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!.���8 <  2�O&  500/2 19/1 

#�$5� <  2�O&  570/2 95/2 

� �� 2��. !
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L�� 2��. !
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	�=�� D���$ )	=�� 0���� !��� &��1	�	'� !2	(�� 

 
74/20 94 29/75 91/34 

 
90/4 1 03/17 36/13 

 
50/3 1/0 57/0 57/0 

 
20/1 1 34/1 57/37 

 
95/62 6/0 7/0 2/5 

 
00/3 2/1 - 46/3 

 
56/1 3/0 26/02 1/1 

 
74/0 37/0 84/0 1/1 

 ��	9� 3150 2200 2500 2700 
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&. 2�$.3K
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2�$%� �S���$. <� ��?%� 2Er$= 3� �) 9�. 28 � ��  |��( #��K24 ��� #�.� �8 2��5.�B �� �110 !���� 2-�� \; .��$  b�( q:.�" �� 2�0�B ���o ���B

) ��  <�3$� 2��5.�B 3� ���" |��( 3�A27$N 4K ���� 	���  b�( G'H. #�$) �� q:.�" 2" !��. 3� \; � ( 3� \; � ���  ��24  � ��  |��( 4K 3� ����

&'( E�F� 
)	=�� 

� ��2� 

�,��G6� H�, 
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2��I 

J8; K�� 
�9�� C�	7� :; .�L, 

� 3(�,	=�� ��� 

!���",��2 ��6 

kg/m³ lit/m³ 

S N 380 0 0 0 0 100 13/1714  45/0  66/2  

S F 6/349  
\'�'���&'. 

)%8(  
04/30  0 0 100 13/1703  45/0  85/3  

M k 304 
<D$I�"��. 

)20% (  
0 76 0 100 6/1697  45/0  74/2  

S L 190 (50% )���8�� 0 0 190 100 65/1687  45/0  28/2  

MK+SF 96/732  20+8  04/30  76 0 100 63/1686  45/0  11/4  

SL + SF 96/159  50+8  04/30  0 190 100 67/1676  45/0  40/2  
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�K T`� <�3$� � ��  b�( 	L'%� 2]��; G�$� �)) ��� B(. 2�$%� \�� 9�. 28 �)5 \; � 2�0�B ���o @ $- *�= �� 4K �� �����K T`� ���8�� �K3� �)

) ���  <�3$� � ��  b�( 	L'%� 2]��; G�$�C27$N �3� 2�=�. <��(K �� .(2�$%� #���3���� �)) ��� ��  #�'BD G8��� 6C7 \�� .(1 �2  !%�= 4K 4P-

2�$%� ?5�5� ���  2C��H. �) ���. 

 3M(�2)1( 
 

 3M(�2)2( 
 

 

��� ��3 k�  28 ��.���; �) G8��� <�� �� 2":  A2��5.�B �� ��  b�( 2�$%� �3� 	 B 	b�( T`� �8 w�C � 2�$%� �3�C � �3� b�( T`� �8 w�C � 2�$%

Z$- 3� \; �D 27$N 2�$%� �3�4K �� ��  ��. 

4-3-�$���$D
 �M�# F�#�(� G����B 

� ���< �.3K�@ )��%��  K�.3�@ 
�''< .�X.� #���0 �) 2�$.3K 3�# C
&.! 100 .'�! .� ��8 ��  ��%)�G ��K ?%�#   ���F����) 2�$.3K ���
� .�#  ��  2�(��

 ��K <���.3�@ ��8#  �)$�5.l  )�. 28 2-$� �8'� N'.�4�5  �K ��$83 " �$8 ���2 �� ��'< 7 	28	90 �180K 3� �) 2�$.3K	3�� 3� \; � |��( 4 @��.3K +����

.���  2�����B�8 4K 28 ����. 

��8# 
�''< ��&D� �.��X.�&! �$.3K 2�)# �)��������� �� ��  2�(��# �%
D��$��� Y��5.! ��(! � 3� .����� �$-��< ��8 ��# +���� ��< �.3K�@ ���� 3�?  �

 Z��!��( �  ���F���. 


� �$H�''< ��&D� �.��X.�&! � 28 2�$.3K �)�< ���', $8�� �8 2" �# �&! O. 9�HF� 3�! ���X.# %('� �'��% � �
-���� U�����o�8 � *�# �- ,���.��� 

8'<  !��8 2�$.3K ���! . 9�HF� �!O �  2� �PB 	�
� ����  �) *�U�� �8�b � 3�'� �)#  ������8 2!&�  3�9�HF� .��X. ���X.��&D� ��&! ���[ ��  ���� � �C

� .  ?&  ��2  9�HF� � 2�$.3K!O.  #�'B �3���� �$H� ���&D� �.��X.�&! .��� ��  ���� ���� !��8 #�) 2�$.3K 

 ��8# 
�''< � �.��X.��M ��&D��&!	 ��&D� �.��X.�&! B �3����'�#  ��  2`8�� 6C73  4�r /�%� T`� ��2���0 �� *$7 �8 � .�  �'OX� !O. 2HF� �� <'8 

 

 3M(�2)3( 
 

ρ   �8��8 !&���&D� �M�� �.��X.]Ω.m[ �R   �8��8 ��  #�'B �3���� !&���&D� �.��X.]Ω[	 A �8 /�%� �� 2�$.3K A`X. T`�  �'%(]٢m[ �L  2�$.3K w�F���

 !O. 2HF� �� <'8 2���0 �8[m]  .� �8 !. 

 

 
 P"� 2 �"
�'�� .��	/� ���Q !���,� 2��� �2��R�( �9,�9� 
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5-3-B�N-�	 O
+�� ���P* G���  O-����7� ��� &� 

 �� Z���1 ��8# 
�''<  �������" �$�� � �8 <�8 ��'	��% � +����'����'�$ � �8'9���  ��������� 6C7 2" ��� ��X�ASTM C١١۴ ]13[� �AASHTO 

T٢۶٩  [14] . +����! �$ . 

��  ���������ASTM ��" ?" ���X.�� � �� �$-$.'��% �.3K �8�@ �'����'�$ � �8'9��� B �3���� ��X�'�# .! � 	�$ �< 8 Z����# �5� <�8  �� 	�"'�&�  �

�E%)'< �'��% � +�( �����;'L � �� .��� ���F��� ?8�o�< �.3K�@ )'� "��', ���"� ����# �C��� @�"�� �� �)# �.3K�@ � ?(������� �"�2�:( �$`8 .7 	! ��< 

�.3K�@ 10  ?(�� �S� ��$. ��$; 3� +�B75 .'�! D'��  �`X. 4K  9�. 28 2�5��5  ��� ��  ���� 9���= 2X'o� � �
825 .'�! �'��'�� b��  �� 3� \; � ��  ?=

o�'	2X �� ��'�� . ���� 9���= Z$- 2`X� 28! $ 0�� 3� �K �$C� � *$�H. ��  ��� 3� \; .�!	 �.3K ���.K *$�H.�@ .! ���B .oC? K 3��.3�@	 2 .'�! D'�� 

��"�� ���� D�.�� �8'2� 05/0 ��= ��8 ?(��# � *$�H.�2�5 .! �)����&D� ,U� 3� \; .�$ # � �" �" 	9�$8 � V$U5.'9���  ��X�05/0���= *$�H. 28 *�.�# 

��$  � ��  20�r� ��"&�� �8'?  4$��AgCl O���; �:�(� 	'? 3��� .! � ���X. 2
0� �) .�$ '9���  �:�(� � ��  20�r� ��X�;O���'?  �C[ 27$8�..! ���B. 

!7 ��< �.3K�@ O���; �:�(� 9��''i�'? 3 	��� �" ���8� 2"��� . �" ���8�� \�� � �� ! � �� .�$ �< �.3K �D�=�@   +�%�8 � �����$%� ��� � i�''9�� 

O���; �:�(�'? � ���X. ,O= �8'9��� � 2`8�� �8 2" ��.K ���8 Y`� 2`X� 	��X�#  ���� 28��$ . l$8�. ��"! ������ �� .�$  ���AASHTO  *$�H. 2�=�.

3��#  Z�� �8ASTM ��� 9��F�.. 

6-3- ���&�A�	
 Q��R ���P* 

��" �$� Q$F� ��L'.�� �$� n5�. ��.3 �� <�8 T`� 3� 6%� ,O= �8 #��P;������ +�� �$��o GFick �$  !. ��'8  2`8��)4(]15[: 

 3M(�2)4(                                                                                                                                                                                                      

� 2D��
.	?= 3� \;�$� 28 u$0 ?'O���F�2`8�� 9 5 :��K !. �� 

 3M(�2)5(                                                                                                                                                        

�� 2"  �Kx  	 ��. ,O= �8 <�8 T`� 3� 2���0t  2'��[ ,'= �8 !������� ��3 9�.	cD 8 A8�. ��. ,O= �8 #��P; ������ ,��r	 2'��[ �٠C  ��" !�3� ���� ��L'.

 � <�8 T`� ��C(x,t)  6%� �� ��" �$� !�3� ���� ��L'.x  ��.3 �� � T`� 28 �CO�t .���erf  2`8�� 9�$U8 2" ���`( A8�� �)6 :�$  !. ��'8 

 

 3M(�2)6(                                                                                                                                                                                                            
 

�W�3$; ���8 2�$.3K �� 2'D�� ����" ��L'. �8��8015/02�$.3K �� � <�8 !�3� ����  �8��8 <D$I�"��. #��= #�)010/0 �����.��� ��.K ���8 <�8 !�3 

 �8 #�'B��$; 6%� ,O= �8 ����" �$� ?'0��; �) Z3��8 3� ��0 2`8��01/0 =٠C )���� ,O= <�8 !�3�(�� 3� ���F��� �8 �0� +  ��LMATLAB   �����D   � 

Cs !. ���8 K���. 

 

4- ��%�* # <���	 

1-4- ,-�.� ��
&�� <���	 &�A; F�#�(� # �� 

  *��- �� 2" 2�$���%)5 !. ��)��.@��.3K 1���� 	�$ l$�5. 2'�" #��8 !����" #�) 	s.:�� ����- ���= 	�)T۵٠  2X�= �J <''
� ���= 68�`. 	

 #�%�)�� �� �� EFNARC ]10[ !. 2S=:. L'� #���0 �.��X. @��.3K 1���� �� <'�E%) .��� ��$8 2" �$  @��L0� <����'8 \'�'� ���� ���L0� �8 ��S��� 68�`.
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!. ��)��. .��� ��.K ���8 !���L0� ���8 l$�5. � ���8�� #��= l$�5. 28 �CO� 2�$%� #���0 �.��X. ��l$�5. �� ��$; 28 4K �CO� @)�" �8 2" �$ ) 	�

.��� 2�0�� @��L0� 2�$%� #���0 �.��X. 

���
 4 : *$�. ��� /"���� 0"�1% 213 4��5  

 3�	��

V��A� 

 3/�>J ����)

(�'� 

 W�RV 

(3�,	X) 

Y�Z�� )	
��  

&'( !�	$ ��	9� 
٣Kg/m 

 �2��
	I [%	�

) �=B�VSI( 
 )	
�� �MR

Y�Z�� 
T 
50 (s) 

SN 9 7/2 675 25/1 2292 0 

SF 8 76/12 640 21/2 2368 1 

M 5/8 58/8 650 5/1 2357 0 

SL 9 13 576 3 2330 2 

M+SF 5/7 4/6 710 68/1 2330 1 

SL+SF 8 3/7 657 2 2331 1 

   

 
2�$%� #���0 �.��X.  <�8 #�)b)K 4K G'H. �� ��.3 3� !
8�� ,O= �8 ���� 4K �� u�i�O. �  ?&  ��3  �4 � ����!. ��)��. .��� ��  ��� 2" �$ 

2�$%� #���0 �.��X.<D$I�"��. � \'�'� ���� #��= <�8 #�) 8 3� ���'8 <'�� !.�%� �� <�8 #���0 �.��X. <'�E%) .��� ��$8 ���� <�=" ���8�� #�� 3� ��%" !%

.��� ��$8 ���� <�8.�.K ���8 	�)�  #�) 2�$%� 3� ��%" ���� 4K �� �� 27$N  #�) 2�$%� #���0 �.��X. <'�E%) 

��� /����8�1 ���%  ?&  �� ��  ���� ���� 3 �" #���0 �.��X.'2 .�%� �� �) l$�5. k�7! ��'< 8'<  25,6  ��62,2 ��.&��;*� .! � /����8 .� �8�< ����	1 

8'����< �.��X. � � ����!  #��= <�8 #��8\'�'���&'. �8 ���8�� . ��)��.! �$ 2�$%� <� @��L0� �8 . <� �� #���0 �.��X. 	�)90 3�� ��L'. <�� 2" 2�0�� @��L0� �

<�8 #��8 @��L0�� 3� \; .��� ��$8 9��F�. 	Y��5. #�)<90  �X. @��L0� q�C��X� �3��\; ���8�� #��= #�) <�8 �� �
�� .��� ��$8 �(�$�&� #���0 �.�  3�90 

.��� ��  ��)��. !�.��X. � � 3�� 

!. ��)��. ���8�� #��= <�8 � !��
. !���L0� ���8 <�8 !���8 �8�K #���0 �.��X. 2&����8 	�$ 28 �.� 	��� ��$8 �8��8 q�C��X� ���8� �� �)  ��%" !�.��X. � � ?'D�

!�W$7 #���0 �.��X. 	!��
. !���L0� ���8 <�8 28 �CO� ���8�� #��= <�8.��� ��$8 ��%" A-�. <�8 28 �CO� �K 9�. 

. ��)��. 2" �$`��%)! �) �� �$ �b �F� �
7$�5. 3�9� 
-$� ?8�o! 8'<  �.��X.7 	90 �180 D� 2" .���� �$-� �3��'? ��< �. �� �.!  ��$�; 28'�0�� 

)'����'�$ . @)�" �'��L ��������� �  *J @��L0�C-S-H ��(�� ��  �� �(�$�&� � �� �"���. 2�'�� �� ���0 �.��X. @��L0� 28 ���. 2" ��%'� �'%( � �8  <�8 #�

	���B !. ��.3 � PB .�$%� ��'8 
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 P"� 3 J8; :; 4
��� 2� ��'( �	8 3,�=, �2	B6 .��	/� 

 

 

 
 P"� 4 3,���; �2	B6 .��	/� 	
2� :; 2� ��\'L� 4
��� 2� ��'( �	8 

2-4-:�$���$D
 �M�# F�#�(� G����B <���	 

8'����< � �.��X.��M ��&D��&! B �3����'�# �) 2�$.3K 28 l$8�. �� # ����# ���L0�! .'���&'�'\ .! D�= �� 	�� �8! " 2"��%�< K�) 2�$.3K �# ��=#  <�8

�"����$( D$%
.! �] 28��. .��� ��  ?��='< �����! �) @)�M; ��# ;'�'< ��� ��  ��)��. [16, 17]. ��)��. ���$%� ��! �$ . .l$�5 �)# �W�3$; #��= 

�L0� ^��8�@ ��&D� �.��X. ,O" m�)K � ���X. 2-$� ?8�o�&! .! � 	�$ �< �L0��@ � �.��X. ����M ��&D��&! �� ��'< D��'2 ]��'L ���D� 	! �� ��'<  ��W�8

�%�] :.�"'� .! .���B<'�E%) 9��Q ��'O8 L�� �) �W�3$; ^��8 �; ��  P0��. <�8 ��  � ��$� b��H� 9��o 3 �3 ���X. 28 �)�)�" !. #��.  ^��8 <���8��8

#��= #�) k�7 �� !&���&D� �.��X. @��L0�  !IL- 2� �) �W�3$;��� �����B. 

�0�B ���o #�) 2�$%�28 �CO� ���  ����$( !����� G'H. �� ��  2	 G'H. �)�  @��L0� #�'�%�] �� �.��X. !&���&D� ���$(�8� 	���$8 �8 0�@��L �8$7� � 

Q$F� �$� ��" � 28 AC� �K 9�  !B��$( @��L0� !. .�8�� 

X. 2" �)� !. ���� <'�E%)#�� 27$N 2'=�� �� !&���&D� �.�� 	�8�� !. @)�" &%. �'
o�� <�� 2" �$  2'-$� 2�$���� ��� <�" #�) �$?(�� 28 ����  <�8

&���&D� ����) @��L0� 28 ���. �.� <�� � ��  P0��. *$�H. �� ����" �$� �S�N @��L0� ^��8 � ���" Q$F�D� �.��X. @)�" � ! !&���& �� ���]18[.  
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 ��� 5  !�"�1�$7 48"� *���9���� :%�	% ;�� <� �� !=13 

 

 

 
 P"� 6 	
2� 2� ��\'L� ��'( �	8 3,�=, �"
�'"�� !-
� .��	/� 

 

3-4- <���	B JK6 G����B ��HT J 

K 4P- ����2�$%� !%�= 4 ?&  �� <�8 #�)7 ��%) .��� ��  2I���!. 2S=:. 2" �$72�$%� !%�= 4K 4P- 	�$  ���� !��
. !���L0� #��= #�)

2�$%� 3� ��%" 	<D$I�"��. � \'�'�.��� ��$8 !��
. !���L0� ���8 # �CO� #��W�8 4K 4P- 	���8�� #��= 2�$%� 	���� ��7 3� 
. !���L0� ���8 <�8 28�� !�� 2� 

<�8 ���� 28 b��L� �K !��
� 4K 4P- !��
� <� �� 	�K !�W�3$; @�"�� � 2�$%� <� @��L0� �8 �.� .���.��� ��  �) 
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 P"� 7 3,�=, &� ^
�G6� 	( &'( �=
> :; :<� 2� ���\$ 

4-4-L� L.�.* G����B <���	 

2�$%� ?" ?5�5� ���X. ?&  �� Y��5. <'�� �� <�8 #�)8  ��  ���� ����!. ��)��. .���X. 	<�8 28 <D$I�"��. � \'�'� ���� ���" 20�r� �8 2" �$  ���

<�8 28 �CO� <�8 ?" ?5�5� �"����$( C� 2'D�� <'�� �� 	<�8 28 ���8�� ���" 20�r� �8 �.� .��� ��%" <'�� !.�%� �� !D$%
.?5�5� @��L0� ,  ��  <�8 ?"�.�� 

2�$%� <� @��L0� �8 !.�%� �� ?5�5� 	�)2�$%�<�8 #��8 @)�" ���X. <�� �.� 2�0�� @)�" !��8 #�)28 ��$8 9��F�. Y��5. #�)#�$7 @)�" ��L'. <����'8 2"

.��� ��  ��)��. ���8�� #��= <�8 � !��
. !���L0� ���8 <�8 #��8  <� ��28  #��= <�8 #��8 ?5�5� <���%" 	�3��\'�'� ���� [ 2" ��� !D�= �� <�� 	�  �C

 <� ��180  	�3���) #��= <�8��� \'�'���&'. � <D$I�"��. ��.3.��� ��$8 #��%" ?5�5� #� 

 

 
 P"� 8 3,�=, &� ^
�G6� 	( &'( P� PA�A$ 2� ���\$ 

 

5-4-�	���� O-� N-�	 G����B <�7�  

0��;'? ��$ ��"�� ?"�) 2�$.3K 28 l$8�. 	# ��=# ���L0�! ���L0� ���8 2�$.3K �! =�� ��'2 �� 4K �� u�i�O.�� ���$%� ��   2I������ ��. +3W  ��� �"Q 28

���H8 ��" ���X.! XH� 6C7'9�X �Co! 28 �) �3�� 3� ��.K ���# 
o��! �( 2X`�. ��'1  /��007/0 �3� ����! 2�0�B �S� �� <�8 �) 2�$%� �� 2" ��� �� #  l$8�.

0��; 28'? . n5�. �) �$.3K! � �8]19 ,20[. 
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!. 	 ���0�B ���o !���8 ��$. �� 6'XH� <�� �� 2" Z3��8 1���� ?'�H� � 2�L�� 3� ?��= #�) ��.���; ���� 3� <'�E%)�X. 28 ��$� ��" �$� ���� 6%� �15  !�'.

`���" ����X. � #��P; ������ ,��r 	 ��. *��- �� 2" ��" ��� � L'� !H6 ��� ��  2I���. 

#�) �$.3K � \'�'� ��&'. � <D$I�"��. #��= #�) �$.3K ��" �$� Q$F� 6%� ��L'. <'�E%)	#��= 	<D$I�"��. q�C��X� O&�� ��'. <�� ��. <���%" ��L ���X<'8 

�$.3K2 *��- 6C7 .� �8 !. ���� #�) 5 ����" �$� Q$F� 6%� @)�" ����	 �� 6%� 15  ��)��. �)�  #�) �$.3K 28 �CO� ��%'�'. ��� ��.  #��8 ���� <���%"

� ���8�� !IL- 2� #�
�$.3K � <D$I�"��. #��= #�) �$.3K #��8 ��L'. <����'8 <'�E%) � � �8 !. \'�'���&'. #��= #�) �$.3K ���&'.!. \'�'� �8. 

 

 

 
 P"� 9  2� �2� 3a�b 4
���  2�	8 c�a 3��� �
��� P�6��I 	
2� 

 

��� 2�� 3�4� ��1� 1�  	�� �� ��� ��15   M9. ��) ��  '�
  1@��(��� 26!.Error! Not a valid link 

4-6-���	  ��KU&�A�	
 Q�
�R < 

����1 .'��L �r�, P; ��������#Dc . �'��L H`� ��"!Cs ��8# �� �G  �� 27$N# �� ����   ��*��- 7 .��� ��  2I��� ���%  2" 2�$���%)  n5�. *��- 3�

8 	 ���'����< �r ���X.�, P; ��������# ��$ ��  +�%� �� ��"�G 28 l$8�. . �W�3$; ���8 2�$.3K!  .� �8� ��< 8'����  �[�.W�3$; �C_)�" �� �) ��r @�,  ������

P;��# ��$ ��"�� .! .� �8 

 

 �E%)'< ��%"�< .'��L �r�, P; ��������# ��$ ��"�� ��8# �) 2�$.3K# ��=#   . <D$I�"��.!� �8*��- . 7 8'����  @)�" ����r��, P; ��������# ��$ ��"�� 
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The performance of binary and ternary self-consolidating concrete (SCC) samples immersed in Persian Gulf 

simulated water including compressive strength, electrical resistance, bulk water absorption, total voids and 

chloride ions penetration are investigated. Portland cement was partially replaced with ٢٠ ,٨, and ۵٠٪  (by mass) 

of silica fume, metakaolin and slag, respectively. As well, ternary blends containing the mentioned percentages of 

metakaolin and silica fume as well as slag and metakaolin were cast. The water to binder ratio was considered 

0.45. The results indicated the improvement in the performance of immersed binary and ternary SCC samples 

compared with control samples. SCC containing the studied supplementary cementing materials showed better 

performance rather than the plain SCC when immersed in sea water from the view point of resistance against 

chloride ions attack. The best performance was attributed to the ternary SCC containing metakaolin and silica 

fume. The samples contained slag did not perform well in the Persian Gulf exposure which can be related to the 

poor quality of the studied slag. 
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Self-consolidating concrete; Chloride ions penetration, electrical resistivity, silica fume; metakaolin; slag; simulated 
marine environment 
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