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�V 7!�#�!�`� /��5 �3800  �

� 7!�#�!�`� /��5�4500 	5 �(�&� <��� � /����J�

0,9 .�� �
� !�� 

 

 

 
 1�+2-1 ' 0� $%& ��!
�5 : ��67-��)8 �� ��+ 9%3�� 
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����2-1 	
� �
��� ��� �
� ����� ��� : ���� � 
�!� ���� "�#  

 

-!% ����� 

kg/m³ 

k8 

kg/

m³ 

-� 

kg/m

³ 

7��5 

kg/m

³ 

���. 

)kg/m³( 

mm )6-3(-   )

12,5-6( 

 

 '5��*5

7yR
5 

MPa 

 n��.�

 $
`)�

kg/m³ 

 9)�

����� ���� 

kg/

m³ 

 EA�

����.� 

360 140 0 550 200-420 27,62 78,5 1,6 

 

 

����2-1 �
��� ��� �
� ����� ��� : $ �%& "�#'()�* � +���,�� -�]27[ 

 

-!%  ����� 

kg/m³ 

k8 

kg/m³ 

-� 

kg/

m³ 

7��5 

kg/

m³ 

���. 

)kg/m³( 

mm )6-3( 

-   )12,5-6( 

 

 '5��*5

7yR
5 

MPa 

 n��.�

 $
`)�

kg/m³ 

 9)�

 ����� ���� 

kg/

m³ 

�.)�M5 300 150 990 990 0 22 - - 

EA� 360 140 0 550 200-420 23 - - 

 

 

 

 
 

1�+2-2- ��� ����	��
:� �� 
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2-2 ����* .	/(* 

 

g�� �
2-3 .'�� ��� �
�
 <(��� �,��+ '()*+ f)�  $�,��+1SFLWCB  $�,��+ �

� G]� .���� 7!V�� �,�� ��+ ��)�� 7%-SFLWCB

EBR 2  9�� 7(` E( C�)+CFRP (
�� ���(�� $�)W '���+ ��� 7B�� �% �-!% �

� G]� ��,��+ 'V�� �� 3J �)\�5 -(�% .�� '()*+ 7(` �+ �

(�� �% �F]� e���5 � �� �
�
 )� � '#� k8 �% G]� ^�V � 
�� � ��
).8 3p� .'
� ��(��� �8 $�, 7���	�� � ��� 7!��
�% -!% '#� � Q�Mu -

 9�� �G]� ��� E
V �� 3J .�� �JCFRP h�� � /)W 7%900× 60 7� �(�: �8 �� .�� ����A#B �8 $�� �4P: �
 �#�)J� -(�� �% �!5 �H�5  �


 � ��� �
� !�� '()*+ $��% ������� L�� �� �
�
 �� -!% G]� �� 9�� ������: ��(�J ��:��V Ty� L�� 7% ��� '()*+ EA� -!% $�,��+

$�,��+ GM-BSFLWC3  L�� �
 �)\�5 -(�% .���� '()*+ � 7!V��GM -!% Q�Mu 7(` �+ �� ���(�� '���+ ��� 7B�� �% -!% �

� G]� ��!%� �

 7!��
�% h�� � /)W 7% �.)W ���� 7� 3p� � 
)�900× 8  m�� 7% �10  �

� G]� �
 �!5 �H�5
�N(�  7% 9�� �7�_�� -(� $)� � '#� �� 3J � ��

 h�� � /)W900× 60  $�, ��+ �
 )���� '()*+ �#�)J� -(�� �% ", EA� -!% $�,��+ $��
� 7�_�� .�� ����A#B -(�� �% �

� G]� $�� �!5 �H�5

 �,��*+ h�� � m�� 7% ���� E( �)\�5 -(�% .(�
� ;�N�� $��
� '()10×8  �
�!5 �H�5 /)W ��+ $��
� G]�
�N(� '#� �� 3J � ��  �7�_�� -(� $)� �

�
 �#�)J� -(��.�� 7!R(� ���� �� 

 

 
��)���+ � �,��3 ;:� <�� 9& ' 0� $%& ��!
�5 �77
 '(� �)�� ����8 (>�	 

 

 

                                                      
1 -  Q R5 7� $
`)� n��.� $��_ ��� EA� -!% /�!�� ��+Steel Fiber LightWeight Concrete Beam .���% �5 

2 - +��,�$ ��� EA� -!% �� ��� 7!V�� ����.� :��V Ty� L�� 7% 7�� (� EBR ��� �
�58$ F]�� .��� ��� 

3 - +��,�$  ��� EA� -!% �� ��� 7!V�� ����.�� L�� 7% 7������� .)W� (� GM ��� �
�58$ F]�� .��� ��� 
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                                           ?@� $%& ��!
�5 ���7� 9���� �-�A5 (B                       A5 ��!
�5 (C #�� �& ��+ �-�CFRP 

 1�+2-3 ��!
�5 �-�A5 ���� : �����	 ' 0� ?@� $%&  

 

 

3G�
)* # H	�
� :I�&� . 

3-1 ���?2	���@ '�-��2� : 

 

�% 7:)+ 7% g�� 3-1 ��+ Q.�SFLWCB �e���% �� 3J�
 �
�V $� �U� ;��&�� -!% $��
� 7!R�#� ��S  7!A.�3J �n��.� 
):� 'H� 7% �� '#�� P�� 

$��e���% ��+ ��� � 7��,
 C�� �(�: 7%�: �8 <(�P�� n��.� 7� $� 7�)� 7% .'��( 
)�� '�M6)5 �
 �% 7A.  -�% �
� gJ �% � '��� ���6 �
�V $�, ^�+

�	B��p�( ��&�8 �� -!% �+ ���q+ g�� �,$ 
�(� r _ 
�� . g�� m%�]53-1 T(�R+ k -!% $��
� �
 ��+ SFLWCB "� �+ �� $��
� 7�_�� T(�R+ $�,��+ 

CB 1� 2LWCB ���% �5.  

'#�� f)6� �
 �Ha� g5�� $�,��+ EBR-CB � EBR-LWCB 3 g�� m%�]53-2 ��� � -!% G]� �� 9�� ������: O�)a 7% k ^�+ $�, 

�
�V � �
�V- ���% �
 �_�)� %� <�+  `�%'�� ��� L��P�7% 7:)+ �% . g�� 3-2  �
�V $�, ^�+ m�� � h�� $
`)� n��.� 7��(� 
):� �% Q.�

 L�� QMu 'H� 7% �5� �
��8 g�� 7% 'M���5 9�� ������: f)6� �� � �
�
 <,�� �� ����5EBR  -(� �
 '#�� 
)5 �k)H]5 �F]� $��� �
�58 �


.���� 'AU 7% 9�� ������: ", ��+ EA� � �.)�M5 -!% $�,��+ 7%�
5 n��.� �6�� ��� n��.� 
):� 'H� 7% �5� �� ���J ������: �� 3J 7���U ��B 9�� �

7% 9� +� -(� �5� �� �4P: ;��&�� ��B
 ��
� '()*+ �_�)� �
 $��
� -!% .'��� O�)a ��V�+ �% �8 �� 3J ��� ���J � ������: ��(�J f)6�  
):� 'H�

�5 �n��.� � -(�� .�
� $��e���% 75�
� �� i� 

 g�� m%�]53-3  Q.�9�� CFRP �
 7]*� �(� ��% P���!5 '��� '�� ��B
 ����J �� . g�� 7% 7:)+ �%3-3 
)5 k '#�� ����5 $�,��+ CB- 

GM � GM-LWCB 4
)% �% -(� O�� + 7� 7% 'H� 
):� �n��.� <�)J -!% ��: �
� .+ v.�V <�V 7�_�� �
 $��
� -!% �� ������ T(�R �5� 7% 'H� 


):� -(�� '()*+ ����� .�
� Q6)!5 $��e���% �� �8 �(�: 7� -(�� 7% �(�&�+ g�� �(eJ �
)A� � ��!�� 
�+ �� 
)V ��
� �5 �,
 �
 <R% $�, �M��� �� 

7�_�� $��
� �
�)V ^�+ � �
 �[��!5 7]*� �% 7]*� ����J 9�� �� ����. 

                                                      
1 - Q R5 7� �.)�M5 -!% /�!�� ��+ Concrete Beam .���% �5 

2 - Q R5 7� ��� EA� -!% /�!�� ��+ LightWeight Concrete Beam .���% �5 

3 - $�,��+ 7!V�� ��� �� -!% $�, �.)�M5 � EA� ��� n��.� �6�� 7� 7% L�� �:��V Ty� �( EBR �
�58 $��� �F]� ��� ���. 

4 - +��,�$ �, -!% �� ��� 7!V��$ .)�M5� ��� EA� � ��n��.� �6 � L�� 7% 7������� .)W� �����$ (� GM ��� �
�58$ F]�� .��� ��� 
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�5 �0�+ ��� (>�	SFLWCB 

 

 

 
B?@� $%& ��!
�5 �0�+ ��� ( ����	 �E��  � ����F� $%&����� � ������� 9F��(� ��]27[ 

 1�+3-1 ' 0� $%& ��! 
�5 �0�+ ��� : �!�+ 

 

 

 
 

 
�5 �0�+ ��� (>�	SFLWCB - EBR 
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 ��!
�5 �0�+ ��� (B ����	 �E�� ?@� $%&����F� $%& � ����� � ������� 9F��(� ��]27[ 

 1�+3-2 �� :' 0� $%& ��! 
�5 �0�+ �  <�� 9& ��+ �-�A5EBR 

  

 

 
 
�5 �0�+ ��� (>�	SFLWCB – GM 

 

 
 

 ��!
�5 �0�+ ��� (B����	 �E�� ?@� $%&  � ����� � ������� 9F��(� �� ����F� $%&]27[ 

 1�+3-3 ' 0� $%& ��! 
�5 �0�+ ��� :  <�� 9& ��+ �-�A5GM 
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3-2  &�� &��/�� :– ��� K!# +�3L
%� �
�  ����* :� 

 

 ��% ��
)��– GH#5 -!% $�,��+ 7��,
 C�� P�V  g�� �
3-4  /���: �
 d(�!� 7a�V ����, 7%3-1  �+3-3 � -!% $�,��+ �����, .'�� ��� �
�
 <(��

 9�� �� �
� !�� � �
�
 �� $�!
�% �(�&� P�V �,�� ��+ �
 �n��.� ���% EA� � �.)�M5CFRP% $�,��+ �(�&� P�V �EA� -!  �� 9�� �% ��� '()*+ ����.�

 ������� L�� �
 ����.� EA� -!%��+ �(�&� P�V .'�� �
�
 <,��22  �:��V Ty� L�� �
 �46,93  �,�� ��+ 7% 'A#� �a�
� ���W �� .'�� 7!��( <,�

L�� 7% ��� '()*+ ����.� EA� -!% $�,��+ �(�&� P�VGM '()*+ L�� 7% 'A#� �EBR 46,97 (�P�� �a�
,
 ��
� 7� 7!��
 < $�(eJ g�� <(�P�� ���

��.� EA� -!% $�,��+ �
 �(�&� P�V ��� "
B <(�P�� 7:)+ g%�6 7!�� .���% �5 �:��V Ty� L�� 7% 'A#� ������� L�� �
'A#� ��  $�,��+ 7%% -!

 �.)�M5 ��+ 7% 'A#� <(�P�� -(� .���% �5 n��.� ���% EA� -!% � �.)�M575,77  ��+ 7% 'A#� � n��.� ���% EA� -!%50.43 L��P� �a�
  .'�� ���

 L�� 7% ��� '()*+ ����.� EA� -!% $�,��+ �(�&� $�%��% '���[GM  �,�� ��+ 7% 'A#�49,28  L�� �
 �EBR �32,06 �a�
  �5 .'�� 7!��( <(�P��

<(�P�� T:)5 �-!% G]� 7% 9�� ����A#B 
)A&% �% ���� ������� L�� 7� '��� 7N�!� ��)+  �% .
)� �5 P�� ��+ $�%��%5� 7#(�*+ �5 �
�� $ '��(�
 ��)

 
��_ ��:��V Ty� L�� 7% 'A#� ������� L�� �
 $�%��% 7�13 -(� �% '�� $��(�+ 7!�� -��, 7� '�� 7!��
 <(�P�� �a�
 ������� L�� 7� ���5 

 7% $
`)� n��.� �
�P�� �U� �
 .
��
 $�!&% d(�!� �:��V Ty� L�� 7% 'A#� �a�
 �,��+ �(�&� $�%��% '���[ EA� -!%��% <(�P� 7!��
 $�!
� 7% .'�

 ������� L�� �
 n��.� ���% EA� -!% ��+ 7% 'A#� 7� $�)W9,97  �:��V Ty� L�� �
 �10,23 �% .�� L��P� <(�P�� �a�
  /���: 7:)+3-1  �+

3-3 + $�(eJ g�� �
 EA� -!% 7% n��.� �
�P�� ��U�+ d(�!� 7#(�*5 �'A#� �!5���J -(� 7� �� 7N�!� ��!% $�,��  $�, ��+ 7%�7% n��.� �6�  � �)#F5 �)W

 
��_ �
 '.�_ -(�!&% �
 �.)�M5 -!% $�,��+ 7% 'A#����*5 -(� .'�� 7!��
 <(�P�� $��� "
B66 -!% $�,��+ �
 � �a�
  -(�!&% �
 n��.� �6�� EA�

 '.�_116 �,� P4�_ 7!�� .'�� 7!��
 <(�P�� �a�
 9�� ��U�+ '�CFRP �,��+ $�(eJ g�� <,�� �
 �,�� ��+ 7% 'A#� �% �5 EA� -!% $�,��+ �
 7� ��

 �:��V Ty� L�� �
 ����.�53  ������� L�� �
 �24  �� ."(� 7!��
 <,�� �a�
����� L�� '��(�
 ��)+ �5 ", d(�!� -(�!% ��+ $�(eJ g�� �� �� ��

.���% �5 �:��V Ty� L�� 7% 'A#� L�� -(� $�+�% �� �	(
 �H�.
 7� �
�
 <,�� �!�� �:��V Ty� L�� 7% 'A#�  

�� �8 �: 7� ��+ SFLWCB �% T(�u g�� $�(eJ $@��� ke: 1270 'A#� 7% $�,��+ �	(
 7� �% -!% $�, )�!5f 7!V�� ��� ���� -(�!
�% g�� $�(eJ 

$@��� ke: �� T#� �
�� �e. ��
)�� 7H�5 $� 7#(�*5 T(�u g�� $�(eJ $�,��+ $@��� ke: -!% EA� $
`)� n��.� $��_ �
 �g� 3-5 74��� �5 



�� .P�V $���
 $
`)� n��.� 
):� g�.
 7% � -�(�J �!R� $���
 9�� �% '()*+ ;�� g�.
 7% /�!�� ��+ ,
 C�� �(�&�`�% 7�� � .���% �5 �H� f)u)5 -(

���� '()*+ $�,��+ ���5 �
 .'�� ��
� ��+ $@��� ke: T(�u <(�P�� �� i��5 /�!�� ��+ -�(�J �(�&� $�%��% '���[ "I�  L�� �������
� #(�*5 L�� �% 7

��V Ty�'�� 7!��
 $�!
�% $@��� ^�&!�� �:��%��% .�� L�� 7% ��+ '()*+ �% -( ����� -!% 7% $
`)� n��.� �
�P�� ��)+ �5 EA�+ '�a�V �� ���� 


.
�� �
� !�� �8 �!5��*5 t�)V �� T�+�+ -(�% � �
�
 <,�� �� 9�� �% ��� '()*+ $�,��+ 

 

 
 

 �����	 ?@� $%& ��!
�5 (>�	
J�� 9F��(� 9& K�&
� 
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۰

۲۰

۴۰

۶۰

۸۰

۱۰۰

۲۰۱۰۰

L
O

A
D

( 
K

N
)

Mid-Span Deflection (mm)

CB

CB-EBR

CB-GM

 
 

� $%& � ����F� $%& ��!
�5 (B����� � ������� 9F��(� �� ����	 �E�� ?@]27[ 

 1�+3-4  ��& �	���� :–  ' 0� $%& ��!
�5 9��!� M�� N�3����F�  ?@� � 

 

 
 

 1�+3-5  :����� ����	 �	�	� ?@� $%& ��!
�5 �"
�	 �
-P. 1�+ ;-
J 

 

 ����3-1  *�� *�2�(, 3� 45�� 67�
, :– )
� 89� �
� ����): ���� �,��2 ;�� <)�'=� ���� � 
�!� �� ����� 

  '�)� �� <)�) (�:�),��)@ �� ���*�� +)=�A � �
� 

 
�, ��+ ��� $��: �_ �	!R�#� �_ 

  
     

 

SFLWCB 

4,41 60,10 21,18 71,96 1 1 4,80 

SFLWCB -  EBR 4,99 65,53 11,24 95,03 1,13 1,32 2,25 

SFLWCB-GM 4,51 69,31 16,52 107,42 1,02 1,5 3,66 

 V	
��W5 �X��

SFLWCB - EBR � �@0

Y
%Z
 
�5 9& 

13,15 9,03 46,93- 32,06 --- --- 53,12- 

 V	
��W5 �X��

SFLWCB – GM � �@0

Y
%Z
 
�5 9& 

2,27 15,32 22- 49,28 --- --- 23,75- 

 V	
��W5 �X��

SFLWCB – GM � �@0

9& 

 SFLWCB-EBR 

9,62- 5,77 46,97 13,04 --- --- 62,67 
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 ����3-2  *�� *�2�(, 3� 45�� 67�
, :– B�)
� �C�= 89� � '
�( � �
� ����): ���� �,��2 ;�� <)� *2 � +���,�� � 
�!� '()�*]27[ 

  '�)� �� <)�) (�:�),��)@ �� ���*�� +)=�A � �
� 

 

�, ��+ ��� $��: �_ �	!R�#� �_ 

  
 

    
 

CB 

3,19 50,52 12,05 72,3 1 1 3,78 

CB-

EBR 
4,95 64,7 7,6 85,9 1,55 1,9 1,53 

CB-GM 4,61 63,95 10,13 94,7 1,45 1,3 2,20 

LWCB 6,34 48 14,08 66,9 1 1 2,22 

LWCB-

EBR 
6,40 60,95 10,90 86,2 1,009 1,29 1,70 

LWCB-

GM 
6,38 64,27 12,5 97,6

8 

1,006 1,46 1,96 

 

 

 ����3-3 *�2�(, 3� 45�� 67�
, �D7�E� :  *��– �2F�= B�)
� ���� ����): *2 �,��2 ;�� <)� ��� � 
�!� �� �����)( � ����): �� +9D,  �
�

'()�* � +���,�� � 
�!� *2 B�)
� �C�= 89� � '
�( �]27[ 

  '�)� �� <)�) (�:�),��)@ �� ���*�� +)=�A � �
� 

 

�, ��+ ��� $��: �_ �	!R�#� �_ 

     
 

SFLWCB   

7% 'A#� CB 

 

38,24 
 

18,9 
 

75,77 
 

1 
 

27 

 SFLWCB 

 7% 'A#�LWCB 

30,44- 25,2 50,43 7,56 116,22 

SFLWCB – 

EBR   7% 'A#�CB 

EBR  

 

0,8 
 

1,22 
 

47,9 
 

10,61 
 

47,06 

SFLWCB – 

EBR  7% 'A#� 

 LWCB - EBR 

 

22- 
 

7,51 
 

3,12 
 

10,23 
 

32,35 

SFLWCB – 

GM   7% 'A#�CB - 

GM 

 

2,17- 
 

8,38 
 

63,08 
 

13,43 
 

66,36 

SFLWCB – 

GM  7% 'A#� 

 LWCB -GM 

 

29,31- 
 

7,84 
 

32,16 
 

9,97 
 

86,73 
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4-  ��M :F�
� 

 

 ��% ��
)�� ��,�	
(�5�8 O��,�
5 7% 7:)+ �%– 7��,
 C�� P�V !�� g%�6 �(� d(�!� ���� 74��� $�, g�� � /���: �.'�� }��R  

(Q.� -�
�J O�M.�]5 �
 �+ $��% �5)����� L�� �( � ;)��5 $�, L�� �� �-!% G]� �� 9�� ������: ��(�J ne_ �( ��V�� ����� ��� �
� ! �5� .'�

� �% '(�&� �
 � �
)% �\� �5 9�� ������: ��(�J ne_ '&: ����%� ���� ��)�� 7% -!% 7% n��.� �
�P�� 7M.�]5 -(� �
!
�% T#[ � P�V -(� '���

 �����.� -!% $�,��+ �
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Abstract 

FRP materials have unique properties such as high ratio of resistance-to-weight that facilitate the 

performance of the structure and improve the mechanical properties of the structural elements 

reinforced with CFRP. But common failure in reinforced beams under flexural loading “ debonding ” 

prevents the maximum utilization of the bearing capacity of FRP sheets. As we know, all the 

separation in the presence of concrete originate of discontinuities, which, as the increasing the crack 

width, this discontinuity intensifies and the FRP sheet is detached from tensile surface in the 

reinforced concrete beam. Therefore, one of the effective measures in controlling concrete 

discontinuities is to add fibers to concrete. The primary task of fibers is to prevent the  expand of 

cracks due to concrete abrasion. In this study, steel fibers were added to lightweight concrete and RC 

beams were reinforced by CFRP sheet. Debonding phenomenon and the increment of bearing capacity 

of RC beams was evaluated .For this purpose, ۶ RC beams containing lightweight and steel fibers with 

dimension of ١*١٠٠*١٢٠٠۶٠ mm were built and was strengthened them with a layer CFRP sheet. The 

results of laboratory studies indicate that the adding steel fibers to concrete, increases beam ductility, 

reduces crack width, and delays the debonding. The results of the tests on lightweight reinforced 

concrete beams also showed a dramatic increase in mid span up to ٢١٫١٨ mm and ultimate bearing 

capacity of up to ١٠٧ kN. 

Keywords: Steel Fiber , CFRP sheet , Reinforced Concrete ,  Bearing Capacity, Debonding Phenomenon 

 

 
 




