
Civil Infrastructure Researches, Vol. 6, Issue.2, Winter 2021, pp. 79-93 

 

                                                 
* Corresponding author 
Received 09 May 2021, Revised 22 May 2021, Accepted 23 May 2021. 
DOI: 10.22091/cer.2021.6931.1248 

 
Investigation Experimental Of the Concrete 
Properties Containing Bentonite and Zeolite as 
Natural Pozzolan  
 
Using pozzolanic materials in concrete manufacturing is intended 
as an optimal solution to lower the rate of greenhouse gas 
emission, and diminish energy resources and cement 
consumption. This research is aimed at evaluating Semnan zeolite 
and bentonite as partial replacement of cement in concrete. 
Twelve bentonite and zeolite mixes and control mix were 
examined. The main variable is the proportion of bentonite and 
zeolite (5, 10, 15 and 20%) by weight of cement in replacement 
mode while the amount of cementitious material, water to 
cementitious material ratio, fine aggregate content were kept 
constant. To study properties of hardened concrete, compressive 
strength and splitting tensile strength tests were performed. 
According to the results of compressive strength test, using 
bentonite and zeolite results in 5% increase in compressive 
strength as compared with the control mix (without bentonite and 
zeolite). By replacing 20% of zeolite with the weight of cement, 
the compressive strength is reduced by 9%. In most samples, 
Bentonite and zeolite as partial replacement of cement, it is 
possible to obtain the compressive strength acceptable. According 
to the results in mixtures containing zeolite and bentonite, if the 
amount of zeolite and bentonite are more than 10% by weight of 
cement, the tensile strength is reduced by 23% compared to 
control mix. 
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 Y-�1 - �
���H g��G�
.5X@  

 
                                                	!�5�+9 =�5�� (W3�)            )	!35a� =�5�� (R  

Y-� 2 - 	!35a� � 	!�5�+9 =�5��  

 ��*L1- ��[��5� .�5� � ���!� M�`8��  

 �3�/u)g/cm3(  
���!�  	!�5�+9  	!35a�  

2/3  8/1  5/1 

 �
�!�!� M�]!4�7(%)  

SiO2  11/21  8/69  28/69  

Al 2O3 42/4  88/11  43/10  

Fe2O3  96/3  73/1  49/0  

CaO  36/63  96/0  56/3  

MgO  51/1  42/1  5/0  

Na2O  32/0  5/0  73/0  

K2O  51/0  47/0  27/1  

TiO2  - 1/0  166/0 

P2O5  - -  004/0 

SO3  - -  005/0 

LOI  02/2 -  97/12 

*!�� �. �5XJ��� �*��� �h�9  32/0 -  -  

.��H 2�H  23/1 -  -  

C3S 0/53  -  -  

C2S  8/20 -  -  

C3A  0/5  -  -  
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2 -2- �1-�1�	2 �,$�� ��3  

�
���H g�6�� 	,L  � ����@ 	���T� ���� 	���T

=��5��� ���4 ���  .�*;752 =��5��� =�5�� �� .�;9� =9

200×100 �X!�  Y-�) 	�� �*� =�
�� ���3.(  Y^���

=�5�� 	
�� �
���H g�6�� � �� WX�8� ��� r9�U�

 .��*�����ASTM =��. .	�� �*� g�6�� 9 |3�`� �*+

�9 =��. 
� �/+� s���ASTM-C136  � j5`8� ���

 s����9 (=���) =��. 
� �/+� |3�`� RH RFL �

ASTM-C128  	��. �/+� |3�`� j5`8� ��� �

 s����9 (:�) =��.ASTM-C127 �	�� �*� g�6� 

]25 -27[.�
���H i
��� �� ��� g�6 ��*L �. �*�2 � 

=��. ��.5��  Y-� �. =��� �*+94 	�� �*� �.�. ����.  

  
  

=�5�� (W3�)�*� =�
�� ���   �� t� =�5�� (R)24 �*� ���
 Z3�h �� 	���  

  
=�@�G ���h ����@ 	���T� �
���H 	J7 =�5�� (�)  

 Y-�3 - =�5�� ��� �*� =�
��  

 ��*L2-  M�`8��=��. 
� �/+� |3�`�  

M�`8��  =���  :�  

) RH RFL٪(  5/2%  1%  

) j5`8� ���kg/m3(  1950  2100  
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���H =��5��� �����  r]c

.��*����� ASTM-C39  �*� �!� �. ���4 �
���H �

=�5�� =��5��� ���  .��*����� s����9 ��ASTMC496-

71 	�� �*� g�6�� ]28[ � ����@ 	���T� �
���H .

 :!+� �. ���47  �28  :!+m�� .	�� �*� g�6�� ����

=�5�� �� *;9 �*� =�
�� ���24  � ���
 Z3�h �� 	���

 ���. �. RH =mS5^ �. 	�7 g�6�� ���� �723  =L�.

����� 	�� =�@�G ���h .��G=�5�� RH RFL �
���H . ��

 s����9ASTM-C642  g�6�� ���9 .	�� �*� g�6��

=�5�� RH RFL �
���H��
 RH �� =�5�� ��� �H |U� � �

 �H 2�
 |U� �9 q�]�� ��� � �*� 2�
 I!J� �.

���*��) =��8��G �. tv� ��*� ��!Goven � �.�. ���h (

 	�FG �� *;924  ��.*6� �H 2�
 ��� 	���

���*�� .	�� �*� ��!G ����9 ���9 �
���4  �d5X8�

 ~�N�� �
���H .��*����� s����9ASTM-C143  g�6��

	�� �*� ]29[�!� :!+m�� . �/�8!�G ��*� �+!9

=�5�� .��*����� �. �*� =a��� =U9�� r9�U� ��ACI318-

14  .	�� �*�H 	�. =9  

2 -3- 6-�7� 8�9  

=�5�� d5X8� b�c � ���� E�� �� �.�O��� �9 ��

 .��*����� s����9ACI211  ��*L �. =4 �*� g�6��3 

.	�� �*� =a���  M�;3�U� �. 	!�5�+9 �� �.�O��� *<�.

 �� ���4 �:!�!� WX�8�10  .�*^) *<�.3  �3�6  (*<�.

��  *��9]15  �20[.  � .�-X�� ����9 	,L =9

 ���*<�. �9 	!35a� � 	!�5�+9 ���^ :�9 M�!<5`


 	!�5�+9 �+
 /
�L *<�. ����!9 	!35a� � ���9 �.5 

 �3� *<�.20 *<�.� *� =�@�G �V� �. .	�� � ����

=�5�� 	
��  :!9 ��5  �76  =T!h.��*��9  �
� @� �9 =4

�� ���!9 	
�� ���� 	!�5�+9 *<�. .5� . 

��*L 3- �
�,� dN�
� b�c 

d5X8� b�c g�� 
�X<� �*+�. Y!-�7 .�5�  ��[��5� �.��   =9 RH 	]��

�*+]�u .�5�  

 �.�O��� *<�.

(%) 	!�5�+9 ��  

*<�.  �.�O���

(%) 	!35a� ��  
���!�  RH  =���  	!35a�  	!�5�+9  

CM  250 5/187  5/1862  -  -  75/0  -  -  

ZBC-1  5/237  5/187  5/1862  �O<  5/12  75/0  5  �O<  

ZBC-2 225 5/187  5/1862  �O< 25 75/0  10  �O<  

ZBC-3 5/212 5/187  5/1862  �O< 5/37 75/0  15  �O<  

ZBC-4 200 5/187  5/1862  �O< 50 75/0  20  �O<  

ZBC-5 5/237 5/187  5/1862  5/12 �O< 75/0  �O<  5  

ZBC-6 225 5/187  5/1862  25 �O< 75/0  �O<  10  

ZBC-7 5/212 5/187  5/1862  5/37 �O< 75/0  �O<  15  

ZBC-8 200 5/187  5/1862  50  �O<  75/0  �O<  20  

ZBC-9 5/237 5/187  5/1862  25/6 25/6 75/0  5/2  5/2  

ZBC-10 225  5/187  5/1862  5/12  5/12  75/0  5  5  

ZBC-11 5/212  5/187  5/1862  75/18  75/18  75/0  5/7  5/7  

ZBC-12 200  5/187  5/1862  25  25  75/0  10  10  

  

 :�) =��. 
� � =��. 	��. �/+� |3�`� ��*�9� �.

 ��!� tv� � �*� Z!4�7 RH �� ��89 ����� =9 (=��� �

 d5X8� =9 �*��� �h�9 RH �� ��89 ����� =9 ���!� ��

�� =@�S� ����!� =
[ Y!-�7 � RH RFL *+
H�@ �7 .5�

 .�!G g�6�� �95
 =9 �/+� |3�`� ��� �9]17[ . 

3 -  ! ��:��;��,1 <
�4�  
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�T� � ����9 =9 	��h :
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 RH RFL ����4 	���T� �����@ 	���T� �~�N��

=�5���!� �	!35a� � 	!�5�+9 ���^ ��� ��*� �+!9

=�5�� �/�8!�G ����9 � 	!35a� � 	!�5�+9 ���^ ���

�!PQ7 =��5��� =�5�� �3�/u �9 .�5� :
� �� �.�O��� 	8� ��

.�� ��*� .	�� �*� =�
�  

3 -1- =�>�� &���'(  

 Y-� �. ~�N�� �
���H i
���5- W3�  �*� =a���

=�5�� �. ~�N�� ���4 .	��  � 	!�5�+9 ���^ ���

) ���+4 =�5�� =9 	]�� 	!35a�CM 2!u54 �� ���� (

�� ��[��5� .�5� M��w �� 9 ���]�� |U� � �.59  .*��9

���5X9  � _�< |U� ����. 	!�5X
�5� 	�5� M��w �

x5@  �
� @� ZL5� Y!3. :!�� =9 	�� �.�
� �.�;3�

�� RH �9 s��7 RFL �
� @� Z]� ��� :!�� =4 .5�

�� �
���4 ���4 � RH ..5� 

 � 
� ��!�9 .�;9� � [�9 ��
� |U� ����. 	!�5�+9

��  =9 Y!� 	!�5�+9 �. .5L5� 	!�5X
�5� 	�5� � *��9

 RFL���4 �/
. =9 	]�� �
[�9 RH  ..��. s� ���

 	�5� �. =�
5!�4� .*� � �6^ �
� @� 	!X9�h :!+m��

���4 �� �-
 =4 	!�5X
�5�  �	�� 	!�5�+9 �X<� ���

���4 �/
. �� ���!9 �� s� ��� �� y:
��9�+9 *��9  ��57

=�5�� 	@�G =6!��  =9 RH 	]�� �9 	!�5�+9 ���^ ���

�� =9��� �*+]�u .�5� =�5CM *���. ����4 �
���4 �

]30[.  

3 -2- ���?� @�!���  

 Y-� �.5 - R ��  ����@ 	���T� i
��� ��57

 :!+�7  �28  ������ ���� i
��� ..�4 �*���� ��  *�.

 =4=�5�� �.  ���ZBC-1 �ZBC-9  �ZBC-10�  	���T�

����@ 7  =�5�� =9 	]�� ����CM )5/1 �7/1  �4/0 

*<�. ( �+4�� =4 �H Y!3. =9 .	�� =�@�
 �
� @�

 �5!���*!� �+4�� �� �7*+4 	!�5�+9 � 	!35a� ��[��5�

�� ���!� *��9 �.�O��� M�5< �. � ����4 �!P�7 �:�9 �.

 :� �. ����@ 	���T� �97  .��. ����]31  �32[.  =9

=�5�� ���!9 �. Y!3. :!�� ����@ 	���T� ��7  ����

 =�5�� =9 	]��CM  .	�� =�@�
 ���4  

    
(W3�)  (R)  

 Y-�5 -  i
��� (W3�)~�N�� �
���H  (R) � 	���T�����@  

 ����@ 	���T� �i
��� =9 =L57 �928  �� ��!� ����

=�5�� �H 	!35a� � 	!�5�+9 �� �.�O��� *<�. =4 �� ��

 �� ���415�� %) *��9ZBC-1 �ZBC-2 �ZBC-5 �

ZBC-6 �ZBC-9  �ZBC-10 =9 	]�� (CM )3 �1 �

7/1 �6/0 �5  �4 *<�. .	�� =�@�
 �
� @� (  

 �.=�5�� 	!�5�+9 ���^ ���  M�5< =9) 	!35a� �

 �9 (�
�,+7 =9 �
 Z!4�7 �� �!9 =9 �.�O��� *<�. �
� @�
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