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              ABSTRACT  
In this research, the finite element modeling method as well as retrofitting of the masonry materials panel under the out-of-
plane load was investigated by FRP composite using Abaqus software. In this study, a 1800-mm × 1800-mm wall was 
placed under an out-of-plane load and then reinforced using FRP sheets. The fibers were placed on the wall in two groups 
of CFRP and GFRP in four different ways. The wall was placed under a 60 kN out-of-plate load and the modeling results in 
Abaqus software showed that the wall reinforced with GFRP in Y-shape has 67% maximum performance improvement 
relative to other layouts, followed by the wall reinforced with CFRP sheet in X-shape with 66%. It is recommended to use 
these two layouts and fibers in construction.
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  1. INTRODUCTION
he buildings with non-reinforced masonry materials 
form a wide range of buildings. The statistics of 
mortality and destruction of buildings shows that 

masonry buildings have had the most damages from 
earthquakes (1-5). In addition, these buildings did not have 
a proper seismic behavior that most likely was due to the 
lack of proper ductility characteristic. The only structural 
elements of these buildings are brick shear walls that play 
the role of gravity and lateral load, which is why the 
techniques of restoration and reinforcing of walls, as well 
as the testing of actual samples and scale models, have 
attracted the attention of the researchers (6-9). The first 
studies were conducted on reinforcing the masonry wall 
with FRP fiber in 1994 to 1998 (10-12). Strap et al. (13) 
studied the out-of-plane FRP-reinforced masonry walls. In 
this study, they concluded that, in addition to using FRP 
sheets, they could significantly increase the resistance of 
the in-plane and out-of-plane masonry walls. When the 
panel is reinforced, the theory of reinforced concrete 
bending or reinforced masonry materials can be used to 
predict the wall's strength. Dimas et al. (14) examined the 
unprotected walls of non-reinforced masonry walls with 
FRP sheets under the out-of-plane load. In the presented 
paper, the behavior of the walls is expressed in three basic 

steps: the formation of the first visible cracks in the bed, 
the first separation between the FRP and the wall, and the 
failure model. In a laboratory study by Sayari (15), seven 
masonry walls reinforced with a variety of FRP sheets, 
with different settings and a combination of them on a 
large scale were made. In this study, walls of different 
thickness, applied by a simple rack on the four edges on 
one side and on the other side of the wall, uniformly 
loaded with an airbag on the wall surface. Now in this 
study, we investigated the behavior of FRP-reinforced 
masonry walls under out-of-plane force by modeling in 
Abaqus software to improve the out-of-plane behavior of 
the walls.

2. MATERIALS AND METHODS
In order to investigate and find out about the reinforcement 
of a masonry wall with FRP, a brick wall model with 1350 
* 1350 mm dimension and 112.5 mm thickness was used. 
The wall is reinforced in 8 different modes with GFRP and 
CFRP sheets and analyzed under the compressive force up 
to 60 kN / m2 in the Abaqus software (16), and the results 
were obtained including changes in the base cut, changes 
in the amount the maximum displacement outside the wall 
and the energy absorbed by the wall as well as the plastic 
strain curvature, which indicates the cracking of the wall, 

T
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has been investigated.

3. MATERIALS OF REINFORCED POLYMER 
FIBERS

In this study, two different types of reinforced polymer 
fibers have been used, the specifications of them are as 
follows (Table 1 and Table 2): GFRP material with a width 
of 680 mm and a thickness of 0.135 mm (Figure 1).

Figure 1. GFRP sheet to strengthen the wall

Table 1. Mechanical properties of GFRP materials
Technical data

The following test results were obtained in laboratory conditions at 20C and 4% relative humidity
S&P
90/10

S&P
50/50

Physical properties

White White Color
680 mm width 680 mm width Size

2.6 kg/cm3 2.6kg/cm3 Fiber density

350 g/cm2 350 g/cm2 Sheet weight
0.135 mm 0.135 mm Thickness for design (weight/density)

67 mm2 Cross section for design*

20-30% 20-30% Fiber content vt
50 m rolls 50 m rolls Delivery

>64 kN/mm2 >65kN/mm2 Mechanical properties
>2000 N/mm2 >2000N/mm2 Modulus of elasticity Ecu

2.8% 2.8% Ultimate elongation 𝜀𝑐𝑢
17kN Tensile force 0.4% elongation

* based upon 1000 mm sheet width

CFRP materials with a width of 50 mm and a thickness of 1.2 mm (Figure 2).

Figure 2. CFRP sheet to strengthen the wall
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Table 2. Mechanical properties of CFRP materials
Technical data

Physical parameters

Composition Carbon fiber reinforced laminate in epoxy resin matrix

Color Black

Fiber content vf 70%

Density 1.7 g/cm3

Temperature resistance TGM 100-130C

Thickness 1.2 mm and 1.4 mm standard

Width 10, 50, 80, 90, 100, and 120 mm standard Other widths 
available on request

Mechanical properties

Grade
150 200

Elastic modulus Ef > 165 kN/mm2 >210 kN/mm2

Characteristic elastic modulus Efk 150 kN/mm2 200 kN/mm2

Tensile strength f 2800-3000 N/mm2 2400-2600 N/mm2

Characteristic tensile strength ffk
(where ffk = f- 2s)

2500 N/mm2

4. LAYING FRP SHEETS ON THE WALL
FRP sheets are placed on the wall in 8 modes (Table 3):

Table 3. Models reviewed in this research
Row model 

name
Model Description

1 w 1 whole wall reinforced with CFRP

2 w 2 wall reinforced in crossover with CFRP sheet

3 w 3 walls reinforced diagonally with CFRP sheet

4 W 4 wall reinforced in Y-shape with CFRP sheet

5 w 5 whole wall reinforced with GFRP

6 w 6 wall reinforced in crossover with GFRP sheet
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7 w 7 wall reinforced diagonally with GFRP sheet

8 w 8 Wall reinforced in Y-shape with GFRP sheet

In order to investigate the out-of-plane behavior of the wall, 
a compressive of 60 kN was applied to the wall surface and 
the out-of-plane displacement of the wall as well as the 
strain of brick plastics was calculated by the Abacus 

software indicating the cracking location, and then 
compared to the different models. Von Mises’ relationship 
was used to study the tension formed in the wall 
components (Table 4).

Table 4. Von Mises yield criterion for the different stress conditions

von Mises Equations Boundary Conditions State of 
Stress

2 2 2 2 2 2
11 22 22 33 33 11 12 23 31

1 [( ) ( ) ( ) 6( )]
2v                  

No restrictions General

2 2 2
1 2 2 3 3 1

1 [( ) ( ) ( ) ]
2v            

12 31 23 0      Principal 
stresses

2 2 2
11 11 22 22 123v          3

31 23

0
0

 

   

General 
plane 
stress

2 2
1 1 2 2v        3

12 31 23

0
0

 

     

Principal 
plane 
stress

123 | |v   1 2 3

31 23

0
0

     

   

Pure 
shear

1v   2 3

12 31 23

0
0

   

     

Uniaxial

Notes:
• Subscript 1,2,3 can be repiacd with x, y, z, or any orthogonal coordinate system

• Shear stress is denoted here as σij : in practice, it is alw denoted as тij.

In Figure 3, the model under test is shown schematically. 
As shown here, for the wall from each side with a 
thickness of 13.5 mm, a support has been considered, with 

the gap between the two supports being 1530 mm. (1800-
2*13.5=1530).

Figure 3. Schematic view of the wall and supports
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According to the above sample, the model is presented in Abacus software as described in Figure 4.

Figure 4. Wall View in Abacus Software

5. DEFINITION OF LOADS AND SUPPORTING 
CONDITIONS

At this stage, firstly, the supporting conditions are defined, 
and then the load caused by the weight of the components 
in gravity and the compressive force of 10 kN / m 2 
applied to the wall surface Figure 5, Figure 6 and Figure 7. 

Figure 5. Applying restrained constraint to the wall and supports

Figure 6. Applying gravitational loads to model
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Figure 7. Applying compressive force to the wall surface

6. REVIEW OF LABORATORY STUDY AND 
VERIFICATION
Considering the experimental results of the construction of 
a brick wall model at the University of Kingston in 
England in 2011 by Sayari et al. and observing the amount 

of out-of-plane displacement of the wall and comparing it 
with the numerical model (ANSYS software), has led to 
the difference in the results of the laboratory with the 
numerical model in determining the out-of-plane 
displacement of the wall to be very small and less than 1% 
(Figure 8 and Figure 9).

Figure 8. Wall sample tested by Sayari at Kingston University, UK
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Figure 9. The cracks in the wall tested by Sayari after out-of-plane loading of the wall

Figure 10. The displacement-force diagram from numerical analysis and experiment

By examining this research, as shown in Figure 10, the 
results of numerical analysis of finite element are very 
close to reality.

7. DISCUSSION AND CONCLUSION
After performing finite element analyzes on all models and 
plotting them to compare the out-of-plane behavior of the 
wall and the reinforcement performance of the FRP 
materials, the curves were compared with each other by the 
CFRP and GFRP sheets below (Figure 11).
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Figure 11. Comparison of displacement curves at horizontal length of the walls reinforced with CFRP
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Figure 12. Comparison of force-displacement curves in CFRP-reinforced models

As shown in Figure 12, the curve related to the CFRP-
reinforced model in diagonal form with curves of the 
reinforced model across the entire surface are almost the 
same and it can be said that due to the saving of the 
materials, a cross-pattern can be used instead of the total 
reinforcement to obtain the same resistance. In addition, 
according to the curve of the Y-shape model, this pattern 
has higher efficiency than other patterns in walls that are 
under the influence of less compressive force (up to 40 kN 

/ m 2).  With respect to the curves, the performance 
improvement of the models compared to the non-armed 
model is as follows:
The entire wall surface is equipped with CFRP fibers ------
------------- 65%
CFRP sheets are in the form of a crossover on the wall 
surface -------- 38%
CFRP sheets are placed in a diagonal form on the wall 
surface --------- 66%
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CFRP sheets are placed on the wall surface in Y-shape 
form ---------- 21%.

0 10 20 30 40 50 60 70
0

0.005

0.01

0.015

0.02

0.025

Simple CFRP CFRP + CFRP X CFRP Y

Pressure (KN/m²)

Pl
as

tic
 st

ra
in

Figure 13. Comparison of plastic strain curves in CFRP-reinforced models

As shown in Figure 13, the strain curve of the CFRP-
reinforced model at its entire surface corresponds closely 
to the curve of the diagonally -reinforced model, and the 

cracking rate is the same, but the crack may occur in 
different places in these two models.
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Figure 14. Comparison of energy curves in CFRP-reinforced models

Figure 14 shows that the energy absorbed by the wall- forming bricks in the X-shape reinforcement model is 
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lower than the rest of the models, and much more energy is damped by carbon fiber materials.
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Figure 15. Comparison of displacement curves along the horizontal of the reinforced GFRP wall
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Figure 16. Comparison of force-displacement curves in GFRP-enhanced models

As shown in Figure 15, Figure 16 and Figure 17, the curve 
of the Y-shaped reinforced with GFRP model has a better 
performance than other models, and it can be said that due 
to the saving of materials, Y-shaped pattern can be used 
and obtained higher resistance, with Attention to curves, 

performance on improvement of the models compared to 
the non-reinforced model is as follows:
The entire wall surface is equipped with GFRP sheets ------
------------% 52
GFRP sheets are crossover on the wall surface --------------
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------------% 51
GFRP sheets are placed on the wall surface in diagonal 
form --------------% 49
GFRP sheets are placed on the wall surface in Y-shape ----

-----% 67.
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Figure 17. Comparison of plastic strain curves in GFRP-reinforced models

As shown in Figure 17, the strain curve of the GFRP-
reinforced model in Y-shaped form is less than the rest of 

the models, and the rate of cracking in the Y-shape model 
is lower than the rest.
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Figure 18. Comparison of Energy Curves in Models reinforced by GFRP
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Figure 18 shows that the energy absorbed by the wall-
forming bricks in the Y-shaped reinforcement model is 
lower than the rest of the models, and much more energy is 

damped by carbon fiber materials.

Table 5. Performance comparison table of outside wall of masonry building materials

67.00%
GFRP sheets are Y-shaped on the wall surface

66.00%
CFRP sheets are diagonal on the wall surface

65.00%
All surface of the wall is equipped with CFRP fibers

52.00%
All surface of the wall is equipped with GFRP fibers

51.00%
GFRP sheets are crossover on the wall surface

49.00%
GFRP sheets are diagonal on the wall surface

38.00%
CFRP sheets are crossover on the wall surface

21.00% CFRP sheets are Y-shaped on the wall surface

Regarding the improvement in the performance of the 
walls, as shown in Table 5, the wall with GFRP-reinforced 
Y-shaped walls on the surface of the wall has a maximum 
performance improvement, and the CFRP reinforced wall 
in Y-shape on the surface of the wall has had the minimum 
performance improvement.
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