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Determining the Percentage of Optimal Steel 
Fibers in Terms of Mechanical Properties in 
Ordinary Concrete and Self-Compaction with 
Steel Fibers 
 
Reinforced concrete with steel fibers has been widely used in 
concrete and reinforced concrete structures to improve the 
properties of concrete. The reason for this widespread use is the 
myriad technical and economic advantages of using steel fibers in 
concrete bodies. Reinforced concrete with steel fibers includes a 
concrete body composed of cement, stone materials, water as well 
as a percentage of short steel fibers that are mixed in a completely 
randomly and in different directions in the mixture that the 
presence of steel fibers characterizes the concrete compared to 
pure Improves. Determining the optimal percentage of fibers is 
one of the important factors in terms of economics and efficiency 
of concrete. In this study, to determine the percentage of optimal 
fibers in different strength classes, 24 mixing designs were 
prepared and a mechanical laboratory and fresh concrete were 
performed. The flexural strength of samples containing 0.9% of 
steel fibers for categories C40, C50 and C60 was 1.91, 3.86 and 
5.14 times higher than the control sample, respectively. Among 
the self-compacting concrete specimens reinforced with steel 
fibers, the most optimal mixing design belongs to the specimen in 
which 0.9% of steel fibers are used; So that the corresponding 
compressive strength is equal to 71.19 MPa. Among the typical 
concrete samples reinforced with steel fibers, the most optimal 
mixing design belongs to the sample in which 0.9% of steel fibers 
are used; The corresponding compressive strength is 63.7 MPa. 
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1  9/0  160  805  1099  400  40  NC40S0.9  

6/0  ��J  200  762  1040  500  50  NC50S0  

8/0  3/0  200  762  1040  500  50  NC50S0.3  

1  6/0  200  762  1040  500  50  NC50S0.6  

1/1  9/0  200  762  1040  500  50  NC50S0.9  

7/0  ��J  24  724  988  600  60  NC60S0  

9/0  3/0  240  724  988  600  60  NC60S0.3  

1/1  6/0  240  724  988  600  60  NC60S0.6  

2/1  9/0  240  724  988  600  60  NC60S0.9  

8/2  ��J  160  805  1099  400  40  SCC40S0  

9/2  3/0  160  805  1099  400  40  SCC40S0.3  

3  6/0  160  805  1099  400  40  SCC40S0.6  

3/3  9/0  160  805  1099  400  40  SCC40S0.9  

9/2  ��J  200  762  1040  500  50  SCC50S0  

3  3/0  200  762  1040  500  50  SCC50S0.3  

1/3  6/0  200  762  1040  500  50  SCC50S0.6  

4/3  9/0  200  762  1040  500  50  SCC50S0.9  

3  ��J  240  724  988  600  60  SCC60S0  

1/3  3/0  240  724  988  600  60  SCC60S0.3  

2/3  6/0  240  724  988  600  60  SCC60S0.6  

5/3  9/0  240  724  988  600  60  SCC60S0.9  

��2c 2- � *�>�!�!�� 7/:!D � �2V�*!���  

SiO2  Al 2O3  Fe2O3  CaO  MgO  SO3 Na2O  K2O  LOI  TiO2 
95/20  98/4  09/4  21/63  37/1  27/2  48/0  78/0  65/1  ��J  

  

 (K).V� R8�a�� :0�>��- ��*�;� .V� R8�a� ��� 

N: �� _�!0 ���- �* �2T� ����./  *��2����� o9b

ASTM-D75 ]� M�^��	?� D7� �* .1 

0��* .	�� �2� �*��- �.V� R8�a� �2V;  

 (�)8�!@� *=>?� :c �� �?�a� @�!8� 0; *=>? _V

K,L ��N��� �; �*�� D7�  ��*�; PQE� 0��>��� �� 

��  D7�) 2��;2 �� �8�7�� <!Vv �� �*����� .(

���!; 	���E� �� ?� �* �*=>? @�!8�  �S2!/A
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:s *�>� �*=>? @�!8� I�aH/� .*��* �*�� �!C

 ��2c �* �*�����3 .	�� �2� 0t��� 

 
 D7�1 - VfV�� 0��* 2V;� ?�a� 0��� � <��  

  
 D7�2 - �?�a� �*=>? @�!8�  

 (I)���� ~>? �2VVA :���� ~>? ���^: M��  *�>� �2VVA

 ��*��������� ~>? ����� �2VVA }	�,��7 

�� 2��; 0A  ��2c �* �- I�aH/�4 �2� 0t��� 

.	��  

��2c 3- 8� I�aH/�!@� *=>?� ?�a�� 

�>b )mm(  �QL )mm(  	9�� �>b 0; �QL @�!8�  �8�.v )kg/m3(  

36  80/0  45  7850  

 ��2c4- ���� ~>? I�aH/� �?�a� �2VVA 

�>af� w>�  ZP 

�7 !? 	8�3  P��  

x��  �>NL ��  

) k>aH� ���gr/cm3(  10/1  

�GA �>  *��2�  

  

2 -3- 4�� � �52�5 6,�7 �"�(  

0�>�� 	
�� � R8�a� d,�
� ���; 8� <�; ��� �?�!

<!- ��  0���ACI 544.4-18 0�>�� .2� �*����� ��� 

���./���- <�; 2T; �� `8�L ��!S 0; I2� 24 	��� 

���* `8�L ���L 2V�?�S .2T; �� <� I2� `8�L �� ��; �2� � 

���* 0Or>3 ���2N.� 2�2� .0; �>jV� ���2N.� 

0�>�� ��� �V�; *�>� ����; ���* K- �� 0Or>3  ��� 

�7!��,� ��*���� �2� 	�� . <!VO�����* K- 0Or>3 

�* �>b 24 	��� 2±20 0c�* �* �j� 0�?�S 2�.   

3 - 7"$8� ��'(�& �9� :�; <�=5	  4���> �

?��+5  

����- 0G�c ��  ���./���- �H; �* 0A ���

 �j� *�>� �r�3 0T8�Q�	�� �����- ���  <�; 0; d>;��

*>
 �^V� 	Nc ���: F!L ����-) <�; ��A��:V 

09Tc �D7� L  � ��,�� �D7�T50����- � (  ���

 ����/? 	���E� ����-) �2� 	H� <�; 0; d>;��

(�//A 	���E� ����-�� 2��;.  

3 -1- @�*7	A ��'(�& B�� V �CDE A4�; L 4�;  �

T50  

 ��,�� ��2E� �; o;�Q�ACI 211.1-91 �; `�3

�!G!��� ��;� 12 0�>��- 8>�T� <�;�  ��2c �*5  �

D7� ���3 � 4 	�� �2� 0t��� ]24[.  
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 ��2c5-  ���; ��,�� ����- u���0�>��-  �8>�T� <�; ���  

 ��,��)mm(  m�b M�� m�b �����  

98  NC40S0 1 

88 NC40S0.3 2 

85 NC40S0.6 3 

81 NC40S0.9 4 

87 NC50S0 5 

79 NC50S0.3 6 

72 NC50S0.6 7 

68 NC50S0.9 8 

75  NC60S0 9 

71  NC60S0.3 10 

69  NC60S0.6 11 

63  NC60S0.9 12 

 
 D7�3 - ���u ���-� ��; ��,��� 0�>��- ��� 8>�T� <�;� 

    

(F8�)  (K)  

 D7�4 - )F8�( ���-� ��,�� d��H� � )K( ���-� �c�� ��,��  

�*� ����: �* �!8� �� �*����� ����; *�>� ��� @

�*=>?� ; p	�� �*�* ���A �� <�; ��,��0 ��>b  �* 0A

0�>��-  �*� �; �V�; ���40  �*� ?� ���7����.�3/0 �6/0  �

9/0  0; `!:�: 0; �� <�; ��,�� ��*=>? @�!8� 2J�*

 ��2E�10 �13  �17  �* <!VO�� .	�� �*�* ���A 2J�*

0�>��-  �*� �; �V�; ���50  �*� ?� ���7����.�3/0 �6/0  �

9/0  0; `!:�: 0; �� <�; ��,�� ��*=>? @�!8� 2J�*

 ��2E�9 �17  �22 �.* �>� �� .	�� �*�* ���A 2J�*� 
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 �*0�>��-  �*� �; �V�; ���60  �*� ?� ���7����.�3/0 �

6/0  �9/0  ��*=>? @�!8� 2J�* ���A `9� <�; ��,��

 ��2E� 0; `!:�: 0;5 �8  �16 	�� �2�.   

 �* ��2c6 �������- u *>
 <�; ��� ���: �A����

 �; o;�Q� .	�� �2� 0t���EFNARC  ��^� �*�2f�

<�; ��,�� ���c  ���*>
�A��: ��;��A ���;  ���

<�;  �*�2f� �* ���2�� � �550  �:850  ���!G!�	�� .

 D7� �*5- �F8�  ���; ��,�� ���c �*�E�0�>��-  ���

 <�;*>
�A��: ���� .	�� �2� 0t��� b 0j3,� 0A �>

��  ����: **�S0�>��-  �*�2f� �* ����; *�>� �V�; ���

 ��^�EFNARC �� 2V��; ]20[ . 

 D7� 0; 0c>: �;5- F8�  ��2c �6 ��  ��!; ��>:

0�>��- ��,�� ���c 0A *>�� *>
 �V�; ��� �A����

 I���: ���!� ��2E� �� ?� �; �*=>? @�!8� ���3

0�>��- �; ���2Vv � 2L�? ���.2���2� @�!8 

��2c 6- T�!�����  <�; ���VA*>
�A��: ���: ]18[ 

m�b �����  m�b M��  �*=>? @�!8� (%)  

����- ���: <�; ���  

 ��,�� ���c

)mm( 

 �QL 0; �2!�� ����50 

 ���!����T50 )s( 

 �� 0!GH: ����

 F!LV D7� )s( 
H2/H1 

550  �:850 2  �:5 6  �:12 8/0  �:1 

13  SCC40S0 ��J  799 40/2 4/6 96/0 

14  SCC40S0.3 30/0  772 65/2 5/6 93/0 

15  SCC40S0.6 60/0  725 76/2 1/7 90/0 

16  SCC40S0.9 90/0  718 86/2 5/7 89/0 

17  SCC50S0 ��J  703 53/3 8/7 86/0 

18  SCC50S0.3 30/0  661 55/3 4/8 85/0 

19  SCC50S0.6 60/0  701 76/3 21/9 84/0 

20  SCC50S0.9 90/0  689 37/4 74/9 82/0 

21  SCC60S0 ��J  671 23/4 46/10 81/0 

22  SCC60S0.3 30/0  668 25/4 54/10 8/0 

23  SCC60S0.6 60/0  663 35/4  23/11 79/0  

24  SCC60S0.9 90/0  659 54/4  82/11 78/0  

  

D7� �* 5- K u��� ����-  �QL 0; �2!�� ����

50 ) �������T50���; ( 0�>��- ��� <�; *>
�A��:  ���3

�2� 0t��� �*=>? @�!8� 2L�? � ���� .	��  0A �>b

�� 0j3,� S �* �*=>? @�!8� �� �*����� **� ����:

0�>��- �V�; ����  ����T50  .	�� �*�* �� ?� ��

;0 ��>b  �* 0A0�>��-  �*� �; ���40 �50  �60 

 �� ?� <��/!; ��7����.�T50  0; 	9��0�>��-  2���

 �;��; `!:�: 0;19 �24  �7  .	�� �2� 2J�*  

D7� �* 5- � u��� ����- F!L V D7� ���; 

0�>��- ��� �V�; *>
  ����- <� .	�� �2� 0t��� �A����

 �; .	�� <�; ��!�
 	c 8 � �S2VVA�� 	!G;�L @�T�

 D7� 0; 0c>:7 0�>��- ����:  �* ����; *�>� ���

 ��^� �*�2f�EFNARC  .2���* ���L �.* �>� ��

 F!L �� <�; 0!GH: ���� �*=>? @�!8� �*� ?�V  �� D7�

 ����; *�>� �*� 0� �� �* 07�>Q; .	�� �*�* �� ?�

 F!L �� 0!GH: ���� �� ?� <��/!; V  0�>��- �* D7�

 ���3 ���9/0 �� <��;�V; .	�� �2� *�^� 2J�*  ��>:
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* �*=>? @�!8� �>�3 0A 	?� 	�* 0^!�� <� 0; �<�; �

 �� ?� �� F!L �� <�; ���
 ���� I2��� 2�*  <2; �

 ���A �� <�; ��!�
 	c 8 	!J�
 `!:�:�� 2�*. 

D7� �* 5- �I u���  09Tc ����-L D7�  ���+; 

0�>��- ��� �V�; *>
  ����- <� .	�� �2� 0t��� �A����

��     � ���+: <�+; ��+�c 	!G;�L ����; 	Nc ���!T� 2��>:

*�2��� �22�      �+; .2+��; <�+; �* �+�*�.G!� �>�3 �� ����

 D7� 0; 0c>:8  ����:0�>��-    0+9Vc �� �+���; *�>� ���

 ) *�2+��� 	9��H2/H1   ��+^� �*�2+f� �* (EFNARC 

 ��/� DJ�3 u��� <!VO�� .2���* ���L�� 2�*  �*� ?� 0A

 ��2E� �*=>? @�!8�H2/H1  .	�� �*�* �� ?� ��  

    
 (F8�)�� ���c ����- ��,   (K) ����-T50   

    
 (�)���-� L!F VD7�  ����- (I)  09TcL  

 D7�5 - ����- u��� �A��:*>
 <�; ���; FG�H� ���  

3 -2- ��'(�&  "�FG 6������   

 D7�6�� ��/� �� ���/? 	���E� ����- � .2�* 

D7� �*  7 - �F8�  ���/? 	���E�28  ����0�>��-  ���

�; �8>�T� �V�;��.� `�3 .	�� �2� 0t��� ��7��

�� 0j3,� 0A �>Q���� 	8�3 ����: �* **�S  �*� ?� ��

 .	�� �*�* �� ?� �� <�; ���/? 	���E� �*=>? @�!8�

;0 ��>b  �* 0A0�>��-  �*� �; �8>�T� �V�; ���C40 �

C50  �C60  �*� ?�3/0  	���E� �*=>? @�!8� 2J�*

 ��2E� 0; `!:�: 0; �� ���/?3 �5  �7 2J�*  �*�* �� ?�

 �* <!VO�� .	��0�>��-  �*� �; �8>�T� �V�; ���C40 �

C50  �C60  �*� ?�6/0  	���E� �*=>? @�!8� 2J�*

 ��2E� 0; `!:�: 0; �� ���/?7 �9  �16  �� ?� 2J�*

.	�� �*�* �.* �>� ��� �* 0�>��- ��� �V�; �8>�T� �; 

�*� C40� C50 � C60 �*� ?� 9/0 2J�* @�!8� *=>?� 

�� ?� `9� 	���E� ���/? 0; `!:�: 0; ��2E� 16� 11 

� 13 2J�* 	�� �2� �*�E� 0; 0c>: �; � <��;�V; .

0; �� 0j3,� �2�- 	�*  �*=>? @�!8� �*� ?� 0A **�S

 0;0�>��-  <�; �*� � @�!8� ��2E� 0; 0��; ��8>�T� <�; ���

��  ���/? 	���E� 2��>:0�>��-  �� �� �V�; ���3  �:16 

 �* .2�* �� ?� 2J�*0�>��-  ���3 �8>�T� �V�; ���

3/0  �6/0  2�� �<�; �*� �� ?� �; ��*=>? @�!8� 2J�*

0; ���>�� <�; ���/? 	���E�  �*>TJ I�>J	�� �* ��� p
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0�>��-  ���3 �V�; ���9/0  �� ?� �; �*=>? @�!8� 2J�*

 � �/� ?� I�>J 0; �2�;� �* ���/? 	���E� 2�� <�; �*�

 �/��A I�>J 0; �- �� _�	�� .  

D7� �*  7- K  ���/? 	���E�28  ����0�>��-  ���

*>
 �V�; �* �A����12      �2+� 0+��E� �.2+7 �+; 	8�3

�� 0j3,� 0A �>Q���� .	��  �* **�S0�>��-    �+V�; ��+�

*>
    � 0�+��* 	+9h� �+C� �*=>? @�!8� �*� ?�  !� �A����

 �� ?� �� <�; ���/? 	���E��� 2�* +; .0  ��>+b    �* 0+A

0�>��-  �V�; ���*>
�A��:  �*� �;C40   �*� +?�3/0 �6/0 

 �9/0  0; `!:�: 0; �� ���/? 	���E� �*=>? @�!8� 2J�*

 ��2E�5 �8  �13     �* <!+VO�� .	+�� �*�* �� +?� 2J�*

0�>��-  �V�; ���*>
�A��:  �*� �;C50   �*� +?�3/0 �6/0 

 �9/0 �*=>? @�!8� 2J�*� �/? 	���E� 0; `!:�: 0; �� ��

 ��2E�7 �19  �6  �+.* �>� �� .	�� �*�* �� ?� 2J�*� 

 �*0�>��-  �V�; ��� *>+
�A��:   �*� �+;C60   �*� +?�3/0 �

6/0  �9/0 �*=>? @�!8� 2J�* �� +?� `c>� �   	+���E�

 ��2E� 0; `!:�: 0; ���/?6 �11  �7   2+J�*  	+�� �2+� .

  <�+; �*� �� ?� �; <!VO�� *>+
�A��:  ��C50   0+;C60 

�� ���A ���/? 	���E� 2�� .2;�  

    
 D7�6- ���/? 	���E� ����-  

    
(F8�)  (K)  

 D7�7 - �E�0� 	���E� ��/?� 0�>��- ��� V�;� �*=>? @�!8� 2L�? � �A��:*>
 (K) � �8>�T� (F8�)  

D7� �*  8�  ���/? 	���E�0�>��-  �V�; ���

*>
 � �8>�T��*� ���; �A���� �V�; ��� C40 �C50  �

C60 ���� .	�� �2� �*�* ��/�  0j3,� 0A �>b

�� �*� ����: �* **�S  ���/? 	���E� �����; *�>� ���

0�>��-  �V�; ���*>
�A��:  �; �q�V�� �*�E� ��0�>��-  ���

�2� ��/!; �8>�T� �V�; ; p	��0 ��>b  0; 0��; 0A

 ���/? 	���E� �?�a� <�; �*� � �*=>? @�!8� ��2E�

�-0�>�  �V�; ���*>
�A��:  ��2E� 0;6  �:22  �� 2J�*

 �; �q�V�� �*�E�0�>��-  �2� ��/!; �8>�T� �V�; ���

	��.  

3 -3- ��'(�&  FF� 6������  

 D7� �* �//A 	���E� ����- M�^�� �>f�9 

 .	�� �2� �*�* ��/�D7� �*  10 - F8� 0��E� 0; 

	���E� �//A 0�>��- (	?�7� �//A 	���E�) ��� 
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;�V� �8>�T� ���3 � 2L�? @�!8�  �*� 0� ���; �*=>?C40 �C50  �C60 .	�� �2� 0�
�*��  

    
 (F8�) <�; �*�C40   (K)�*� <�; C50  

  
) (��*� <�; C60  

 D7�8 - �E�0� 	���E� ��/?� 0�>��- ��� V�;� 8>�T�� � *>
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