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 5�6&�7 	���� ���$�8� 9� � ,:��� ;< ;=. �< ;� �"
(� �:�� �� >�8� �3 ��:(< ��� ;?�= �� @:
�A � ;�:B	��:(< ��B�<.�"  D%B�::E.

 ���&�3 ,:67� �F#< 	����%��� �� �%& 5�6&�7 �&� �� ���� ���G
�� � ,(&� H:I�,�� .�
$�&��< JK�8� ��<��� �G?
L� M&�"N �� ;?�= �� 

,6"N  .,�� ;
$�& 	��:(< O��� ���
P��� ,�� ���
P�� ,6"N �� 	��<��� ��:(< JK�8� �� �%& �
< �� &� >�Q �� ;$�7� ���� ���P	�� 

;�:B � @:
�A �� �
< �����. R��< �F#< �P�< �� �)S&�	�� �%:��%� � �%:��"&� �� �B. �:"T��� ,���U� �
< �� �<��< 5���� V:� ��:(< 

VW�� ,:��� ���� �.�6&�7 ;�:B � @:
�A ���� ;$�7� �< ;� �B�< .��� �U.�� �� �� ��.X:UI. �&� �� �Y� �"&V &�=  �< @:
�A��� 	�N� 

;��� "�	�� V&� � ,B�� �
<  �< ;�:B ��3 � �� 	�N�����:� �
<  ,I.	��� A�< ��� ;6K�Z� ���[ ;
$�) ,��. ��� ;� \:.�. �&� ;<; 	��

�"
<  	����< ;�:B � @:
�A ,�� ��B ;
P�� ��"&V &�= ]?
L� 	���N��^_� . �� 	���6. ;��� ��,I. �
$�) ���[ ���< �5��� �  	���6.

� &� �
$�) ���[ �� ^3 ,I. 	��� 600 ;=�� �
������)� ,���U� a&���� ��� 	���$ � ����(3 ����  .�"
$�) ���[ �
< ��
P��V&� ����<

@:
�A � ;�:B 	����  H�.<�� ����
%K� b%���%:� ��(SEM)  .,�� ��B c����d&�
� �&� X:UI. ���� ���  � @:
�A ���� ;$�7�< ;�:B ;

�� ���� ,���U� a&�V$� � 	���$ ,���U� a��� R��< �
<�B .�< ;(&�U� 9��� ;���	�� ��&�� 5���� � 5���� ��&� ����. ;�:
� 

,$�) ;� 5���� 600 ;=�� �
�������) ;<�Q H�
� ���� 33 �N�� �� ,���U� .,�� ;
��� 	���$ ;<�?� �Q �
<	�� ;
P��  �< ��B5 

 @:
�A �"&V &�= �N�� �10  �N�� ��3 ;�:B�� 	��� H:I�  �15 �N�� ��3 ;�:B �� 	��� A�<� ��%?��  	�
#<����� ����. �� �:"T�� 

.�< \��"� �
< � @:
�A �:< �)�"F(e ��
< ��
P��V&� ����<    

����	 
����: �
<-  ��3 ;�:B- @:
�A �.�6&�7- 	��� A�<- ,���U� ����(3  

 ��?� ;?��– ����S3 
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����B �c� � ,(:< ����1g�� �1402 
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1-�����   

���G
�� �� ;< �
$�&��< JK�8��� ��&� h�� �=� D:K����  �8� ��

 ;?�= �� �G?
L� M&�"N �� � ��< ,:��� VW�� ��:(< �7��

,6"N  O��� ���
P��	��:(< .,�� ;
$�&  ��� �&��� �� =,# 

;< �F#< 	���&�3 @�� ���"� .�g�� ���G
�� ���� �� 	��� ;� 

H:I� ,(&� �� ,I. ���$ ���[ ���� � M<�"� i�:�� �:�� �� 

g�EB� �"��P ���. �c�� \&�L. �:�� � H:I� ,(&� �� �� 

;�:
� j�P	����< k�
F(� �
�� ;< D[��� �������.  �� �,$�&��<

g�� �7�� @& D�� d&�� ,�� ��&� M<�"� ��� �:�� �� lG� 

�� �"�[1] . �� �%& �� &� ��� ;< 5�6&�7 �� ���� ���G
��

 .,�� ,$�&��< 97� �� h#� 	����%���	��� ;?�= �� ;� 

���� ���G
�� ,:?<�[ �� ����� � ;�:B @:
�A  ;� ,��< ;=. �

>�8� 9� � ^"= ;<��B ��:(< 5�6&�7	 ����� .��<��� B ;�:

� @:
�A �.�6&�7 �� ���
P�� ,6"N �����.  @& ��%���

 �.�6&�7 JK�8� �� ���� ���G
�� �� \��"� .�B�< �m�7�;$� 

���� ���P	�� ;�:B � @:
�A �.�6&�7 �� �
< R��< <�F# 

�P�< �� �)S&�	�� �%:��%� � �%:��"&� �� ���B � ::E. �� �

.,�� �Y� �� ��%?��  

 M&�"N �� ��<����3 ��:(< JK�8� �� �%& �
<,�� . n�P

� (%& �� �
< i?Z� �%&V:$ � �%:��%�  ,K#�K. �� �� �:

>�8��3 ;< �� �
< � &� 	� ���
P�� ,6"N �� JK�8� �&�.

 ,�� ���� D&�F.[2] . ����V$� �& � �&V &�= ��� �� ���G
�� 

��
< �� ]?
L� �� �::E. R��<  �"��� �
< n�P �P�<� ,���U

�� ���� � 	���$ .�B��= �� ,���U� �	���$ ,���U� �� 

�<��< a.� JK�8� ]?
L� ����
P�� 	��&��"� ��<��� �� �� 

�::6. ���"�. �
< kA�6� �� �<��< a.� c��U� �,�� ��&� 	���� 

,&��� �.���� h� � D<�[�:o p��
�� ,�� .�< �&� �g�� �� 

� 
P� �B�� �� a.� d�� �����< ;� �%& �� ��:T:3�&�. 

��&�3�� � j�� 	���� �G:67 �� ���"#� a.� ,�� [3, 4]. 

 �
< �
[��� q�6� a.� ���[ ����:)� R��< �:LF. i� ����� 

                                                                                                                                                                                                          
1. Alkali-Silica Reaction 

 ��B i� h�5A8I� ;.���:� ���:� � �:"T�� r�(F�� 

;��� "��� ����� ��:3 � �B a��� D<�[;=. ,���U�� �� 

,�� ���� � e��_%& � X&�� �.���� s� ����� [5]. ���V$� 

;�:B � @:
�A ;< �
< ;
FK� �< ;=. ;< ���U� � ������ ���� 

�����. ,���U� �� �<��< 5���� �
< �� �. 	���� a&�V$� ���.  

 ;�:B����;� ,�� 	� �����< ���. �� �P n�P ;%"&�  

� ��B ,$�&��< ���< ,�� �� ���G
�� ��� ���� ��:) ���[. 

��� �� �%&	�� ,$�&��< �;�:B ���G
�� ;< �
< �� �� ��  ��"�

,B�� �;���V&�.,�� ���:� �&V &�= � ;��� �< �&� �g�� �G
���� 

�� ;��� "�	�� ;�:B	� )	��� ���U� 	��&� ^:?:� �<hu� (�� 

�
< �<R� D%�� a"��� �&�:?[-(:?:�� )ASR(1 ���B ]6[. 

;<��?��Q D%�� �&� ����� �� �
< s� ����� ;� ^:?:� 

;��� "� a"����&23 �& �. 	�� a"����&23� �< g?I� 2G"� 

�&�:?[ a"��� ���� ��� [7]. 5�6K�Z� ���� ����� �)� ;�:B 

;< ������ �$�� V&� �B �����. �� r?L�	�� �"
< ;< ��� �� 

;�)�� ���� � �� ��� 9[� a"��� �&�:?[-�(:?:� ��� 

���G
�� ���[ ��:) [8]. ������ �< ;�:B ��3 �� �� �
�� 75  ���%:�

�� �� �. ��� ���G
�� �
< �� ���:� �&V &�= ��"� ;< ��.

�&�:?[ a"���- 	�:)?= �(:?:��B [9] .��  @&X:UI.� 

,���U� 	���$ �
< 	��� ��3 ;�:B �
$�&��< �< N��	��� 0� 

10�15 �20 � 25 �� �:"� ]?
L� 7� 28� 56� 90� 180 � 365 

��� ��� a&���� ���[ ,$�) .�< a&�V$� �N�� �;�:B  ��:��: 

,���U� 	���$ 	�
�� ,F(� ;< �
< ���B )0% ;�:B (�� �:"� 

7� 14� 28 � 56 ���� ,��< ��� .�K� �< ,$��:3 �
�:< �a"�� 

�� �� 90 ���� �
<	�� 	��� 10� 15 � 20 �N�� �;�:B 

�: ��:� ,���U� 	���$ �
�:< �� �
< ���B �� ���&� ����� � 

�"&V &�= ;�:B 10 �N��� �&�.A�< ���U� �� �� ��:� ���� 

,B�� [10] .;6K�Z� ��� &� 	� ��3 ;�:B �< ������ 1 �. 100 

���%:� �< 	���N�� �"&V &�= 5 �10 �15 �20 ;< 5�N ���� 

�&V &�= ���:� �B .XFQ a&����	�� ��B c����� ������ �B 
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;� �� ;���	�� �"&V &�= 15 �N�� ��3 ;�:B� ,���U� 

	���$ ;< �m���� �P ��:��  ,��[11]. �� U:UI.� &� � �:B; 

�
$�&��< �< ,G� ,F(� ���� ]?
L� 0%� 5%� 10%� 15%� 20%� 

25% � 30% � �&V &�= ���:� ��B ,�� .,���U� 	���$ �
< 

	��� ;�:B ��
$�&��< �< a&�V$� ���U� ;�:B �
$�&��< �� 25% � 

30% �"&V &�= �;�:B a��� ���<�& .� &� aL< �� ��� ;���

	�� �
< �"&V &�= ;�:B �< ����:� ;< 5�� @& ,��� �� 

q�6� ;=�� 5����	�� 100� 200� 300� 400� 500� 600� 

700 � 800  ;=�� �
������) ���[ ;
$�)��� .;����� ,���U� 

�<P �� �<��< ;=�� 5����	�� A�< �� �P ���� ������� [12].    

@:
�A	�� �.�6&�7 ��� ;?�= �� V:�;� �"

(� 	  

��:P{	��� h�� ��&� ���� 	���� 5��Y� ;6=�$	V:�� ,�� ;� 

�� 5�N c�� �<�&��< �& ;&V�. \��"�� R��< ���&� ��� ��

	�� �
B��#< � ,(&� �Z:I� ���B [13]. �&�"e 1�� 	��< 

���G
�� ���� �& ,$�&��< @:
�A �&�. ��#"�:3 ��B ��,� �� 

;?�= ���G
�� �� a��� �,K�G�� ,P� 	��< ���	�� ����:� 

��� ;:K�� 	��< �:K. �<�� ��:� � ,P�� ��LN	�� ��"8� 

�� H:I�	�� �&�&�� .�< �&� �g�� �P�< �� �&� 5���#"�:3 �� 

�u� 	��8
[� �& ,(&� �Z:I� ���U� ;< ;$�N �"
(:� [14]. 

@:
�A	�� ��� ���G
�� �� ,6"N ���P �� 70 �. 80 �N�� 

@:
�A �V:��%K� ��:(< c����< ;
P�� ��B��� ;� �����. ���� 

�� ;<�
��� ,$�&��< ��� [15] .�%& �� ���	�� ;F?o �< D%�� 

�@:
�A 5�6&�7 ���G
�� �� ���� �� ,P���&�	�� ���"#� 

�����  ,��[16, 17]. ��B c���� 5�6K�Z� XFQ �
[� @:
�A 

;< r?L� �
< ;$�7� ����B ,��< ����� @& r?L� 

,P�"%& ��B� ,�� .�&� D%�� �B�� �� 5��G. ���� �:< 

n�P ���� @:
�A � ;��� "�	�� �"
< ,�� [18]. �m�� 

��UUI� �:&|. ������� ;� �< a&�V$� ��$ �%:
�A �� r?L� <��"
 

a��� ,���U� 	���$ � a&�V$� D%B	�&23 �=� ���� [16]. 

,���U� 	���$ @:
�A 	��� �
< �� }Z� 	A�< V &�=�"& 

                                                                                                                                                                                                          
1 .Interfacial Transition Zone 

@:
�A );< ��"� g�m� 100٪ �"&V &�= ;��� (�. 90٪ a��� 

���<�& [19]. ,���U� 	���$ �:&�3 @:
�A 	��� �
< �� ��

��. ;< ,F(� ���3 �F&�U. 	A�< 5��{ @:
�A )���� 5/0(� 

DL?L. ��&� r?L� � ]67 �)�"F(e ���:� � @:
�A � �

;:��� g�U
�� �IZ� )ITZ1 (,F(� ��� ]21,20[. D��� 	� &� 

;� ,���U� @:
�A 	��� �
< �� a��� ���"�� D��B 

�)�B��=� �
L� �?� �
�� r?L� � 1�� � ,P�� 	��

D��	��� ��B�<"� [22]. ;&V�. � D:?I. ��
P��V&� 	��� �
< 

�@:
�A DL?L. 	�.A�< �� �� ^&�.�� aL< g�U
�� Z��I 

�:�P � ���:� @:
�A �� ;(&�U� �< �
< �K�6� ���� ����� 

[23,24] .�� @& a��S3� �� ���P @:
�A �.�6&�7 �< m����� 

������ 6 �?:��
� �< ��V:� �"&V &�= 5� 10 � 15 �N�� ���� 

�B 	�L� ���G
�� ��B ,�� .�< f��� d&�
�� �� ;�� �N���� 

���B a��� ,���U� �	���$ �K� e � g��� ;
:(:
�A� <h&� 

� ,���U� ���P �
< �< 5 �N�� @:
�A ,F(� ;< ;��� �B��� 

�F#< ��:3 ���� ,�� [25].   

97� �� &� ,���U� �� �<��< 5���� JK�8� ����B�< 

;� �%& �� �)S&��&�� ,�� ;� �� 9� ��<��� �� �Y� ,�� .

5���� A�< �����. R��< �::E. ��
P��V&� ��� � �� :
�;� �::E. 

,:��� �?� �� �B .a.� q�6� �� ���� �
$�) ���[ � 	��

�� 5���� �� 	�V=� ��%?�� a��� R��< ���.�B .���� 

5�G?.  �;KVK�r<�� ;< 1V&���$ ���
P��,���  �&� ���5�G?. 

D��B 5�G?. �B�� �� 5�[�G.� ^3 �� ;KVK� �"��� a.��� V:� 	

,�� [26] . \:.�. �&�<���� c��U� ���
P�� ���� 	�V=� & � �

�� ��:(< �5���� �<��< �� �� ��"�� D:%�. JK�8��� ���. 

 1V&���$ �� 	�:)?=���
P��  c� "����[	�:) ���� �� 

q�6� 5����  .�B�< �Y� A�<X:UI. @& ��� ��%?�� � 

5��::E. n�P �%:��%� �
<	�� 	��� ���P @:
�A �< s�� 

�"&V &�= 0� 5� 10� 15 � 20 �N�� �< ;���V&� �6:FQ ,I. .�:Y� 

;=�� 5���� 	�� 27� 200� 400� 600 � 800 �
������)  ���

 [
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����< ,$�) ���[ .������ �B ;� ,���U� �	���$ g��� 

�;
:(:
�A� ,I. �:Y�. a&�V$� 5���� � a&�V$� N��� ���P 

@:
�A �� ��
< ;< ��V:� 	��&� a��� ���"<�& [27].   

h� �"&V &�= �Y� X:UI. �&� �� ���� ��3
�A � ;�:B @:

 ;
$�) ���[ ;6K�Z� ��� A�< 	��� � �K�6� 	��� �� �
< ��

 .,��	���:E
� �&� X:UI. �".��F� �� :������  &�= @:
�A ��&V

��&V &�= @:
�A �N�� �"&V &�= �N�� =�� � ;�:B ��3 ;

;��� ;� �.������ ���[ �� q�6� �� �"
< 	��.���:) . �< ;=

 ��?F[ 5�6K�Z� ;<������ @:
�A ��� ���G
�� �� �
< � �&� �

X:UI. �� �� ��� 1 �. 3 �?:��
� � 5 �. 10 �?:��
� ,�� ;�  ��

r�
P� }�Q	�� ;��)��= ;<\:.�. �&V &�= ;���V&� � 

,B��;��� �< ���U� �"&V &�= 0� 5 � 10 �N�� ,�� ��B .������ 

;�:B ���G
�� ��B ��
< �� �m���� 75 ���%:� �< ���U� 

�"&V &�= 0� 10� 15 � 20 �N�� ,�� ;� �&V &�= ���:�  ��B

,�� . �:"T��	���6. ;��� �� ,I. �
$�) ���[ ���< �"
< 	��

5���� ,I. �
$�) ���[ �< � &� ���6. � 5���� 600 ;=�� 

�
������) H�. ��� �%&�
%K� ��� � 	���$ a&���� ��� �

����(3  ���[�"
$�).  

2- ������ ���������   

1-2 !"�#� $�#%��  

a&���� �&� �� ���G
�� ��� ���:�� ���:� �"?.�3 9� 2 �& ���� 

��B }�N� �"?.�3 ���:� ;� ,�� �� ;��P��� ���:� �����B 

 ��B ;:#.� XFQ ������
�� �?� ���&� ����B 389 [28] �:K. ��

�B.  �&�n8L� ��� 	���� ���:�3cm/g 51/3  JZ� � 

 �S&� (�:?<)/g2cm 3150  ���.� r�(F�� �046/0 ,��  c��. �

	����:� a:3 �:&�;��� C150 ASTM [29] �� �:��. ���&��� 

[30]. 5�8L�� �&�:�:B ���:� ~:. 2 �����B  ��g��= )1( 

.,�� ����   

  

 

<�&  1.  ~:. ���:� �&�:�:B 5�8L��2 �����B  

Test 
Method  

ISIRI 
389  

Factory 
standard  

Result(%)  Component  

1692  

Min 20  Min20.5  21.11  SiO2  

Max 6  Max 5  4.48 Al2O3  

Max 6  Max 5  3.91  Fe2O3  

-  -  63.36  CaO  

Max 5  Max 2.5  1.48  MgO  

Max 3  Max 2.9  2.58  SO3  

1695  
-  -  0.43  Na2O  

-  -  0.48  K2O  

1692  

Max 3  Max 2.9  2.25  L.O.I  

Max 0.75  Max 0.7  0.45  IR  

-  -  1.50  F.CaO  

-  -  52.8  C3S  

-  -  21.0  C2S  

-  -  5.3  C3A≤8  

Table 1. Chemical characteristics of Shahroud Type 2 cement 

@:
�A��� �� �u� ��� D:%�. ��"�� < ;�S&� ;< D:K� ���U� 

@:
�A �6:FQ � ��"8� �� �� �=���� 5��G
� �"
(� [33]. 

���P @:
�A	�� ��� ���G
�� �� �&� �X:UI. �� i�:�� 

�%:��%�  @:
�A�.�6&�7 	���&�.  �:���<,�� ������� ;� 

���< �:�;�) �"&A��) �& }�N�� �� @& ;��P��� ,$�&��<  M[��

r�<� �#B ��h&�� ;:#. ��B ,������ .;�)  D%B �� ;�)1( 

���B ���� ����  �&����P @:
�A�� ��� �� 	����  ]?
L� ������

�<��. ��� 3-1 �?:� �
� �10-5 �?:��
�  �<��� n8L� 05/1 

�
��� �< c�) \6%� �
�;� ;<��"� �&V &�= ��L< �� ;���V&� 

� ,B��;��� ��� ���G
�� ���[ ,$�). i2= i� �� �� ��� 

������ ���P @:
�A� V:e�� ,�� ��B ;
$�) �u� ��.   

1�� 1. @:
�A ���P�
< �� ���G
�� ��� 	�� 

  
Fig. 1. Rubber crumbs used in concrete 
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a&���� ��� n8L� � i2= i� V&� JK�8�;��� 

);���(  �,B��;��� )�B (;< X:UI. �&� �� ���G
�� ��� �. \:.

XFQ �:&�;���	�� ASTM C128  [31]  �ASTM C127 [32] 

c���� ��B ,��. ��� n8L�  ;��� @�P JZ� �< 9�FB�

56/2 c�) �< �
����
� \6%�  �� i� i2= �83/2%  ,��<

.,�� ���� ��� n8L� 9�FB� �< JZ� @�P �B �����< � 

	�L� ;< \:.�.58/2  �57/2 �
��� �< c�)\6%� �
�  �

�� i� i2= �:"T��;< V:� �� \:.�.56/1%  �83/1%  ,��<

.,�� ���� �"I"� ;���	�"<  D%B �� �
< �� �$�8� �B � ;���

)2( .,�� ��B ;W���  

1�� 2. �"I"� ;���	�"< ;��� � �B �$�8� �� �
<  

  
Fig. 2. Granulation curve of sand and gravel used in concrete 

a��S3 �&� �� �� ��3 ;�:B 
$�&��<�� � ;�:B 	��

 ����
P�����G
��  ,�� ��B;� �8K�P�� 	���� � &� 9��� � 

;�:B ��:o � ~�A �	�Z< ;�:B �"��� ��,(:� �&� .��3 B;�: 

�� ;��P��� ,$�&��< D?� ;�:B ;��� �:F��) M[�� �� GN���# 

;:#. ��B ,�� � 	���� �m���� ������ 75  �� 	�F�) ���%:�

 ���� @K�200(� ��� n8L� 94/2 c�) �< �
����
�\6%� � 

 �S&� JZ�2618 �
����
�M<�� �< c�) ���B�<.  ;�:B ��3;< 

��"� �&V &�= ��L< �� ���:� ��� ���G
�� ���[ 
$�); .,��     

1�� 3. ��3 ���:� �&V &�= ���G
�� ��� ;�:B  

  
Fig. 3. Glass powder used to replace cement 

D�� � �
< ,P�� �� ���G
�� ��� i�;��� 	��� i� ���

;KK�� ���#. �#B ���:��B� ���.�B�<  

2-2 &�'��� ()*+�  

�K�6� �
< r�
P� }�Q @& ��
<� �< ���U� ,F(� i� <; ���:� 

41/0 � ���U� ���:� 425 c�)?:� �� \6%��
�� ;<  �
< ��"�

 M=��XFQ ������
�� ACI-211.1-91 [34]  ^_� .�B ����Q

@:
�A � ;�:B �.�6&�7 XFQ 12  	���N�� �< � }�Q]?
L� 

 ���� 5�N ;< .���B �&V &�= M=�� �
< �� h� �<   

;< �&� 5�N ;� �� 3 }�Q �r�
P� @:
�A �< ������ 1 �. 

3 �?:��
� �< ,F(� ,<�Y 5% �&V &�= ;���V&� � ��3 ;�:B �< 

,F(�	�� 10%� 15% � 20% �&V &�= ���:� �B .�� 3 }�Q 

�r�
P� @:
�A �< ������ 1 �. 3 �?:��
� �< ,F(� ,<�Y 10% 

�&V &�= ;���V&� � ��3 ;�:B �< ,F(�	�� 10%� 15% � 20% 

�&V &�= ���:� �B.  

�� 3 }�Q r�
P� �� &� @:
�A �< ������ 5 �. 10 �?:��
� 

�< ,F(� ,<�Y 5% �&V &�= ,B��;��� � ��3 ;�:B �.�6&�7 <� 
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,F(�	�� 10%� 15% � 20% �&V &�= ���:� �B. �� 3 }�Q 

r�
P� �� &� @:
�A �< ������ 5 �. 10 �?:��
� �< ,F(� ,<�Y 

10% �&V &�= ,B��;��� � ��3 ;�:B �.�6&�7 �< ,F(�	�� 

10%� 15% � 20% �&V &�= ���:� �B      .  

1�� "&V &�=�  �&�,�� �Q  �� ��
<� ;� ;��� "� }�Q

 M=��);���V&� �& ,B��;���( ;<  ���U�) �u� ��� ����5% �& 

10% ( � ��B �(����U� ;< ��� ����  @:
�A) ������ �<1-3 

�?:��
� �& 5-10 �?:��
�(  .,�� ��B ;$�7� �� c��� �� ��

}�Q ;�:B ��3 �A�< 	��V:� �&V &�= &� ;< .,�� ��B ���:� �

 M=�� }�Q ���:� �� ;� 5�N���U� 10% �& 15% �& 20%  ����

 .,�� ��B ;$�7� ;�:B ��3 ���U� ���� ;< � ��B �(� ��   

	��2 ��� }�Q	�� r�
P�  �&� ;<5�N  ;� ,��R �D  �

C ;<>�6� \:.�. ;���V&� @:
�A )1-3 �?:�(�
� �@:
�A 

,B��;��� )5-10 �?:�(�
�  �;�:B ��3  �� �� �6< ��� � ,��

;< JK�8� �&� �� ���G
�� �N�� � ��:< .,�� �&V &�= ��"�  

<	�� ;����  }�QR5C10 � ��&��� ���U� 5%  @:
�A1  �.3 

�?:��
� �&V &�= ;���V&� �
<  �10% ;�:B ��3  �&V &�=

 M=�� }�Q �� ���:����B�<  }�Q �& �D5C10 � ��&��� ���U� 

5% @:
�A 5  �.10 �?:��
� �&V &�= ,B��;��� �
<  �10% 

;�:B ��3  �&V &�= M=�� }�Q �� ���:��� .�B�<g��= �� 

)2(  5�:WV=}�Q	�� .,�� ��B ��:< r�
P� 

 <�& 2 .}�Q 5�:WV=�
P� 	�� X:UI. �� ���G
�� ��� r  

Design 
Symbol  

Percent 
of 

Rubber 
replaced  

Size of 
Rubber 
replaced 

(mm)  

Type of 
replaced  

Percent 
of Glass 
replaced  

Size of 
Glass 

replaced 
(Microns)  

 

Sand 
Gravel 

3/8"  
Gravel 

3/4"  
 

Cement  
Glass 

Powder  rubber  Water  
W/C  

)3(Kg/m  

R0C0  
(Reference 
concrete) 

0  0  -  0  0  958 253 509 425 0  0 175  0.41  

R5C10  5  1-3  Fine  10  75  910 253 509 382.5 42.5 19.5 175 0.41 

R5C15  5 1-3 Fine 15  75 910 253 509 361.5 64 19.5 175 0.41 

R5C20  5 1-3 Fine 20  75 910 253 509 340 85 19.5 175 0.41 

R10C10  10  1-3 Fine 10  75 862 253 509 382.5 42.5 39 175 0.41 

R10C15  10  1-3 Fine 15  75 862 253 509 361.5 64 39 175 0.41 

R10C20  10  1-3 Fine 20  75 862 253 509 340 85 39 175 0.41 

D5C10 5  5-10  Coarse  10  75 958 240 484 382.5 42.5 15.5 175 0.41 

D5C15 5 5-10 Coarse 15  75 958 240 484 361.5 64 15.5 175 0.41 

D5C20 5 5-10 Coarse 20  75 958 240 484 340 85 15.5 175 0.41 

D10C10 10  5-10 Coarse 10  75 958 228 458 382.5 42.5 31 175 0.41 

D10C15 10  5-10 Coarse 15  75 958 228 458 361.5 64 31 175 0.41 

D10C20 10  5-10 Coarse 20  75 958 228 458 340 85 31 175 0.41 

Table 2. Details of the mixing designs used in the research

3-2 -"�. /0*� 0*+�1234 � ������53� �6����   

 �
P��� \K�[ 	�:);���;6K�Z� ��� �"
< 	��  XFQ

������
��	�� ASTM C192 [35] � ASTM C172 [36]  c����

.,�� ��B  ��\K�[�F6%� 	�� �<  ������15×15×15 �
����
� 

	��< 	���$ ,���U� a&���� � �� \K�[	�� ;��
��	� �< ������ 

�Z[ 15  9�G.�� �30 �
��� �
�	��< a&���� ,���U� ���� 
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,�� ��B ���G
��. D��	��� ;����� V:� XFQ ������
�� ASTM 

C511 [37] ;< 5�� 28 ���  .,�� ��B c����;��� ;� �&���&�< 

 5�� ;< ����: < ���[ A�< 5���� ,I.24 �� ,���  �� ���

 ���� 	���105 �
��� ;=��.���B @�P ���)  

1�� 4. �
P�� D���� ��
< \K�[	�:) � D��	��� ;�����  

  
Fig. 4. Manufacturing, sampling, and curing processes of 
specimens 

4-2 6��8$ ��53� 
9�9�65	 69 ��  

 @�P �� ^3���� ;�����  ��������6. �	  ������ 	��< 

5�������� �%&�
%K� ��� �� .���B ���� ���[ 5���� ���

;��� ��� �� �� ���#. ��:� �� ���S3,�� ��B c����.  ��V:�

s�� a&���) ��� �%&�
%K� �< ,��� ���� 3 ;=�� �
���

���) �� ;U:[� �< 	��� >�� 600 ;=�� �
������) h:u". �B .

	��� >�� ;< 5�� @& ,��� lG� �B �. �� g�U
�� ���) ;< 

�Q ,P�"%& ��":�Q� DN�� �B .^3 �� ��� ���� 1��P 

�.���� jB ���&� �� 	�:)?= 	��<� ;����� �� ���  5�� ;<

24 ,��� ������ �[�< �� 	��� �.�<�& a��� d&��
< ��. ^_� 

;�����  ���� O��P ��� ���� � ;< �Q �6:FQ ;< 5�� 24 

,��� �� 	��� p�.� ���� ���[ ���B. a&���� ^_� ��� 	��

�� 	�� �u�.�B c���� ��  	�:)?= 	��< ;� ,�� ��{ ;< c�A

;��� ��:��. ���&�< ��
� ��� �� �� ���� ��  D[���;< 5��24 

 �& � ���� ���[ ��� �� ,�����B @�P 	� &� 1�� �< �. 

�?P�� ,<Q� ���� ;:N. .���< �:< �� �� �B� s�� �B

 .�B�< �:&�3 ��:(< ��� �.���� �B ;=.;��� 	��<� ;� �&�

;< �� ���� ���[ ��� �� @�P JZ� �< 9�FB� 5�N��B� 

 ��
� �&�< �.��:#�.	��< �� 	�:)?= ;��� ��:��.�� ��  	�����

  .�B c���� A�<  

3- :�������  

a&������ D��B ���� ,���U� � 	���$ ,���U� �~���� < �

	�� ;�����&�� 5���� 	�� 5���� � ��&� 	��� �< 600  ;=��

�
��� ���)�"
(� �
< 5�U:UI. V��� �� ;� c���� ��B �.,�  

 1-3 ;�)1� :�����  

 ������
�� f��� �< a&���� �&�ASTM C143 [38] ����B c��  

d&�
� .,�� ~���� a&���� �
< M=�� � �
< 	��� ;�:B � 

@:
�A  >��I�� �<2± �?:�g��= �� �
� )3(  XFQ .,�� ����

D%B ����� )5( }�Q ;�� �� �
< ;< @:
�A � ;�:B ���V$� �� 

~���� a��� R��< .,�� ��B M=�� �
< ;< ,F(�   

����;�)  ;�}�Q �,���:3 d&�
� �� R5C10 	���� ;� 

 ������ �&�
%e�@:
�A �N�� �&�
�� � "&V &�=� A@:
� 

 ���� �� M=�� }�Q ;< ,F(� ,�� ;�:B �40  a��� �N��

 ~���� .����~���� }�Q D10C20  ������ �&�
)�V< 	���� ;�

@:
�A �N�� �&�
�:< � "&V &�=� @:
�A �:B � V:� ,�� ;

 ���� �� M=�� }�Q ;< ,F(�65  a��� �N��~����  .����

 ���:� �&V &�= ;�:B ��3 �N�� ���U� ;e �� \:.�. �&� ;<

 �&� � ,�� ;
$�& a��� �
< ~���� ���B �
�:< }�Q ��

�� ��&� i� i2= � ;�:B ��3 ��6<� ��< V&� ,?� ;< ���.

�� @:
�A ��6<� ��Ue �� �:"T�� .�B�< �
< r?L� �� ��

�� a��� �
< ~���� ���B �
)�V< �&V &�=;< .,�� ;
B �Q

 �"&V &�= �?�@:
�A ;< R��< �
< r?L� �� ;��� "� 	�=

 ~���� a���,�� ��B.  

 <�& 3. d&�
� a&���� ~���� }�Q ���. �
<r�
P� 	��  
Design 

NO.  
0 1  2  3  4  5  6  7  8  9  10  11  12  

Design 

symbol  
R0C0  R5C10  R5C15  R5C20  R10C10  R10C15  R10C20  D5C10  D5C15  D5C20  D10C10  D10C15  D10C20  

Slump 

(cm)  
7.5  4.5  3.5  3  4  3  3  3.5  3  2.5  3  2.5  2  

Table 3. Results of slump fresh concrete mixing designs
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 1��5. 5��::E. a&���� }�Q ~���� 	��M=�� �
< ;< ,F(� r�
P�  

  
Fig. 5. slump test variations of mixing designs relative to 
reference concrete 

2-3 :����� <����� �6��=  

�&� a&���� ;<��� ������
�� BS-1881 [39] c���� ��B ,��. 

 X:UI. �&� ��13  ,���U� ;� ���� �=� r�
P� }�Q	���$ 

 �
$�) �u� �� �< � ��B ;
P�� ;��� ;� �: ��:� �� }�Q ��

������
�� ��:6� >��I��� .,�� ���� ,��< ;<�?� �Q �� ��	 

;��� �F6%� ��B ;
P�� �� �� 	�� @& ;� ,�� �� ���[ ���<

� 5���� ,I. �
$�) � &� 	��  �� �6<���[ �
$�) ,I. 

 5������� a&���� ,���U� 	���$ ;:K�� �  ���[ ����(3

.�"
$�)   

1-2-3 <����� :����� >��*� �6��= ��53� ���

$6��8 �����  

d&�
� �� ������� }�Q D5C10 	���� �&�
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Fig 6. Compressive strength changes of heated and unheated 
cubic specimens 
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Fig. 7. Process and tools for tensile testing 
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Fig. 8. Tensile strength test results of heated and unheated 
cylindrical specimens 
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Fig. 9. Glass grain in concrete  
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Fig. 10. SEM images of microstructure A) Ordinary concrete B) Concrete containing fine rubber and glass powder C) Concrete 
containing coarse rubber and glass powder 
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Abstract 

With the advancement of technology in the world, industrial waste has become one of the most important 
environmental challenges. Deformation and reuse of these wastes is one of the ways to improve the sustainable 
state of the environment. Glass and rubber are among the most widely used materials in the world, which due 
to their nature have a lot of wastes. Waste tires cause a lot of environmental pollution due to their non-
degradable materials. The use of waste glass and rubber in the construction industry can be a good solution in 
reusing waste materials. Concrete, on the other hand, is one of the most widely used materials in the 
construction industry, and the addition of rubber and glass crumb to concrete can improve some of its 
mechanical and dynamic properties. Of course, heat resistance of materials is one of the features that is 
effective in the type of application. Adding waste rubber and glass to concrete, of course, depending on their 
amount and size can increase the heat resistance of concrete to some extent.  

In this research, the effect of replacing small and large aggregates with rubber and also glass powder with 
cement in concrete at ambient temperature and high temperature has been studied. The size of rubber used in 
concrete in two categories is 1 to 3 mm and 5 to 10 mm, which are replaced by fine-grained and coarse-grained, 
respectively, with replacement values of 0, 5 and 10%. The size of the glass used is smaller than 75 microns 
and it can be replaced with cement with 0, 10, 15 and 20% replacement values. Shredded truck tires and 
powdered construction glass were used. In this study, cubic specimens were made into 15 x 15 x 15 cm 
specimens and cylindrical specimens with a diameter of 15 cm and a height of 30 cm were made according to 
the standards and processed for 28 days in optimal conditions. After processing, the number of cubic and 
cylindrical specimens was subjected to compressive and tensile tests. A number of other samples were placed 
in an electric furnace and heated to 600 ° C as standard. After removing the samples from the furnace, they 
were naturally placed at room temperature for 24 hours and then they were tested for the Residual compressive 

and tensile strength. The microstructure of concrete containing glass and rubber was examined by scanning 
electron microscope (SEM). The results of this study showed that adding rubber and glass to concrete causes 
a decreases compressive strength and increases tensile strength. The D10C10 design, which has the highest 
compressive strength, has a resistance reduction of about 12% compared to the reference design. The highest 
tensile strength of heated samples is related to D5C15 design, which is about 43% higher than the heated 
reference design. By comparing the sum of heated and unheated samples, it can be seen that heat at 600 ° C 

has reduced the compressive strength by an average of about 33%. In general, concretes made with 5% 
replacement of rubber and 10% glass powder at ambient temperature and 15% glass powder at high 
temperature showed better performance. Also, in the study of concrete microstructure, adhesion between 
rubber and concrete was appropriate. 
Keywords: Concrete - Glass powder - Waste Rubber - High Temperature - Residual Strength 
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