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Simulating Effect of FRP Sheets on Nonlinear 
Behavior of Reinforced Concrete Beam- Column 
Connections  
 
The vulnerability and improper seismic behavior of beam-column 
connections in reinforced concrete structures designed based on 
past codes without seismic considerations has been established 
through data obtained from experiments and past earthquakes. In 
this research, the use of fiber-reinforced polymer (FRP) sheets 
attached to the surface of the member for strengthening 
connections was investigated. Here, an analytic model was 
presented for simulating the nonlinear behavior of connections 
strengthened with FRP sheets. In this model, the nonlinear 
behavior of the core zone of the connections was simulated with 
two diagonal linear springs. The corresponding load-
displacement relationship in the linear springs is a function of the 
principal tensile stress-shear deformation in the core zone of the 
connection. Therefore, based on the behavioral mechanism of the 
connections and using the experimental results, the principal 
tensile stress-shear deformation relationships for reinforced 
concrete connections with different restraints for the longitudinal 
rebars of the beam were developed. Comparing the results of the 
numerical model with those obtained from the experiments 
verified the ability of the proposed model in predicting the 
nonlinear behavior of connections strengthened with FRP sheets. 
 
Keywords:   Reinforced Concrete Connections, FRP Sheets, Nonlinear 
Analysis, Seismic Strengthening, Simulation. 
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� >�;9 ?� ��f � G558  	�� �*� 
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)8(  ,
,
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jh t tot j c

t tot

f
V p b h

p

 
= + 
 
   

 ��C �/ ?Hfv ?��� ?� /��� ��;E, �+  ���f � Pt,t  �+ 

/ �..H �39� ���� ��;E, �+  	3� ?� ��f � ?��� �

 ������� �+  � �;�� ��;E, ���5� vjh ��,  .*���

J�����  h
�����\\E,��� ��f � �i;, }�� � G51��5, �� ��

�, �5  � �;�� }�� ;� ?�0�B �]� �/ *��; / ]19[.  

3 -1- �33� ��4� 5
- �� 20+ 6$�  

��@5, ��^� G
� �/  �39� �+  �/ G�� �!�

�/ �..H  .*� *��;
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?]<g, :��K  ?� ?����� �� �..H ����; �,�C ��!, {;�

 �5 �, *��� ]14-18  �20-23[�/ .  �j5\E  G
�J����� 

1
�� ��� �;5��B� :53E  �*� ����0 �/�/ ��?� ?M;  �� 

?�;��  ���1.
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 �;0*, ���!, �;L?5<�� �/ �*� ?���  ���f �fyb 

��.�  � �5  �4;L ����; �,�C �53�  �+  �*+�/ρb  @5�

�, �5  �4;L �; �,�C 	Z�� �1��5�  �5�\  �� ?H *���

����; �,�C 	<��,  :9�< dD\, 	<��, �� �5  �..H

�, ./;�   

 ��*M �/1 �;5��B� :53E  �� :9�< F
��` �

	�� �*� �/�/ ��.�. � ?� b�e	�� �H�  F
�`λsetup 

  �1��5�N�+  ��� �
�,�C {;� �5i  :9�< �..H �39�

�, ��1.
�,�C �� �5l �;L ?� ?H *���*\, �� �5\��, V�� ��

�*� G558  ���1.
�,�C �5   	��.  

 ��*M1- ��`
F 3E  �� :9�<5: ��B�5�;  

��!, {;� a  b  P1 P2 P3  P4 P5  P6  

90 :
�/ ?� ?M�/  069/1  060/1  073/0  ��9 719/0-  189/0-  444/1  354/0  

90 ���
 ?� ?M�/  28/13 330/2  725/0- ��9 075/0- ��9 750/1- 435/0- 

180 ?M�/  413/1 549/2 ��9 ��9 478/0- ��9 955/0- 151/0 

�5\��, ��!,  957/4 907/5 ��9 486/0 614/0- ��9 469/0- ��9 

  

�G5+t��  F
�`λsetup   �1��5�N �
�,�C {;� �5i

39� �+  ��� �� :9�< �..H ��, ��1.
�,�C  ?H *���

�5l �;L ?�*\, �� �5\��, G558  ���1.
�,�C �5  V�� ��

�*� 	�� .�5  >e�f � -  �;��G�� I3�,  �/ ?� e;�8,

�, �
�,�C >�;9 *�;�>e�f � : �5 -  {;� �;��6
  ��

 ��!��� �/ �/) �5  ���4� ��!��� �/ @H���, ����

���; �� ?5<�� ?� :f�, �����B ?5-  �?�  �/ �3f�, ���
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 ��*M2- ���
h ?�;�� �� :9�<  ��� �,�C
��1.� b��\, >e�f � ����  �� �*�FRP  
Joint Lable f 'c rN Vb

exp vjh
exp ptf

exp ef,e
exp 

]27[  

T_FL1 5/13  20/0  3/73  28/2  30/0  0040/0  

T_FL1 5/13  20/0  5/62  95/1  21/0  0028/0  

T_FS1 7/17  20/0  0/106  30/3  93/0  0123/0  

T_FS1 7/17  20/0  4/85  66/2  58/0  0076/0  

T_FS2 4/16  20/0  3/123  84/3  51/1  0099/0  

T_FS2 4/16  20/0  6/94  95/2  90/0  0059/0  

]28[  
T_FRP 8/14  20/0  5/100  13/3  97/0  0127/0  

T_FRP 8/14  20/0  6/77  42/2  53/0  0070/0  

]29[ T-S1RR 9/31  19/0  0/143  40/5  87/0  0035/0  

]30[  
T-R1 5/43  14/0  0/110  16/4  73/0  0045/0  

T-R2 5/39  15/0  5/114  33/4  98/0  0042/0  

]31[  

4 0/20  00/0  0/187  52/1  32/0  0005/0  

8 0/20  00/0  0/187  52/1  32/0  0005/0  

9 0/20  00/0  0/216  76/1  55/0  0008/0  

12 0/34  00/0  0/217  76/1  67/0  0010/0  

13 0/34  00/0  0/204  66/1  56/0  0008/0  

14 0/34  00/0  0/229  86/1  76/0  0011/0  

]5[  

ANT-S63 4/19  06/0  2/40  28/2  06/0  0001/0  

ANT-S33L 0/21  05/0  6/44  53/2  26/0  0007/0  

ANT-F11 2/18  06/0  8/42  42/2  22/0  0009/0  

ANT-F22 8/21  05/0  0/50  84/2  55/0  0011/0  

ANT-F21 6/21  05/0  1/51  90/2  61/0  0014/0  

ANT-F12 6/23  05/0  5/44  52/2  20/0  0006/0  

ANT-F22A 2/22  13/0  4/57  25/3  55/0  0011/0  

ANT-F22W 4/23  05/0  8/55  17/3  84/0  0017/0  

ANT-F22in 8/16  07/0  9/41  38/2  22/0  0004/0  

ANT-GL 6/15  07/0  1/44  50/2  37/0  0015/0  

ANT-S-F22 2/15  08/0  1/44  50/2  38/0  0008/0  

T-F33 8/20  06/0  5/44  52/2  26/0  0007/0  

T-F22S2 6/17  07/0  1/40  27/2  09/0  0004/0  

]6[ 

U.S.2-RC2U1 0/25  31/0  1/130  81/3  80/0  0026/0  

U.S.3-RC3U3 0/25  31/0  2/131  84/3  82/0  0011/0  

U.S.4-RC3U3 0/25  16/0  5/135  97/3  61/1  0022/0  

U.S.2-RC2U1 0/25  31/0  3/85  50/2  55/0  0018/0  

U.S.3-RC3U3 0/25  31/0  2/99  90/2  82/0  0011/0  

U.S.4-RC3U3 0/25  16/0  5/88  59/2  08/1  0015/0  

]32[  

JA2RF 2/54  04/0  2/86  86/3  89/0  0013/0  

JB2RFb 3/55  04/0  0/120  37/5  35/2  0027/0  

JC2RF 9/56  04/0  4/119  35/5  31/2  0027/0  

]33[  LBCJ-CS1 3/27  15/0  6/69  45/3  02/0  0002/0  
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