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Assessing the Effects of Volume Fraction and 
Diameter of Hooked-End Steel Fiber on Vebe 
Time and Mechanical Properties of RCCP 
 
Using Roller Compacted Concrete Pavement (RCCP) is 
expanding all around the world and it shows the importance of 
accurate experimental assessment of this kind of concrete. In this 
research, in order to investigate the influence of volume fraction 
and diameter of hooked-end steel fiber on Vebe time, compressive 
strength, splitting tensile strength, flexural strength, and 
toughness of RCCP, ten mixtures were used. One control mixture 
and nine fibrous mixtures contain volume fraction of 0.25-0.75 
and diameter of 0.38-0.7 mm fiber were constructed. Results 
showed that increment of fiber volume fraction and decrease of 
fiber diameter led to increase of mechanical properties and Vebe 
time of RCCP. Due to experiments, the factor of volume fraction 
was more determinative than diameter. By adding hooked-end 
steel fiber, load-deflection curve and toughness demonstrate 
sensible improvement. Some of mixtures showed softening 
behavior and other showed hardening behavior. Mixtures which 
contain higher fiber volume fraction and lesser fiber diameter 
showed hardening behavior. Mixture with volume fraction of 0.75 
and diameter of 0.38 mm recorded the most appropriate 
mechanical strength and toughness, and the results of splitting 
tensile and flexural strength indicated increment more than about 
100%.  
 
Keywords:  Roller compacted concrete pavement, Steel fiber, 
Mechanical properties, Vebe time, Toughness. 
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2 Roller compacted concrete dam 
3 Roller compacted concrete pavement 
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 P(�2 - RU] �Q)= T�08� /�2.� ��,  

 ������� �(�)* +�� �,-� V@U�� ��2� /� /4-  ��

���2�� �-7.@ /�  ����1 ��0DRCCP �� �-@�9  �� ,�-@

 ,��2����� |��� �� .	=�D ���] �,�3���ASTM C1170 

]25[ ��@� ��� ��  /X)Y +�=�D P(� ��@� /� �2� dUS�

 ��0@ +�� ��0� �����7/22  T�} ���-, � �@�D-)01

�@ /�3D +�� ���Y .,-�  

 ,��2����� |�����ASTM C1176  ���� �,�@9

/�-��   �� � �2.���Q8 Q0@ ��� �� /> /� /> <�-i� ��

.	=�D <�-S �����  

 ��241- <�0S-i
 ���0� ��0�0�  

(%) ��0�0� <�:01�   

CaO  SiO2  Al 2O3  Fe2O3  MgO  Na2O  K2O  SO3  

36/63  11/21  42/4  96/3  51/1  38/0  51/0  61/2  

 W-�O@ �,60 /��-��� /�-��  �� �_] ��100 

�)0@ ��@  W�3 �� �200 �)0@ ��@  +� �� /1 2�2� /�
��

 ��0@30  � ����= 	@��X@ ���� /�-��30  �;, /�-��

 .2�,-� �D2� �0� �, ��1 	@��X@ ���� �-7.@ /�

 �,�, ���] �� +�� �� /> �� ���-�.@ ����0  	
��

 ��(���-)01 h.� �,�?@ ������ �,��= .2,�D �,��=

/�-�� ���� � ���� �,��= � 2� j�O�� /> /� �, �� �

 .,�1 �20� /@�,� ����� T��b� �, ��0� �2� ����� �  />

/�-�� j��  �� 	
�� �� 2?�  /� ���;��@�9 r��� �,

 <2@24  ���
 a8�] �� B�� � �2� ���2!;� 	���

.2�2� /�-��  ���� ��28  ��@, �, ���24  ,��;0���� /4�,

 .2�2� ���2!;�P�� /���� ,��2����� |��� �� ���9 

ASTM C192 	=�N� <�-S ]26[.  

3 -2- 7��*+ 8��  

�, X^  +�/�-D /� ��@�9 6�� \0  2� �Y��b ��

RU] �Q)= T�08� ��OY 2S�, � �_] �`� �   +�� �� ��,

 � ���1 �����= 	@��X@ .,,�D ����� ������ �(�)*
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���� ��� ������ ���   ��� ����� �����1 ������  � ��!� �1401 

 ��O��4 <��00k  {�� �� ���
1/0 �)0@  /X0], �� ��@

 .2� j�O�� P(�3 	�  ���� �2� j�O�� �.0Z  �� ��

�@ ���� .2�,  

 ��242- T�08� �(0��(@ <�iA�@  

T�08� W-�  ) �_]mm(  ) �-bmm(  �_] /� �-b 	:��  
 ��Q=� 	0)��]

(%) �-b  

 ���1 	@��X@

)MPa(  

 z-iA@ ���

)kg/m3(  

RU] �Q)= ��,  38/0  35  92   �� ���14  2480  7870  

RU] �Q)= ��,  5/0  35  70   �� ���14  2480  7870  

 �Q)=RU] ��,  7/0  35  50   �� ���14  2480  7870  

 ��243- (���.1) /�� c-)A@ d�b  

���0� /� R9  ) ��� 2Y��kg/m3(  

  ���0�  R9  
	��,  /��,  

)13-5 (mm  

	��,  /��,  

)19-13 (mm  
/��,Q�  

4/0  350  140  79/231  84/540  93/1158  

 ��244- c-)A@ d�b T�08� ���Y ���  

 21

c-)A@  
Control 

SF-
D0.38-
V0.25 

SF-
D0.38-
V0.5  

SF-
D0.38-
V0.75  

SF-
D0.5-
V0.25  

SF-
D0.5-
V0.5  

SF-
D0.5-
V0.75  

SF-
D0.7-
V0.25  

SF-
D0.7-
V0.5  

SF-
D0.7-
V0.75  

 �_]

)mm( 
-  38/0  38/0  38/0  5/0  5/0  5/0  7/0  7/0  7/0  

 2S�,

��OY  
-  25/0  5/0  75/0  25/0  5/0  75/0  25/0  5/0  75/0  

  

 ����= 	@��X@ ,��2����� |��� ��ASTM C39  �

/��-��� /�-�� /� ��@�9 �� 2� j�O�� c-)A@ �� ���� �� 

]27[.  �-7.@ /� �0��, ���1 	@��X@ �,��9 	�2�

 ,��2����� |��� �� �D2�ASTM C496  /�-�� /�

/��-��� A@ /X)Y �, c-)A@ �� ���� �� ���] 	�  z-i

2,�D 	:` h��� � 2� �,�, ]28[.  

/_X� ��!Z ��
 ��@�9 ����  c-)A@ �� ���� ���

 ,��2����� |��� �� � 2� /�
�� �0  /�ASTM C1609 

 	=�D ���] ��@�9 ,�-@]29[ /�-�� �� .90  	:�� /4�,

 �2��
�Z �2� 	
�,�� x_� /�  ��� �� ���0  B�� � 2�

/0(   /)S�= /� ���D30 �����  �.^.@ .2�2� �,�, ���] ��@

��0�- �, �2� ����� �����@���� /:��^@ ���� ��(@ �00k 

 ,��2�����1609  �, r�-  ��(@ �00k  .2,�D �,�3���

LVDT 14 � ��(@ �00k  /1���2�� �� /���, r�  ��0D

�@ �@ 	:` 2�,�1 2�.  

  
 P(�3 - 	�  �.0Z  �����= 	@��X@ :t8� ��2� j�O�� ���

�� :R �D2� �0� �, ��1 	@��X@ :, ����
 	@��X@:� ��� 

                                                 
14 Linear variable displacement transducers 

R t8� 

, � 
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����� 	
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	]�b ��0� �.^.@ �� x_� |��� ��- ��(@ �00k 

 	�� �2,�D /:��^@ �2� uA�@ ��(@ �00k  �  /1 �,

 ����� +�1/600� 1/300 � 1/150 �1/100  /���, �-b

�@ .2��� ���
 �2��@ �]�� 	@��X@  /� /4-  �� /8,�?@1 

�@ /:��^@  �9 �, /1 ,,�DP  �(+ -0�) ���L  /���, �-b

)300 �)0@  �(��@b ) ���100 �)0@  � �(��@d  \��

)100 �)0@ (��@ �@ 2���. RT.150  	@��X@ 	:�� /1

�,�?@ ���
 �@ 2��� ��� �� �,�3 /8,�?@ ��2  /:��^@

 /1 	�� �2�f1  �(��(����;@) C0� +08�� 	@��X@T150 

��0� �.^.@ �� x_�- ��(@ �00k   ��(@�00k  � 

L/150 )�(��@.+ -0� b ) ���100 �)0@  � (��@d  \��

)100 �)0@ �@ (��@ .2���  

)1(  � �
��

���
 

)2(  �	.  �� �
150. ���

�����
. 100% 

 

3 - 9��� :	
$; � ��<=;  

3 -1- �� ��* &�  

�� ��@� �� ��OY 2S�, � �_] �`� , �� P(� �4  /�

�2� �20�1 �-i   �2� �,�, ���� /1 �-_���� .	��

	�� �� ��@� �� ��OY 2S�, ��Q=� ��  �� � ��Q=�

���1 �@ �20� ��Q=� T�08� �_] 2.1. c-)A@ �,  �� ���

 �_]7/0 �)0@  �� ��OY 2S�, ��Q=� �� ���@25/0  /�

75/0  �,�X@ �2S�,�� ��@� ��  � 25  �20� ��Q=� 2S�,

�@ 2.1 )30 -24 /0��`(.  �_] ���� /���@ <�-S /�5/0  �

38/0 �)0@ ���@  �,�X@ ���OY 2S�, ��Q=� �� ��@�

�� ��  a0 �  /�44 )36-25  � (/0��`27 ) 2S�,38 -30 

(/0��` �@ �20� ��Q=� .2.1  �, /1 �-_���� P(�4  ����

 ��@� +� >�� 	�� �2� �,�,�� ��  ���Y c-)A@ �,

75/0  �_] �� � T�08� 2S�,38/0 �)0@  �2� 	:` ��@

 ��@� ��Q=� .	���� ��  � ��OY 2S�, ��Q=� /O0��

�@ T�08� �_] ���1 �;, �-� ��  �� ���� +� � 2���

 �, T�08� ,�2?  �X� P08, .,��, ���  +�� ���� ,�2^@

 �, T�08� /(:� ��0D P(� �+�� ����1 ���1 �)S�

 B� �@RCCP 	�� ]30[.  x_� �;, �-� ��

 �(�)* +�� �� ���0� T�08� ���Y �(�)* +�� z-iA@

�@ �,�� � 2��� �@ +�  ���0� ��@� T�S /� �O.@ 2��- 

 ,-� �(�)* +�� a��.@ �1��  /� �20�� ����]20[.  

  

 P(�4 - �� ��@� �� T�08� �_] � ��OY 2S�, �`� .��  

��@� �� /��X@ �, �� �� ) ���.1 c-)A@25  �(/0��`

d�b  ���SF-D0.7-V0.25 �SF-D0.7-V0.5  �SF-

D0.5-V0.25  �, ��00k  ��@��� ��  �7� /� .2.���2�

�@ ���� 2�� �� �� ���ND �0`�  �� �, ��  P0(� 

/(:� T�08� �� 	�� ��0� T�08� ,�2?  �� �)]�2Y /� .

 ��-�O@\0X^  +� �, �,�2^@ �� ��@�  �� ��24  � 38 

�� ��@�) 2� 	:` /0��` c-)A@ j��  �� �, ��  ��245 

	�� �2� �,�, ����(.  /� /4-  ��ACI 325� �� ��@�  ��

 ���� a��.@RCCP  +0�30  � 40 	�� /0��` ]5[ �, �, .

\0X^    �,�2^@ �, ��@� +� �;,47  � 65 /0��` ]3 ,

31[  �� �;, ������ �, �30  � 75  ,�!.�0� /0��`�2� 

	��]32[.  

3 -2- ��)> ?����  

 /� /4-  �� P(�5  �� T�08� 2S�, � �_] <��`� /1

 �	�� �2� �20�1 �-i  /� �9 �, ����= 	@��X@

�@ c-)A@ �T�08� 	��` ��2X@ �, /1 20�!= ��-   ���

 ����= 	@��X@ ���0� �_] �� T�08� ���Y.2���, �� >��  
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����� 	
���� ��� ������ ���   ��� ����� �����1 ������  � ��!� �1401 

 ��245- �� ��@� h��� �D2� �0� �, ��1 	@��X@ �����= 	@��X@ ���. 

c-)A@ 21  
�� ��@�  ��  

)Sec(  

 ����= 	@��X@  

)MPa(  

�D2� �0��, ���1 	@��X@  

)MPa(  

Control 25  30/30  02/3  

SF-D0.7-V0.25 24  09/33  93/3  

SF-D0.7-V0.5 25  53/34  64/4  

SF-D0.7-V0.75 30  72/37  79/4  

SF-D0.5-V0.25 25  20/32  58/3  

SF-D0.5-V0.5 29  35/33  76/4  

SF-D0.5-V0.75 36  13/35  83/5  

SF-D0.38-V0.25 30  42/31  44/4  

SF-D0.38-V0.5 34  75/34  15/5  

SF-D0.38-V0.75 38  68/38  31/6  

  

h��� ����� /� /4-  ��  /1 	�� uA�@ 2S�,

 ����0� �D2..1 +00?  �9 �_] /� 	:�� T�08� ��OY

,��, ����= 	@��X@ �00k  �, .PCA  �-:] P��] �,�2^@

 ���� �� ������ �(�)* +�� ����= 	@��X@28  � 41 

	�� �,�1 �1s ��(����;@ /1  �, �� \0X^  +� h���

2.��� ��@��X@ ���� +0�� ) ��245(.  ���� /1 �-_.0��

	�� �2� �,�,  ��2� c-)A@ ����= 	@��X@ �� /��X@ �,

) T�08�3/30 �(��(����;@  �,�Q=�RU] �Q)= T�08� ��,  �`�

 ��Q=� a4-@ � /���, +�� ����= 	@��X@ �� ��:y@

 ��OY 2S�, ��) 	�� �2� ����= 	@��X@ �,�X@25/0 

 � 75/0 .(d2@ ����� �, ��
 �� � ����(]18[  Q0�

 /� �Q)= T�08� �,�Q=� �� ����= 	@��X@RCCP ��Q=� 

.	�� /���,  �� Q0� �8-�?@ +�� �, /���@ <�X0X^  �,

 	@��X@ (��OY 2S�, C � ) �Q)= T�08� �� �,�3���

 ����=20  � 26  	�� /���, ��Q=� 2S�,]33 ,34[ .

 �00k  �;, <�X0X^  �
�� /1 	�� �8�Y �, +�

 2�,�(� 6��QD ,-
 h��� �, �� ��-�^@]12 ,35 ,36[.  

 �Q)= T�08� �,�Q=� �� ����= 	@��X@ ��Q=�

�@ -  v�  ����,�2^@ � ��S�^@ �� ���� 2��  ���� ��

 ,,�D �,�3��� ����0� T�08� /Z�� .2��� ���0� ������

v� Q� �� � �`-@ ����-��� /� �O.@ �@ ��  ,,�D]18 ,

37[ .  

  

 P(�5 - .����= 	@��X@ �� T�08� �_] � ��OY 2S�, �`� 

3 -3- &��! "	��� &))� ?����  

 P(�6  	@��X@ �� T�08� �_] � ��OY 2S�, �`�

 �, �D2� �0��, ���1RCCP �@ ���� �� 2�, .

 � ��OY 2S�, ��Q=� 	�� �2� �,�, ���� /1 �-_����

 	@��X@ ��Q=� �� �,-!�@ ��0�� �0`�  T�08� �_] ���1

 /1 ��-b /� .,��, �D2� �0��, ���1 c-)A@ �,SF-

D0.38-V0.75  ,-:!� 2���100  	@��X@ �2S�,

�D2� �0��, ���1 ���.1 c-)A@ 	:�� .�0���  ��

 h��� ����� 2S�, �-�1�= �, �� /1 	�� uA�@

 �_] � ��OY�@� 2���ND�`� ���1 	@��X@ ��  2S�,

.,��, T�08� �_] /� 	:�� ����0� ���ND�0`�  ��OY 

c-)A@ ���  �_] �� T�08� ���Y ���38/0 �)0@ ��@  �,
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����� 	
���� ��� ������ ���   ����� ����� ���1 ������  � ��!� �1401 

 ���2S�,25/0  � 75/0  /���, �� �,�X@ +� >��.	�� 

c-)A@ ��� �� ���Q=� �0� +���1 �� �� T�08� ���Y �

 �_]7/0 �)0@ �,�1 	:` ��@ .2��  

  

 P(�6- ��1 	@��X@ �� T�08� �_] � ��OY 2S�, �`��  �,

�0� .�D2� 

 �,�X@ �, �D2� �0��, ���1 	@��X@ ��245 

�2� �,�, ���� .2�� �)S� ��-�� 2��  ��Q=� P08, +� 

 B� �@ � T�08� +0� �1�(_S� 2�-0� �� ���1 	@��X@

v�  Q� 2�� �� ��0D-)4 /(.� +�[ .,����� +��  �� �,

/��2;.� T��b� ��X��� /0Y��  T��b� <U@ � 	��, ���

�9 .	�� ��,�-
�� ,�-@ +� �, �>�� 	0��� �� Q0� �� 

@ ��Q=� �,2?�@ <�X0X^  �D2� �0��, ���1 	@��X

�,�1 6��QD ��  2��]22 ,38 ,39[.  

3 -4 -  ?���� � &)�A?B5  

 +� �, /?8�_@ ,�-@ ����-�1�= �`� �� \0X^ 

�, ���
 	@��X@  P(�7 .	�� �2� �20�1 �-i  /� 

 	@��X@ ��Q0@ +� >�� 	�� �2� �,�, ���� /1 �-_����

 ���
 �, c-)A@SF-D0.38-V0.75 `	�� �2� 	:. 

 �� � 2S�, �� ��D2� �0��, ���1 	@��X@ 2.����

 ����� �� �@� .2���ND�`� ���
 	@��X@ �� T�08� �_]

\0], 2S�, �`� �  ��OY  �9 �_] �� ���0� T�08� .	��

 � ��OY 2S�, ��Q=� /O0�� ���
 	@��X@ ��Q=�

�@ T�08� �_] ���1 .2��� c-)A@ ��0@ �,  +� ���

c-)A@ �/?8�_@ ) �_] +��(Z-1 �� T�08� ���Y ���38/0 

�)0@  (��@ ���2�� 2��� � 2�,�1 	:` �� �,�X@ +� >��

�,-?S Q0� (��OY 2S�, ��Q=� ��) .,-� �   �� |�0] �,

 T�08� ���Y c-)A@7/0 �)0@  � ��@25/0  T�08� 2S�,

)SF-D0.7-V0.25( ��Q=� �� �S�, ���1 � ��OY 2

 �, /1 ��4 �  /���, ��Q=� ���
 	@��X@ T�08� �_]

 c-)A@SF-D0.38-V0.75 105  �,�, {� ��Q=� 2S�,

	��.  a ��@ /� ���
 	@��X@ �� �,>-= T�08� �0`� 

 �� �9 	)� .	�� ����= � ���1 	@��X@�� ���0�

�@ P(� ���=� /1 ,�, x0[-  /�-D +� ��-   +�� �N�

���Y ���  m�-  �+�� ���1 /0Y�� �, �,>-= T�08�

�@ �00k  �-^� /� �� ���1 � �.  C0��>�  �, /1 2�,

 /0Y�� �, � C0��U� <�-S /� �.  m�-  ���1 /0Y��

 �y.
 ��  /O0�� �, .,-� 2��-
 C0��>� <�-S /� ����=

�@ �O��4 ����= /0Y�� 	�� /� .,-�   

  
 P(�7 -  T�08� �_] � ��OY 2S�, �`����
 	@��X@ ��  

 ��246  	@��X@ ����
 	@��X@ P@�1 h���

 �2���0]�� �, ��(@ �00k 1/600 � 1/150  /���,)F600  �

F150�( 	]�b ��(@ �00k  �, 1/600 �1/300 � 1/150 �

1/100 /�) /���,  a0 � T600 �T300 �T150 � T100(  �

) ���
 	@��X@ �,�?@ 	:��RT,150( .	�� �,�, /��� �� 
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T150 

(N.m)  
T100 

(N.m)  
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(%)  

Control  68/4  -  -  -  -  -  -  -  

SF-D0.7-V0.25  33/3  53/1  51/1  63/3  24/6  49/11  30/16  10/52  

SF-D0.7-V0.5  99/3  04/2  03/2  89/3  40/7  49/14  66/20  95/52  

SF-D0.7-V0.75  65/4  ÷55/3  92/2  96/5  84/11  23/22  32/31  25/72  

SF-D0.5-V0.25  47/3  62/1  95/1  07/3  87/5  08/12  43/18  76/58  

SF-D0.5-V0.5  11/5  61/3  38/3  42/6  58/12  92/24  30/35  86/71  

SF-D0.5-V0.75  45/5  96/4  79/4  19/7  53/15  24/32  12/47  18/123  

SF-D0.38-
V0.25  

59/3  70/2  08/3  33/4  23/9  01/20  47/29  12/84  

SF-D0.38-V0.5  19/5  03/4  92/4  86/6  12/14  21/30  20/46  35/92  

SF-D0.38-
V0.75 

88/6  23/6  10/6  87/8  59/19  83/40  17/59  98/125 

  

    
(t8�)  (R)  

  
(�) 

 P(�8 - T��D �� T�08� �_] � ��OY 2S�, �`�  �����0� -T�08� �_] |��� �� ���
 ��(@ �00k .  
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