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Comparison of the Behavior of FRP Rebar with 
Steel Rebar in Reinforced Concrete Columns 
under Impact Loading 
 
The aim of this paper is to dynamic analyses of rectangular 
columns using different types of Fibre-reinforced plastic (FRP) 
rebars (CFRP-AFRP-GFRP) and compare them with steel rebars 
under impact loading. For this purpose, first, to evaluate the effect 
of FRP, the 25 cm column with 12mm rebars are placed under 
three types of impact loads in near the base, middle and the whole 
column. Then, to evaluate the reinforcement size effect, 12 mm 
rebars is replaced with 18 mm and the effect of the impact load on 
the whole column is evaluated. In the next step to evaluate the 
effect of cross sectional dimensions, the impact load across the 
column with the rectangular cross sectional with 35 cm 
dimensions will be examined. Finally, 20 models are prepared 
and examined by the finite element method and the results related 
to displacement, stress and energy are calculated. The results 
show that FRP reinforcements are more resistant to impact load 
than steel reinforcements and CFRP polymer reinforcement has 
performed better than other existing reinforcements. In general, it 
can be said that the use of Fibre-reinforced plastic reinforcement 
can be a measure to strengthen structures against impact load. 
 
Keywords:   Concrete Column, Impact load, Rebar, CFRP, AFRP, 
GFRP. 
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4- Glass- Fiber Reinforced Polymers Rebars 
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6- Aramid- Fiber Reinforced Polymers Rebars 
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(�) b�� �. �4�� �0� �.�. A,��++�  h47��I ��_;� 

A,� 2 - {��e  o��� 3� p4��2 �JJ7 @���
 d�4   ��. �.�. =� 	�,� 3�4��  ���QJ�2�I ��_^� �02� .�0?2  

��0^ 2- 3��B2 ��7�0: A,��++�  ��� =� ��x�� �. �.�. �02  

) ���QJ�2�I 3�4��mm(  ��_^� �02 ) .�0?2mm(  (%) kX�
� 0D�.  

2/67  9/68  52/2  
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2 -2- ��� � �!  

�02 .�42 �4�� ��06� @�LvJ2  `� �. ����

 A,� �. 31-�e23 �A,� {��e2 .	�� �0� 3s��� 

�4��  �4f �� C8�2 `�� ���2500 �8+2  �1��2 ���2

01� �� A,� 250 �8+2  �4 �2�I _�� �. �� � ��212  �18 

�8+2  01� �� � ��2350 �8+2  _�� �4 �2�I �� ��218 

�8+2 �02 .�42 ��2 3�;�5 ���Z ���� 0��.  

    
(�-�)  01� �� �4��25 �����  ��2�  �eZ .�Q8+212  (i)  01� �� �4��25 �����  ��2� �eZ .�Q8+218  

  
(�)  01� �� �4��35 �����  �eZ .�Q8+2 � ��218  

 A,�3 - 3�06� �4�� ��� .�42 ����� `� �. �����  

 A,� �. ���2 g��� ����� �4?� � A?24  ��J�

3��) �4�� �l�� � `+�� �	�� �0� �.�. 3+,  �� (��  ��5

��.�+5  ��/��� ��� �A,� {[f �4�� 3� � 	�� �0� 0+B2

� �4�� ��+2 �3�� �.) �2 ����� (�4�� A7 ..4�  

3+[� �. �0� �.����� C-�L2 @�LvJ2  ���� _+�

��0^ �.  ���3  �4 .	�� �0� 3s���  

  
  

  
 01� �� �4�� (�-�)35 ����� ��2   01� �� �4�� (i)25�����  ��2   01� �� �4�� (�)25 ����� ��2  

 A,�4 - ��� � ���2 g��� ����� A?2���U5 �. 3�� (�) � _7�2 (i) �A7 (�-�) �4�� 
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 ��0^3-  �,+��,2 @�LvJ2C-�L2  

  
b�^  K4Lv2

)kg/m3(  

��02  3�+�+��l�

)MPa(  

w�H 

�4��4�  

	2��B2  ���J;

) `��MPa(  

�6   �+8� 

)MPa(  

�6  ��!� 

)MPa(  

`��  2450  27386  2/0  30  -  -  

 *+��X�4��l� �02

 ����.l4;  
2450  210000  3/0  -  480  560  

 ��0^4- @�LvJ2 2+.�Q8 FRP  

Y4�  .�Q8+2FRP  ��02 ) 3�+�+��l�GPa(  �6 �!�� )MPa(  

CFRP bar  182  3400  

GFRP bar  65  1330  

AFRP bar  110  2470  

  

�02  ��h�����  ��0^5 �0� 3�;�5 �<� �.  �. .0��

��0^ `�� S 3�4�� ��612 3�� SB  k�12C8�2 ��� �� �

�.l4; .�Q8+2� CB  k�12C8�2 ��� .�Q8+2 �� �

CFRP �GB  k�12C8�2 ��� .�Q8+2 �� �GFRP� AB 

 k�12C8�2 ��� .�Q8+2 �� �AFRP� NB  .�4
�� �Q��+�

 �3�� *._� A?2 3� ��/���MH  3� ��/��� .�4
�� �Q��+�

 � �4�� _7�2WH  �4�� A7 3� ��/��� .�4
�� �Q��+�

	��.  

 ��0^5- �02 �0� �:��f ���  

��/��� .�4
�� A?2  �4�� Y4� �02 b�� 

�4�� 3�� *._�  01�25 �����  .�Q8+2 �� �0� C8�2 ���2STEEL �eZ �12 S-SB-NB  

�4�� 3�� *._�  01�25 ����� ��2 .�Q8+2 �� �0� C8�2 �CFRP �eZ �12 S-CB-NB  

�4�� 3�� *._�  01�25 ����� ���2  .�Q8+2 �� �0� C8�2GFRP �eZ �12 S-GB-NB  

�4�� 3�� *._�  01�25 ����� ���2  .�Q8+2 �� �0� C8�2AFRP �eZ �12 S-AB-NB  

�4�� _7�2  01�25 ����� ���2  .�Q8+2 �� �0� C8�2STEEL �eZ �12 S-SB-MH  

�4�� _7�2  01�25 ����� ���2  .�Q8+2 �� �0� C8�2CFRP �eZ �12 S-CB-MH  

�4�� _7�2  01�25 ����� ���2  .�Q8+2 �� �0� C8�2GFRP �eZ �12 S-GB-MH  

�4�� _7�2  01�25 ����� ���2  .�Q8+2 �� �0� C8�2AFRP �eZ �12 S-AB-MH  

�4�� A7   01�25 ����� ���2  .�Q8+2 �� �0� C8�2STEEL �eZ �12�18 S-SB-WH1-2  

�4�� A7   01�25 ����� ���2  .�Q8+2 �� �0� C8�2CFRP �eZ �12 �18 S-CB-WH1-2  

�4�� A7   01�25 ����� ���2  .�Q8+2 �� �0� C8�2GFRP �eZ �12 �18 S-GB-WH1-2  

�4�� A7   01�25 ����� ���2  .�Q8+2 �� �0� C8�2AFRP �eZ �12 �18 S-AB-WH1-2  

�4�� A7  01�35 ����� ���2  .�Q8+2 �� �0� C8�2STEEL �eZ �18 S-SB-WH3  

�4�� A7  01�35 ����� ���2  .�Q8+2 �� �0� C8�2CFRP �eZ �18 S-CB-WH3 

�4�� A7   01�35 ����� ���2  .�Q8+2 �� �0� C8�2GFRP �eZ �18 S-GB-WH3 

�4�� A7  01�35 ����� ���2  .�Q8+2 �� �0� C8�2AFRP �eZ �18 S-AB-WH3 
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��� �3[��?2 �����2���� ��/���� l4�12 � ����� 3� 

b�� T�� 38D�; h�+B2 �06� �0� �.����� �2 0667. 

�24�� `�  h�+B2 T�� ���U5 ��/���� T�� 

4�6+,����- _���7 8

7� 3J� b4� 	�� 37 �0��� g�4  

�4�6+,��� �. ��� 1919 � j\� g�4  _���7 �. ��� 

1926 �42�; �06� � 0]23[. h����� `� �4��Z G�42� 

3��J2 �2�Q6� 3� .4^� �2 06I 37 �. �.�2 ��/�62 �� 

j6^ ���,  �.h�+B2 AD�4; ���U5 �0� 3��J2 �/�62 

0�4� ]23[.  

.�42 ��/�62 �8�v2� �����J; � ����2 �� .�/� 

�2 0667 .`����6� ���� `���. * �6[2 �3��B2 ���� .�42 

��/�62 �8�v2 �� �.�2 ��/�62 TNT �.�12 � 3��B2 

�2 �4�.0 ��2���� h�+B2 ZG 38D�; h�+B2 ��0� ���� 

3[��?2 �F� �� ��/��� ��6[2 ��� �.�12 TNT {[f 

3-.�12 �� ��1  �2 .4�:  

)1(  
1 3

=G

R
Z

W  

 ��I �. 37W  �.�12 b�^TNT  (G�
 ���) ��/�62 �.�2

 w�:��Kg  �R  �<�.�42 3eB� �� ��/��� _7�2 38D�;

�� w�:m .	��  

�.�� ���� 31-�e2 `� �. 	�� �7� 3� b�l  � ����

3+[� @�+8�� ��2� ���7 ���� �02  �Q����� �� ���

 ���U5��� ���,2k�D �<�  ��� ���2� d�4  3� �!6  � �0�

3�
�.��  �0� 	��. ��� ��J; d�4  ��Q. @��[� 3� � ��

 �� �1��  �-� 	
�46, ��J; * @�4D 3� ��/�����2�  ��

��Ce� � �2 ��1  �4�� � ..4��2 �� �2� `  �� ��4 

I 3� .�6���`+  ��/��� 32��UFC  �4[Z .�42 	���.]1[ .

[f ��{ I `�`+ �2 ��. �����/��� �. 32��  ��� �F� ��4 

 �� ��/���3� @�4D ���� ��� ��� 	
�46, ��J;  �<� �.

 	;�5]1[ .�� �.����� �� ��2���� 38D�; h�+B2 �0� ZG� 

3[��?2 �0� {[f 3e��� (1) � �����.4��  UFC 3-

                                                 
8

7- Hopkinson-Cranz 

340-02  � ��� 3e��� ��� `+I  32����.4�� �J;�- ��2� 

���� �� ��/��� 3[��?2 �2 .4�  �����/��� ����� �

  � *._�	�� 3�;�5 ���Z 31-�e2 .�42 ���� .`+6t�� 

 A,� �.5  	�� �vJ2��J; * 37  G42 h�����

�2 ��/��� ���� �:��f ���� � 0���  ��; �. w8W� b��B2 ���

�2 ��J+� @0� �4y 	[�2 0���� �2 3�;�5 �<� �.  � .4�

 	+��� �� w8W� ��62 ��; �.	�� .�4
�� ����7.  3�

dZ�42 ��7� �. A+-. `+���  �<� �. ��8�2 @�4D 3� ���

�2 3�;�5  ..4���2� � ���U5��� �4?�  `� �. �I �06�

{+B?   A,� {��e25 	��.  

  

  
 A,�5 - �4?� ����� ��U5����� �� ��J;��2� w�:  

3- (��#� � )*�+,  

�02 o��� ?  ���� 37 	�� �.�. ��J� ��/��� 	

�++�  ���.�Q8+2 �. A,�FRP  �� ���7 ��+��

 .	�� �.4� �.l4; ���.�Q8+2� ++�A,�  �. �.�. =�

A,� �. ��/��� G42 	?  �4��   ���6  � 8  �0� 3s���

A,� �. .	��  9  _+� ��_7�2� ++�A,�  �. �.�. =�

�02  �� �4�� �. �o��� {[f .	�� �0� �.�. ��J� ��

 deB225  �eZ �4 �2�I �12 �8+2  ���.�Q8+2 �� ��2

CFRP �GFRP  �AFRP ._� �. ��/��� 	? * ��3� 

�++�  ���7 ��_+2 3� w+ �  3� �4�� �. �.�. =� A,�

8/67 �9/45  �8/55  �� �0� C8�2 �4�� 3� 	[�� 0D�.
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 �4�� �. ���7 ��_+2 `� `+6t�� .	�� �.4� .l4;

 ��_+2 w+ �  3� _7�2 �. ��/��� 	? 3/64 �4/31  �7/48 

�. �0D�.  w+ �  3� Y�� �� A7 �. ��/��� 	?  �4��

 ��_+25/69 �8/41  �6/56 .	�� �.4� 0D�.  

  

  

  
 A,�6- � ++�A,�  �.�02 �� �4�� �25×25  .�Q8+2 ��12 �8+2 ��2  

 01� �� �4�� �.25 �����  �eZ �� .�Q8+2 �� ��218 

�8+2  3� ���7 ��_+2 `� Y�� �� A7 �. ��/��� 	?  ��2

 ��_+2 w+ � 8/49 �6/29  �7/41  �� �4�� �. � 0D�.

 01�35 �����  �eZ �4 �2�I �� ��218 �8+2  ��/��� 	?  ��2

� �� A7 �. w+ �  3� Y�40 �2/20  �7/29  0D�.	�� .  

  
A,� 7 - � ++�A,�  �4�� �02 �.25×25  .�Q8+2 ��18�8+2 ��2  



�874  � ��+2� ��2 ��0+:  85  
  

 

����� 	
���� ��� ������ ���   ����� ����� ���1 ������  � ��!� �1400 

 ���.�Q8+2 w��62 .�,8��FRP 3� �4H�  o��� �.

 � 	�� �vJ2�. �`  �+`�  3� p4��2 .�,8�� `��!�

 .�Q8+2CFRP  �. �8�v2 ���.�Q8+2 .�,8�� .	�� �.4�

 ��� 	-�: 3� ����/��� �B n�[  3��J2�2  `��J+� � 0���

�++� ��,2   �4�� ��+2 ��4�� A7 ���U5��� �. w+ �  3�

.	�� �.4� �4�� 3�� �  �� �4 �2�I _�� ��_;�12  3�18 

�8+2 ��^ ���7 3� �/62 ��23  .	�� �0� �4�� �. ��^

�� ���7 `�3�4�� ��  ��.l4; .�Q8+2 ���CFRP �

GFRP  �AFRP  �� ����� w+ �  3�57 �29 �48  �42 

��^ ���7 `��J+� .	�� �.4� 0D�.3  ��_;� �� ��^

 3� p4��2 �4 �2�I _��3�4�� �� ����4 �2�I ���: �

	�� �.4� �.l4;. �2 `����6�  _�� ��_;� �� 	�5 ��4 

�4 �2�I� Fm +� �4 �2�I 	[�2 ���FRP �2 ���7 .0��  

  
A,� 8 - � ++�A,�  �4�� �02 �.35×35  .�Q8+2 ��18 2+8� ��2  

 ���7 ���� _+� �4�� _�� ��_;� `+6t��

��^3 3�4�� ���� ���7 `� .	�� �0� ��^  01� �� ��35 

�����  _�� �4 �2�I �� � ��218 3�4�� 	[�� 3�  01� �� ��

25 ����� 3�4�� ���� ��2  ��.l4; .�Q8+2 ���CFRP �

GFRP  �AFRP  �� ����� w+ �  3�28 �13 �18  �12 

 ��_;� 	[�� 3� ����7 ���U5�F� 37 	�� �.4� 0D�.

 .�1�� �. �4 �2�I Y4� �F� `+6t�� .	�� 3���. �4 �2�I _��

��_� �   �4��Fm +� ��.�612.	�� 3���0� �  

  
  

(�-)  (i)  

A,� 9 - � ++�A,� ) ��.�. =� ��_7�2�4�� (�-�  01� �� ��25  ��eZ �4 �2�I 12 �8+2  ��2) ��4�� :��I (i  01� �� ��25  �eZ �4 �2�I �

18 �8+2 �4�� :_2�Z � ��2  01� �� ��35  �eZ �4 �2�I �18 �8+2 ��2  

A,�  ���10  � 12  �. ��4?2 �6  d�4 

�2 ��J� �� ��.�Q8+2  .0�.��7�0:  ��4?2 �6 �02  ��

 ��0^ �.6 .	�� �0� 3s��� �B2 ��3� 2 �. �6 +��.�Q8 

�!� �6  ��� �I �� �0��J2 �2 .4�  3�� �. �6  37

�02 ��� 2 �� �0� C8�2+��.�Q8� .l4;� �02 � ��� 

2 �� �0� C8�2+��.�Q8� GFRP �!� �6  3eB� 3�� 

��+�0 	��a -�� �02 �. �.�. =� �6  ���  �0� C8�2
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2 ��+��.�Q8� CFRP  �AFRP �!� �6  �� ���7� �` 2+��.�Q8 .	��  

  

 

  
 A,�10 -  01� �� �4�� �. ��4?2 �6  d�4 25 �����  ���.�Q8+2 �� � ��212 �8+2 ��2  

  
 A,�11 -  �4�� �. ��4?2 �6  d�4  01� ��25 ����� � ��2  �eZ �� ��.�Q8+2 ��18 �8+2 ��2  

 �� .�Q8+2 _�� ��_;�12  3�18 3�4�� �.  ���

 ��.l4; .�Q+82 ���:CFRP �GFRP  �AFRP  3�

 ��_+2 3� ��4?2 �6  ��7�0: ���7 3� �/62 w+ � 

34 �11 �3  �1  `� �06�. ��J� 37 	�� �0� 0D�.
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 ���_�� �. ���4\2�7 ���.�Q8+2 37 	��*y47 �  

�2  �� 3��B2 �. ��/��� ����� �. ���!� .�,8�� 06��4 

.06��� 3���. �.l4; .�Q8+2  �4�� .�1�� ��_;� `+6t��

 ��25  3�35 �����  �6  ��7�0: ���7 3� �/62 ��2

�02 ��7� �. ���7 `� 37 	�� �0� ��4?2  ��

A��Z 3^4   .	�� �.4[����� A,� �. 37 �4f �vJ2 �� 

	�� -. 3�+A  ���3��H �� ��/���� �6  ��� 2+.�Q8 ��� 

FRP � 	2��B2+��J� .	�� �.�. ��J� .4
 ��  

  
 A,�12 -  �4�� �. ��4?2 �6  d�4 35 �����  �eZ �� .�Q8+2 �� � ��218 �8+2 ��2  

 ��0^6- ��7�0: �6  ��4?2  �.�02 ��  

��7�0: �6  ) ��.�Q8+2 ��4?2N/mm2( �02 b�� 

735 S-SB-NB  

3210 S-CB-NB  

1350 S-GB-NB  

2400 S-AB-NB  

596 S-SB-MH  

3171 S-CB-MH  

1351 S-GB-MH  

2401 S-AB-MH  

920 S-SB-WH  

3160 S-CB-WH  

1371 S-GB-WH  

2424 S-AB-WH  

601  S-SB-WH2  

2810  S-CB-WH2 

1330  S-GB-WH2 

2406 S-AB-WH2 

606  S-SB-WH3  

2440  S-CB-WH3 

1351  S-GB-WH3 

2391  S-AB-WH3 

  

A,� �����.4�� �.  ���13  �14  ���+� �6?62

���� - �02 ��2�  .	�� �0� 3s��� �� ��0^ �. `+6t��7 

��7�0: �02 ���� 	+;�~  ��	�� �0� �.�. ��J� .

h�����  ���.�Q8+2 �� �4�� �.�7 C8�2 �o���CFRP �
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