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Abstract — This study aims to simulate the bonding behavior 
between a Basalt Fiber Reinforced Polymers rebar (BFRP) and 
concrete using numerical methods. Fiber reinforced polymers rebars 
(FRP) are materials composed of fiber (glass, basalt, etc.) and a 
polymeric matrix. They are light, non-corrosive and tensile-resistant 
materials. A quarter of the model was modeled due to symmetry. The 
parameters used for the concrete simulated the elastic and plastic 
behavior of the material, using the “Elastic” and “Concrete Damage 
Plasticity” models, respectively. The rebar was parameterized 
considering linear elastic behavior until its rupture. The adhesion 
between the materials used cohesion parameters (stiffness 
coefficients K) and the damage caused by the pullout. Different 
parameters used in the simulation influence the stress-slip behavior 
of the BFRP rebar and the concrete. The influences of these 
parameters are studied and analyzed. The present study verifies the 
great influence of the shear stiffness coefficients in the simulations 
(maximum adhesion stress and slip). The influence of this parameter 
on the stress distribution in concrete was also observed. The model 
created a good stress-slip behavior, but it is still necessary to 
improve the parameters used in this study. To run a simulation, the 
student version of the Abaqus was used, marketed by SIMULIA, a 
trademark owned by Dassault Systèmes S.A. 
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I.  INTRODUCTION  

The use of rebars as reinforcement for concrete structures is 
possible due to the solidarization between the materials, 
allowing the rebar not to slip. Adhesion between concrete and 
rebar happens through chemical bonding, friction, mechanical 
locking and the pressure between faces caused by temperature 
change and concrete shrinkage [2].  

Steel rebars used as reinforcement for concrete structures 
are susceptible to corrosion processes in presence of chloride 
ions.  Fiber reinforced polymer rebars (FRP) appear as an 
alternative. Its high resistance to corrosion, high strength / 
weight ratio in relation to steel, are great advantages for civil 
construction [3] [16]. 

The disadvantages of fiber reinforced polymer rebars are: 
low elastic modulus, low ductility and lower shear strength 
[16]. 

Adhesion is an important element in the study of structural 
behavior, so it is necessary to know the failure of adhesion 
between materials. Usually the failure is related to the rupture 
of the concrete due to shear and the rupture of the ribs in the 
rebar. However, it can also occur due to cracking in the 
concrete, which is more fragile [1].  

The stress-slip behavior of concrete and rebar can be 
defined by a linear ascending branch (of KT inclination), an 
increasing and non-linear branch, followed by a stress drop in 
the post-rupture behavior, Fig. 1 [5]. 

 

Fig. 1. Stress-slip behavior [5] 

Numerical simulation can be a complement to experimental 
research. It assists in analysis that are not possible to be done 
experimentally. In addition, simple models simulation allows 
you to model, simulate and analyze more complex models, 
such as beam and column frames. 

A numerical model that simulates the stress-slip behavior 
during pullout is composed of two main components, concrete 
and rebar.  

Concrete has a good compression performance. The stress-
strain behavior of the material is linear up to approximately 
40% of its compressive strength. This behavior can be obtained 
experimentally or estimated from mathematical expressions, 
such as Hognestad [8] [9]. 

Basalt fiber reinforced polymers rebars (BFRP) do not have 
a defined yield point like steel. Andrea et al. [10] experienced a 
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BFRP rebar subjected to tensile load and observed a largely 
linear behavior. 

Using surface-to-surface contact conditions allows to 
simulate the stress-slip behavior. The contact simulation makes 
use of stiffness (K) parameters in three directions: one in the 
normal direction and two in the shear directions; and damage 
onset and damage evolution parameters [18]. 

II. NUMERICAL MODEL 

The pull-out model was simulated using data obtained from 
the bibliography, taken from Shen et al. [11]. 

The test performed by Shen et al. [11] uses a BFRP rebar 
with a diameter of Ø14 mm, tensile strength of 1000 MPa, 
strain of 2.08%, elastic modulus 48000 MPa and length of 400 
mm. The concrete used has a compressive strength of 43.6 
MPa. 

The concrete specimen has a cubic shape with dimensions 
of 150 mm. The length bonded between the rebar and the 
concrete was 5Ø (70 mm) located in the middle third of the 
model, Fig. 2. 

 

 

Fig. 2. Pullout test model [11]. 

A. Concrete 

The article did not provide the stress-strain behavior of the 
concrete used in the experimental test. So, in this work, the 
Hognestad method was adopted to estimate it. Equation (1) was 
used for strains between the linear phase limit stress strain 
(40% of the compressive strength) and the ultimate stress 
strain. Equation (2) referring to post peak stress strains, as 
proposed by Zhu et al. [12]. 

  (1) 

   (2) 

With the Hognestad mathematical model it was possible to 
estimate the stress-strain behavior of concrete, Fig. 3. 

 

Fig. 3. Estimated stress-strain behavior for concrete. 

The linear behavior of the graph was parameterized in 
Abaqus using the elastic modulus. The concrete elastic 
modulus was not provided by the author, so it was estimated as 
directed by ABNT NBR 6118 [20]. For the plastic behavior, 
the “Concrete Damage Plasticity” (CDP) method was used. 

The parameters used by Labibzadeh et al. [19] were used to 
characterize the plasticity of concrete: dilatation angle (ψ), 
eccentricity (e), ratio between the compressive strength under 
biaxial load and the uniaxial compressive strength (fb0 / fc0), 
ratio of the second invariant stress in the traction meridian for 
compressive (K) and viscosity (μ), TABELA I.  

TABELA I.  PARAMETERS OF THE CDP METHOD [19] 

CDP – Plastic behavior 

ψ e fb0/fc0 K Μ 

35 0.1 1.12 0.67 0 

 

To simulate the compressive behavior, inelastic strain and 
damage were calculated, TABELA II . 

TABELA II.  PARAMETERS FOR CHARACTERIZING THE 
COMPRESSIVE BEHAVIOR OF CONCRETE 

Compressive behavior 

Stress Inelastic strain Damage 

17,44 
19,00 
20,00 
21,00 
22,00 
23,00 
24,00 
25,00 
26,00 
27,00 
28,00 
29,00 
30,00 
31,00 
32,00 
33,00 
34,00 
35,00 
36,00 
37,00 
38,00 
39,00 

0,00E+00 
8,64E-05 
9,74E-05 
1,09E-04 
1,22E-04 
1,36E-04 
1,51E-04 
1,68E-04 
1,85E-04 
2,05E-04 
2,25E-04 
2,48E-04 
2,72E-04 
2,98E-04 
3,27E-04 
3,58E-04 
3,93E-04 
4,31E-04 
4,73E-04 
5,21E-04 
5,74E-04 
6,36E-04 

0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 

2 BTSym2021, 095, v1: ’Numerical analysis of the bonding behavior between a basalt fiber . . .



2021 Brazilian Technology Symposium 

ISSN 2447-8326. V.1 © 2021 BTSYM 

Compressive behavior 

Stress Inelastic strain Damage 

40,00 
41,00 
42,00 
43,60 
42,00 
41,00 
40,00 
39,00 
38,00 
37,00 
36,00 
35,00 
34,00 
33,00 
32,00 
31,00 
30,00 
29,00 
28,00 
27,00 
26,00 
25,00 
24,00 
23,00 
22,00 
21,00 
20,00 
19,00 
18,00 
17,00 
16,00 
15,00 

7,09E-04 
7,97E-04 
9,12E-04 
1,39E-03 
2,13E-03 
2,59E-03 
3,05E-03 
3,50E-03 
3,96E-03 
4,42E-03 
4,88E-03 
5,34E-03 
5,80E-03 
6,26E-03 
6,71E-03 
7,17E-03 
7,63E-03 
8,09E-03 
8,55E-03 
9,01E-03 
9,47E-03 
9,93E-03 
1,04E-02 
1,08E-02 
1,13E-02 
1,18E-02 
1,22E-02 
1,27E-02 
1,31E-02 
1,36E-02 
1,41E-02 
1,45E-02 

0,00 
0,00 
0,00 
0,00 
0,04 
0,06 
0,08 
0,11 
0,13 
0,15 
0,17 
0,20 
0,22 
0,24 
0,27 
0,29 
0,31 
0,33 
0,36 
0,38 
0,40 
0,43 
0,45 
0,47 
0,50 
0,52 
0,54 
0,56 
0,59 
0,61 
0,63 
0,66 

 

Equations (3) and (4) were used to calculate the inelastic 
strain and damage [9]. 

   (3) 
 

   (4) 
 

The average tensile strength, according to ABNT NBR 
6118 [20], and the fracture energy were used to simulate the 
tensile behavior. According to Abaqus Inc. [17] the fracture 
energy of concrete can be from 0.04 N/mm to 0.12 N/mm 
depending on its compressive strength. Therefore, a fracture 
energy of 0.12 N/mm was adopted. 

B. BFRP rebar 

According to Brisotto et al. [1], the rupture of the rebar-
concrete interface is usually associated with the failure of the 
concrete. So, assuming that the rebar will not break, a linear-
elastic behavior was adopted in its stress-strain graph. 

The linear-elastic behavior of rebar was simulated using the 
elastic modulus provided by the author and the Poisson 
coefficient. 

For glass fiber reinforced polymers (GFRP) the Poisson 
ratio can range from 0.20 to 0.22. For an epoxy matrix it can 
range from 0.20 to 0.33 [21]. It was not possible to define or 

calculate the Poisson coefficient mathematically, but the value 
of 0.20 was adopted for the simulation.  

C. Adhesion  

With a plot digitizer software, the graphical data provided 
by Shen et al. [11] was extracted , Fig. 4. 

 
Fig. 4. Digitized tension-slip behavior. 

The cohesion and damage were used to simulate the 
behavior of contact between materials. 

Abaqus uses the stiffness coefficients K (Knn, Kss and 
Ktt) to simulate the cohesive behavior of materials. The Knn 
coefficient is the normal stiffness to the work plane and Kss 
and Ktt are the shear stiffness of the work plane.  

 The Ktt coefficient can be calculated from the inclination 
of the linear branch of the tension-slip graph obtained 
experimentally. So defined as the ratio between the stress in 
the linear branch and the slip [5].  

For the shear stiffness coefficients (Kss and Ktt) two 
values were used. As directed by Rolland et al. [5], the first 
was estimated at 20.5 MPa/mm. Seeking to converge the 
simulation results with the expected results, the second was 
calculated as the ratio between the maximum adhesion stress 
by the respective slip, estimated at 3.20 MPa/mm, TABELA 
III.  

TABELA III.  DATA  FOR ADHERENCE CHARACTERIZATION 

Kss = Ktt (1) Kss = Ktt (2) Energia de Fratura 

20.50 kN/mm 3.20 kN/mm 66.70 kN.mm 

Another parameter considered in Abaqus is damage, 
separated in initial and evolution damage. The initial damage 
is separated by three stress components, one normal and two 
shears. For the shear component, the maximum bond strength 
experimentally obtained was adopted. The damage evolution 
was parameterized by the contact fracture energy (Gf). The 
fracture energy is calculated per unit area in the stress-slip 
post-stress peak graph, Fig. 5, as available in ABAQUS Inc. 
documentation [18]. 
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Fig. 5. Contact fracture energy per unit area .  

D. Boundary conditions 

A quarter of the model was adopted due to the symmetry. 
To restrict the movement of the faces, support conditions were 
added in the x direction of the yz plane and in the y direction 
of the xz plane, Fig. 6. 

 

 
Fig. 6. Boundary condition applied in the yz plane. 

A boundary condition was applied in the z direction of the 
xy plane, Fig. 7. 

 

 
Fig. 7. Boundary condition applied to the concrete face in the xy plane. 

To simulate the pullout, a displacement was applied at the 
end of the rebar, Fig. 8. 

 

 
Fig. 8. Displacement applied at the end of the rebar. 

III.  RESULTS AND DISCUSSION 

The expected model presented a non-linear stress-slip 
behavior, with a maximum adhesion stress of 11.88 MPa and a 
slip of 3.73 mm. 

Adopting the first hypothesis for the shear stiffness 
coefficient (Kss = Ktt = 20.50 MPa/mm), the bond stress was 
11.91 MPa and the slip was 0.59 mm, Fig. 9. 

The difference between the stress obtained and the expected 
stress was less than 1%, but the displacement showed a great 
difference.  

When we used the second hypothesis for the shear stiffness 
coefficient (Kss = Ktt = 3.20 MPa/mm), the model showed 
better agreement of results. An adhesion tension of 11.90 MPa 
and a slip of 3.71 mm, Fig. 9. 

Graphically, the models presented a different inclination in 
the pre-peak stress branch, due to the different shear stiffness 
coefficients adopted.  

The numerical models presented a graphic evolution in the 
stress-slip behavior different from that observed 
experimentally, Fig. 9. The numerical model proved to be 
similar to the typical pull-separation behavior, available in the 
Abaqus Inc. documentation [18]. Defined by an initial linear 
elastic behavior, followed by damage initiated when contact 
stresses (or slips) satisfy the adopted criterion [18]. 

  
Fig. 9. Comparison of stress-slip behavior. 

According to Brisotto et al. [1], the stress-slip behavior 
based only on the bonding stresses does not consider the 
confinement effects, changing the bonding behavior. An elasto-
plastic interface model is needed to consider the confinement. 
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Although we observe a big difference in the stress-slip 
behavior when we change the bond strength, the same does not 
happen with the stress distribution in concrete. 

When we use a shear stiffness coefficient of 20.50 
MPa/mm, the maximum acting stress in concrete of 1.347 MPa 
is observed, Fig. 10. 

  

Fig. 10. Stress distribution across concrete when Kss = Ktt = 20.50 MPa/mm. 

When we adopt a shear stiffness coefficient of 3.20 
MPa/mm, the maximum acting stress in concrete of 1.346 MPa 
is observed, Fig. 11. 

  

Fig. 11. Stress distribution across concrete when Kss = Ktt = 3.20 MPa/mm. 

The stress distribution in the concrete was very similar in 
both analyses, even with the great difference in the stress-slip 
behavior. This suggests little influence of this parameter on the 
stress distribution along the model. 

IV.  CONCLUSIONS 

When the shear stiffness coefficient was 3.20 MPa/mm, the 
model showed good agreement with the stress-slip data. 

The shear stiffness coefficient defines the graphic 
inclination of the ascending branch in the slip bond stress 
behavior. 

The stress-slip behavior simulated using Abaqus showed a 
different graphic development than expected, but similar to a 
typical tension-separation model. 

The shear stiffness coefficient did not cause great influence 
on the stress distribution along the concrete, when we observed 
the moment related to adhesion failure. 
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