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ABSTRACT 
 
Earthquake is one of the natural phenomena that make more fatality, financial and environmental damages each year. Today, with the 
development of earthquake engineering, buildings in cities are somewhat resistant to lateral loads due to earthquakes. But unfortunately, 
still wide devastation, fatality and financial damage caused by the earthquake is announced. Since this event is due to the various specific 
parameters of each earthquake, identify forces and countered against them generally. So should effort that absorb energy due to it with 
appropriate materials; and design and make structures with good reliability, that to be confirmed of economic. In recent decades, many 
efforts have been made to the use of the appropriate field. Fiber reinforced polymers are such as these materials. In this study, has been tried 
to examine the effect of FRP plate on performance of concrete shear wall. Shear wall are the most important element in building resistance 
against lateral loads and access its suitability. In this study, to analyze the effect of polymer fibers, SEISMOSIGNAL and ABAQUS soft wares 
have been used.  
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INTRODUCTION 
 

Earthquake resistant structures should be provided with 
lateral and vertical seismic force resisting systems capable 
of transmitting forces to the foundations. Continuity and 
regular transitions are essential requirements to achieve 
adequate load path. Concrete shear walls are one of the 
main lateral resisting members in buildings because of their 
high in plane rigidity. In the last decade, the use of fiber 
reinforced polymers (FRP) to strengthen exciting structures 
has increased due to their excellent characteristics such as 
high resistance, durability, ease of installation and high 
strength to weight ratio. Though a significant amount of 
research has been conducted on the use of fiber reinforced 
plastic for strengthening and rehabilitation of reinforced 
concrete elements, there is little information on the 
strengthening of shear walls. One of the first objects using 
FRP strengthening of RC shear walls was reported by 
Ehsani and Saadatmanesh (1997) (Ehsani and 
Saadatmanesh ,1997). They used FRP in order to retrofit a 
concrete building subjected to the Northridge earthquake. 
Another study on FRP strengthening of RC shear walls has 
been carried out by Lombard et al. The purpose was to 
investigate the feasibility of CFRP strengthening and 
rehabilitation of reinforced concrete shear walls (2008) 
(Asgary and et al, 2008). In this study the walls initially 
were subjected to seven average accelerograms loading 
without FRP plates and behavior of them is registered. 
Subsequently, the walls were strengthened with FRP plates 
and were subjected with the same loading again and 
behavior of them is registered also. The results showed that 
the wall strength increased and performance of that is 
improved. In this study, the effects of applying FRP plate on 

the concrete shear wall were investigated by using the finite 
element analysis. In this paper, displacements, stresses and 
energy of concrete wall panels has been studied.  

ACCELEROGRAMS USED 
In this research, seven average accelerograms are used. 
Couple of accelerograms is related to BAM earthquake that 
happened in 2003 with Magnitude of 6.6 Richter in Iran 
(Asgary, Ali; Badri, Ali; Rafieian, Mojtaba; Hajinejad, Ali, 
2008). Accelerograms related to BAM earthquake has been 
named BAM-1 and BAM-2 and shown in fig.1 and fig.2. 
Another accelerogram is related to ELCENTRO earthquake 
that happened in May1940 in Mexico. Magnitude of this 
earthquake was 6.9 Richter (Gunn, 2007).Accelerograms 
related to ELCENTRO shown in fig.3. Used other 
accelerogram is related to KAHAK earthquake that 
happened in 2007 in Iran. Magnitude of this earthquake was 
5.6 Richter (Mohammadi and et al, 2014). Accelerograms 
related to KAHAK shown in fig.4. Another accelerogram is 
related to KOBE earthquake that happened in January 1995 
in Japan. Magnitude of this earthquake was 6.9 Richter 
(Koketsu and et al, 1998). Accelerograms related to KOBE 
shown in fig.5. Another accelerogram is related to 
NORTHRIDGE earthquake that happened in January 1994 in 
California. Magnitude of this earthquake was 6.7 Richter 
(Petak and et al, 2001). Accelerograms related to 
NORTHRIDGE shown in fig.6. Used other accelerogram is 
related to SILAKHOR earthquake that happened in 2006 in 
Iran. Magnitude of this earthquake was 6.1 Richter (Ramazi 
and et al, 2006). Accelerograms related to SILAKHOR shown 
in fig.7. 

Fig.1. BAM-1Accelerogram 

Fig.2. BAM-2Accelerogram 
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Fig.3. ELCENTRO Accelerogram 

Fig.4. KAHAK Accelerogram 

Fig.5. KOBE Accelerogram 

Fig.6. NORTHRIDGE Accelerogram 

Fig.7. SILAKHOR Accelerogram 

Walls Modeling  
Shear walls modeling includes 35 models that it has been 
analyzed with FRP plates and without FRP plates.  

3.1 Concrete Shear Wall modeling Without FRP Plates 

In this study, it has been tried to be close to reality as 
possible in modeling. It has been used to panel a plate with 
200 mm thickness and bars with 10 mm diameter in 
horizontal and vertical in distances 300 mm. Dimension of 
panel is intended 3 meters for height and 4 meters for 
length of plate. For columns it’s been chosen dimension 
400×400 mm with 8 bars with 18 mm diameter. Also, for 
beams it’s been chosen dimension 400×400 mm with 6 bars 
with 14 mm diameter. Technical specifications of the 
concrete that it has been used in software models are 
shown in table1. Also, technical specifications of the bars 
that are used in software models have been shown in 
table2. 

Table1. Concrete Technical specifications [3] 

 

Table2. Bars Technical specifications [3] 

 

The connection between shear wall panel and column and 
beams it’s been chosen rigid. Bars have been considered 
buried in concrete. Subsequently, model has been meshed. 
Loading has been applied under concrete frame and in the 
longitudinal direction. For loading, given accelerograms 
Multiplied by the 9.81m

s2� . Meshing of concrete model has 
been shown in fig.8. After analysis, Stress values in concrete 
panel have been shown in fig.9.  

Fig.8. Meshed model 

Fig.9. Stress values in concrete panel 

3.2 Concrete Shear Walls modeling with FRP Plates 

For checking effect of FRP plates on concrete shear walls 
performance, created model in the previous step, has been 
reinforced with FRP plates, and analyzed. The FRP plate’s 
that has been used in this study is carbon and glass. In 
models that have been used CFRP, in the first case in the 

name of SCFRP-1 model, FRP plate’s dimensions is equal 
concrete panel and thickness of FRP is 1 mm and both of 
side of panel. In the other case in the name of SCFRP-2 
model, FRP plates used in vertical tapes and both of side of 
panel with 500 mm distances and thickness of them is 1 
mm. This model has been shown in fig.10. In the other case 
in the name of SCFRP-3, FRP plates with 300 mm width and 
0.5 mm thickness has been modeled crossed. This model 
has been shown in fig.11. In reinforced model with GFRP, 
reinforcing is similar SCFRP-3 model. The difference is that 
it has been used GFRP instead CFRP. 

Fig.10. SCFRP-2 model 

Fig.11. SCFRP-3 and SGFRP model 

Specification of CFRP that used in analysis has been shown 
in table 3and 4. Specification of GFRP that used in analysis 
has been shown in table 5 also. 

Table 3. Elastic Properties of CFRP [1], [2] 

 

Table 4. Hashin Damage Properties of CFRP [1], [2] 

 

Table 5. Technical specification of GFRP [1], [2] 

 

Since used resins for installation FRP plates on concrete 
panel, connection has been considered rigid. Connection 
between concrete panel and FRP plates at all levels is 
intended. 

Check the Models Parameters 
On issues related to the earthquake and structures 
subjected to earthquakes, several parameters are very 
significant. Including these parameters can be noted to 
displacements and stresses in structure. Another very 
important parameter that is effective in the design is the 
energy dissipated by the system, and in this study, to 
identify and analyze the effects of polymer plates that has 
been added to the shear walls are examined. 

4.1 The Tension Builds 
Stress in concrete models due to cracking and inelastic 
behavior of concrete and reduce the amount of concrete 
endure. Low technical specifications concrete in front of 
FRP fibers and steel also and the concrete reaches to 
maximum tension in allover the models due to the force of 
earthquake, so, the tension in bars has been checked. In this 
study, the maximum stress generated in selected elements 
has been studied. Maximum tension stress in bars models 
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has been shown in table 6. Changes in stress in steel bars 
without FRP plates and with FRP plates has been shown in 
fig.12 also. 

Table 6.  Maximum tension stress in bars (MPa) 

 
Fig.12. reducing tension stress in bars with FRP (%) 

As can be seen stress amounts in steel bars in models that 
reinforced with FRP plates, in all earthquakes has been 
reduced. Amount of stress reducing has been shown in 
table7.  

Table 7. Reducing tension stress in bars with FRP (%) 

 
As can be seen, maximum stress amount is related to 
reinforced models with SCFRP-1, and minimum amount is 
related to reinforced models with GFRP. Stress changes 
have been shown in fig.13. 

Fig.13. Maximum tension stress in bars (MPa) 

4.2   The Created Displacements 

Displacements in loads direction or, in other words, created 
axial displacement in shear walls is one important case of 
structures exposed to earthquake. So, it is so significant and 
has been examined. Axial displacements in models under 
analysis have been shown in table 8 and 9.  

 
 

Table 8. Axial displacements in concrete models (mm) 

 
 

Table 9. Reducing axial displacement in concrete 
frames with FRP (%) 

 
As can be seen, amount of displacements in reinforced 
models has been reduced. Variations are difference between 
models. The percentage of reducing displacements has been 
shown in fig.14. 

 

Fig.14. Reducing axial displacements in concrete frames with 
FRP (%) 

Another drift that it’s happened in shear walls is buckling. 
The amount of builds displacement under loads has been 
shown in table 10 and table 11. 

Table 10. Buckling concrete frames (mm) 

 
 

Table 11. Reducing Buckling concrete frames with FRP 
(%) 

As 
axial displacements, buckling displacements has been reduced 

also. Reducing in bucking as a percentage has been shown in 
fig.15. 

Fig.15. Reducing Buckling concrete frames with FRP(%) 

4.2   The Energy Values 

Another significant parameter in shear walls is energy 
dissipating. Amount of energy dissipating for models has 
been shown in table 12 and table 13. 

Table 12. Amount of dissipative energy in 
frames (Joule) 
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Table 13. Increasing of dissipative energy in 
concrete frames with FRP (%) 

 

As can be seen, amount of dissipative energy 
has been raised in reinforced models that this 
raising has been shown in fig.16. 

Fig.16. Increasing of dissipative energy in concrete 
frames with FRP (%) 

 
CONCLUSION 

 
As can be seen, in this study, concrete shear walls 
reinforced with FRP plates and has been analyzed and 
important parameters in shear walls that are an important 
segment of structures against earthquake has been checked.  

According to the previous sections, amount of stress in steel 
bars that buried in concrete panel has been reduced with 
reinforcing with FRP plates. It shows that, FRP plates take 
part in to endure earthquake loads. The amount of axial 
displacements in concrete frame is decreased due to using 
FRP plates that is caused by increased stiffness. Because of 
using FRP plates on panels, amount of buckling has been 
significantly reduced. The reason for this decline can be 
increase the hardness and confinement of concrete panels. 
Absorption and dissipation of energy in concrete frames is 
improved by using FRP plates. It shows better performance 
of structures that reinforced by FRP plates against 
earthquake. 

Generally, it can be said that, the FRP plate has been caused 
better performance of concrete shear walls against 
earthquake with increasing in hardness and confinement of 
concrete panel. So, FRP reinforcing increased capacity 
endure of frame and prevention of fraction of concrete 
panel. In the other word, with decrease of structures drifts, 
the design on structures is improved. Of course, the amount 
of improving of shear walls is related to, plate’s type, plate’s 
arrangement and plate’s thickness that should be 
considered in design.  

Fig.1. BAM-1Accelerogram 

 

 

Fig.2. BAM-2Accelerogram 

 

 

Fig.3. ELCENTRO Accelerogram 

 

Fig.4. KAHAK Accelerogram 
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Fig.5. KOBE Accelerogram 

 

 

Fig.6. NORTHRIDGE Accelerogram 

 

 

Fig.7. SILAKHOR Accelerogram 

 

 

 

Fig.8. Meshed model 

 

 

Fig.9. Stress values in concrete panel 
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Fig.10. SCFRP-2 model 

 

Fig.11. SCFRP-3 and SGFRP model 

 

Fig.12. Reducing tension stress in bars with FRP (%) 

 

 

 

Fig.13. Maximum tension stress in bars (MPa) 
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Fig.14. Reducing axial displacements in concrete frames 
with FRP (%) 

 

Fig.15. Reducing buckling concrete frames with FRP(%) 

 

 

Fig.16. Increasing of dissipative energy in concrete 
frames with FRP (%) 
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