setup

Fig. 28. Finite element (FE) model
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One of the relevant parameters that characterize 
the concrete fracture is its fracture energy. The area 
under the load-COD is the work of fracture (Wf) and 
the fracture energy (Gf) is calculated by the following 
equation:

 
= ,f

f
lig

W
G

A
  (5)

where Alig is the ligament area. A comparison between 
the calculated values of the fracture work (Wf) and 
fracture energy (Gf) obtained in the current study and 
those obtained from experiment is summarized in ta-
ble 5.

Table 5. Summary of the numerical and test results

Wf (J) Gf (J / m) Error (%)

Experiment 
[17] 475.4 98.3

9
Numerical 
simulation 520 107.4

Conclusions

According to the aforementioned arguments, the main 
aim of this paper was to investigate the effects of the 
stress path, specimen size and specimen shape on the 
optimization of the plastic input parameters of the con-
crete damage plasticity (CDP) model in the ABAQUS 
software. For assessing the effect of stress path, three 
different standard tests: uniaxial compression test, 
biaxial compression test and three-point bending 
notched beam test were selected and simulated by the 
ABAQUS software. The concrete characteristics of the 
laboratory specimens were very close to each other 
and this provided a condition to considering just the 
effect of the stress path on parameters. After exam-
ining the results, it was revealed that the stress path 
can influence on the optimized values of the dilation 
angle, eccentricity and viscosity parameter. Therefore, 

it seems beneficial that before starting of each finite 
element analysis of concrete structures with the CDP 
model of the ABAQUS software, the optimum values 
of the above mentioned input parameters are obtained. 
Other concern of this paper was the assessment of the 
size effect on the performance of the input parameters 
of the CDP model. To this end, three-point bending 
notched beams with three different sizes and constant 
tensile strength were taken into account and simulated 
by the ABAQUS software. At first, the input param-
eters were calibrated for the small size beam and these 
obtained parameters were used for FE modeling of the 
medium and large size beams. The obtained results 
confirmed that those input parameters can simulate 
very well the behavior of the medium and large size 
beams. Finally, the last issue that considered in this 
study is to inquire the effect of the specimen shape on 
the calibrated parameters of the CDP model. For this 
purpose, a notched disk with cracking mode I simi-
lar to the three-point bending beam was selected and 
modeled in ABAQUS software and calibrated param-
eters from three-point bending beam with small size 
were used in the FE modeling of the disk. The obtained 
results showed that those input parameters can simu-
late the behavior of the disk very well. Since, it can be 
concluded that the studied plastic input parameters of 
the CDP model in this paper, i.e., dilation angle, eccen-
tricity and viscosity parameter are independent from 
the effects of the specimen sizes and specimen shape if 
the state of stress or loading path remains unchanged. 
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