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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
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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
400x400 mm with 8 bars with 18 mm diameter. Also, for
beams it’s been chosen dimension 400x400 mm with 6 bars
with 14 mm diameter. Technical specifications of the
concrete that it has been used in software models are
shown in tablel. Also, technical specifications of the bars
that are used in software models have been shown in
table2.

Tablel. Concrete Technical specifications [3]

Density (ij] Young's Modulus (GPa) | Poisson's Ratio Y]::{t:}iﬁress Plastic Strain
00 286 020 20,68 0
FIEY 00013

Table2. Bars Technical specifications [3]

Density (kg/m’) | Young's Modulus (GPa) | Poisson's Ratio l’l;‘lai:l)ress Plastic Strain
a
7850 200 014 400 0
600 0138

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/52. 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]

Young's Young's | Poisson's|  Shear's Shear's Shear's
o
Density (kg/o’) Modulus(y)| Modulus(y) | Ratio | Modulus(xy) | Modulus(sz) | Modulus(yz)
() () (&) () | (Ghy
180 kgu® | 373CPa 101 02 570 i 186

Table 4. Hashin Damage Properties of CFRP [1], [2]
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Longitudinal | Longitudinal Transverse | Transverse Longitudinal | Transverse
Tensile Compressive Tensile Compressive Shear Shear
Strength Strength Strength Strength Strength Strength
(MPa) (MPa) (MPa) (MPa) (MPa) (MPa)
2280 1440 57 218 9 48

Table 5. Technical specification of GFRP [1], [2]
Young's Modulus| . . Vield Stress -
. 3 g ]
Density (kg/m*) (@) Poisson's Ratio (IPs) Plastic Strain
1900 70 0.0 1860 0
2680 0.04

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)

]:::;' BAMI | BAM? |ELCENTRO | KAHAK | KOBE |NORTHRIDGE |SILAKHOR
Gt | oo | oz | st | amett | | men | s
pael

CCRRRL | 264991 | 253800 | 203038 | 24199 | 306985 | 3B | 213w
CCFRE | 6263 | 260 | 203804 | D906 | e | 3434 | 2670%
CCFRES | 300040 | 23406 | 38875 | 2003 | 6% | 30213 | 2040
CGRRP | 306266 | 299780 | 3ut | amed | 679 | mlls |

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 (%)

I:udel BAMI | BAM | ELCENTRO | KAHAK | KOBE | NORTHRIDGE | SILAKHOR
ame

CCPRE-1 | 13067 | 4013 | M8 36413 | 2164 | 4m
CCPRR- | 19753 | 17483 | 17303 18074 | 13878 1741 17393
CCRRR3 | 11043 | 0146 1768 040 | 184 8073 835
CGFRP | 11856 | 10363 8700 10806 | 766 8967 94

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.

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)

lil:i:l BAM-1 | BAM2 | ELCENTRO | KAHAK | KOBE | NORTHRIDGE | SILAKHOR
C;;:i?e TATY ) T8 ) BT | 0628 | 8ATS §5.9358 §2.020
CCRRP-1 | 36854 | 34331 | 99004 AT | 69246 66.399 63139
CCRRP-2 | 60886 | 30323 | 108904 | 87057 | 4341 10984 67344
CCRRP-3 | 67403 | 63186 | 120300 | 85185 | 81415 g 75003
CGFRP | 66878 | 64031 | 120143 | 9473 | 81601 8250 13567

Table 9. Reducing axial displacement in concrete

frames with FRP (%)

Vodd Table 10. Buckling concrete frames (mm)

Nane BAMI | BAM:! | ELCENTRO | KAHAK | KOBE | NORTHRIDGE | SILAKHOR ’&[::;] BAM1 |BAM2 | ELCENTRO | KAHAK | KOBE | NORTHRIDGE | SILAKHOR
CCRRBL | 20800 | B0 | 2205 | 230 |1L9 0 2180 C;’:“ﬂ:“ WIE | 402 | 408 | 136 | 227 20 7999
CCRPD | 1S54 | U6 | 6% | 708 |0 | W5 |16 e =
s [ [ [ [w | w [ | [fmmsoa s e —w
COFRP | 9613 | 0238 | 9%6) 10262 | 8 1 §.603

Table 11. Reducing Buckling concrete frames with FRP

(%)
';::f BAMI [BAM? |ELCENTRO |KAHAK | KOBE | NORTHRIDCE | SILAKHOR
CCFREL | 1404 | 34246 | 3910 | 3660 | 2am | 2847 B13
CCFRPL | 3602 | 13m0 | maw | moor | 29 | e 5540
CCFRR3 | 1314 | 1416 | 135 | 13405 | 11155 | 1237 11994
CGRRP | 14306 | 13908 | 143 | 091 | 1396 | 1375 T

Table

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.

12. Amount of dissipative energy in

frames (Joule)
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l:::lil BAMI | BAM: | ELCENTRO | KAHAK | KOBE | NORTHRIDGE | SILAKHOR [2% ! [(\'\ f\ (]
| L ﬁ: b a
e . o 1 1 v I A 11 i
Nk 1144 JEED | SIOE-D | ANESID | 4T2ERL AE] 1 B A N A L Uy :
Cpm WD | 4B | ASERD | DML | GMED | ATERD | aam g /*N\v }W\ /| //\v \m Al M HU(\ /\/\w(] N])\f\wﬁ
NHEL | S | NED | SRR | ANED | R | WD | BB | gl . \VA( | W/ W\f\/ I Wl\«/ A vl JU I
AN R s Ao
SCEPS | BB | ABBD | SRR | WD | GMED | SIED | GED R R A A AR
SO | ABED | AR | SOERD | ATEAD | SUED | SN | 4EHD i
Fig.1. BAM-1Accelerogram
Table 13. Increasing of dissipative energy in
concrete frames with FRP (%)
e S T L i S T 7 S e e
Ve BAM1 | BAMI | ELCENTRO | KAHAK | KOBE | NORTHRIDGE | SILAKHOR g ﬂ ! I }\ g k
b 10 v
SCERRL | 25407 | 23407 PERL) 16610 | g6l 15 1530 E | e \J\MMM(M/\!\WM WHU\'\M/WULNW(\[
. ) . [T SIS el /RN
SCFRR2 | 19026 | 10026 13417 0204 | 1839 18.39] 034 c?-m i U V U v H UU N U U v i W\
SRR | G434 | 4| BTR | 49 | M| 1117 P e i i
O T O T O N 1 1183 A ™
As can be seen, amount of dissipative energy Fig.2. BAM-2Accelerogram
has been raised in reinforced models that this
raising has been shown in fig.16.
Fig.16. Increasing of dissipative energy in concrete ; T T T T T T
frames with FRP (%) U 1 ! ‘ ‘ : “ ! ! ! ﬁ\ ‘h ! i
gy i | 1 | A 1 i 1 .
. :hVA\: l‘\ \{\ N\\ :[\ N\M \Wfl\ .
coNcLusion NN MLV TR
i et N i i i i i i i i h
As can be seen, in this study, concrete shear walls 8-0‘053 E\ITJ\{\J \; ‘ \i \IWJWEU” \J:m i VM r\l v\/
reinforced with FRP plates and has been analyzed and 1 nl : | : :\ ( U | | i U v | ” | V‘\I i
important parameters in shear walls that are an important o ‘ ! A ! ‘ ! v '
segment of structures against earthquake has been checked. U‘ 1' 2‘ 3‘ i 5‘ 5‘ ?‘ a‘ gl 1‘0 1‘1 1'2

According to the previous sections, amount of stress in steel T ]
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 T T T
FRP plates that is caused by increased stiffness. Because of i | ;
using FRP plates on panels, amount of buckling has been ‘ :
significantly reduced. The reason for this decline can be ' i Ay
increase the hardness and confinement of concrete panels. \

Fig.3. ELCENTRO Accelerogram

Absorption and dissipation of energy in concrete frames is {\fw"u'uwmww i E ; W Uf; m u \‘ J / W\J U\
improved by using FRP plates. It shows better performance E : 3 : 4 : ! b : L
of structures that reinforced by FRP plates against ! ! \{J l w U ! ! l ! l W} H }” \'J} i \
carthauake. S S L
Generally, it can be said that, the FRP plate has been caused 1 ! } 4 ; B 7 3 . L 1

better performance of concrete shear walls against T st}
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.4. KAHAK Accelerogram
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Fig.9. Stress values in concrete panel
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B Con. Shear Wall
BCCHP 1
B CCFRP-2
BCCFRP-3

BCGFRP

Bam-1 Bam-2 Elcentro Kahak  Kobe  North  Silakhor
Ridge

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

2500 4
Fig.10. SCFRP-2 model ;\ 2000
Y
: 1500 BCCFRP-L
1_, BCCFRP-2
0
i 10.00 BCCFRP3
LS BCGFRP
9
5 sm
0.00
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Fig.13. Maximum tension stress in bars (MPa)

Fig.11. SCFRP-3 and SGFRP model
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Fig.14. Reducing axial displacements in concrete frames
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Fig.15. Reducing buckling concrete frames with FRP (%)
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