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3,4.  �<� 

'�"3+L(A
 ,- �� 5��!- x0�4 D" ��(5�3M��<�% 5� 
�"�+ �G��'�9 I	�	 ,�0��4 .�- H�(4.�- 5� .�=���� ]�?� ,- C�B�� 
��� '��V '�9 '�9

 ����� ���0 �- ,!"�F	 5� '���� '�"3+L(A
 ����� ���0 �
��	 ."� ;�5L �M�����+ �<� � �
J�#(+�� �?(��	 ��B%�+�5 ]8-6 [(A
 .�"3+L :�� .�- K� '



 

 

5 

,- H�I	 ]	�(� ���� ��5� � ,)��
 5� � 
�4 �7 ]0���%J�- 8��� �5�(	 ����- 5 .�-���	 5� �"3+�
L(A
 '�9
�4 p5�2M ���5 :��7 '�9 .�
� 8��� w"��


.�-�9C�B�� 
��� �- 
�4 ,�0�� ' ���	 5� ."� ,	��� 5� jB�I	 '�9,?�F	 ,�E�M 5��U k�- �5(	.�
� 

1,3,4 . =-��	/-��) �
��	4 >�#-.  � #-'��#2 

5� �95(%�	57 �M�5(0 
�"�+ 
#��'�9 K�	 #� @B!	 .�-
#�� ��A	��� � 8��� ,?(F	 5� 5�3M��<�% ]	�(� ."�% ,- �94�	 5��.��5 ��0 T(
 ."�- 5� d�%��� �


#�� '�9
#�� � �"�"5�D�
 y��	 5� @B!	 .�- '�9z" '�9L(A
 �<� �- ��# �(",- �"��B� '�9 � � .�- ]0��E5 .�- #A
� ,�V�
 .�E��	 � �?��57 { t5 5(%�	

�	
�"�+ 5� �B�� ,A?(	 ��(�� ,- .�- '�"3+L(A
 ���	 ."� 5� .�9��(" S�F�
� '�9�	 ,�0��4 .�- 5� �"��B� '�9�(4 . 

�- C�B�� 
��� #� 
��A��� �<� ��5�- ,- �F�F�% 5� ��5���9 � 5(u
��
�`	5 �(" ,�E�" N"�!% L(A
�"��B� '�91  ="�	#7 v-�>	١٢٠٢ASTM C ]11[ 

��+�0�, ]�4 5� |5��	 w"��
 v-�>	 v�F�% ."� 5� .�
�1�(" L(A
 ��2�	 =9�� 5� C�B�� 
��� #� 
��A���  �G	 �<� �p5�2M �"��B� '�9 
�4 �� ]12[ . 

 
 E+&1- 
�� �#F�� G���� H�I/ J��#/ ����"� �� ]12[. 

 

(�4 � '��M5��- �<� ��5�- ,- ��5���9 � 5(u
��
�`	5 ��"� �F�F�% 5�
 �(" ;�1��	 :"�} ��2�	 �- .�- 5� C�B�� 
��� ���-5��-�"��B� '�9�  �-

�(" ,�E�" N"�!% ;�1��	 ="�	#7 ^����"��B� '�92 v-�>	  ="�	#7 ۴٩٢NT Build   ]13[ �(" ,�E�" N"�!% L(A
 �,�0���+ �"��B� '�9�
� ]8[.  �9 w"��


.�-  	��F	 ="�2E� ��
��- ="�	#7 ����� '��V '�9
 - 5� C�B���(" ��5� �-�� v"�R #� �"��B� '�9
�"�+�	 5���
� � L(A
 '�9]�4) �4�-'�9 2 � 3.( 

5�  v�F�% ."�~�R '5�3M 8�
5�- '�9	 ^��� �- 
�4 ��(	 ,- H7  �!
 �
�4 
��- 5��- 
����� � �
���� �� 5 �
���� ��(	. �� 
 

 
 E+&2- 
�� �#F�� G���� H�I/ J��#/���"� �� �) �K� A��B� ?
"
� (��� ��
���+� LSSF) ��/��� � (GSF( ]8[. 

                                                      
1 - Rapid Chloride Penetration Test (RCPT) 
2 - Rapid Chloride Migration Test (RCMT) 
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E+&3-  J��#/A���M� N��O 
�� �#F�� G��������"� �� ��
���+� L ) �K� A��B� ?
"
� (���SSF � () ��/���GSF( ]8[. 

 

C�B�� 
��� #� 
��A���  �	 =9�� �-  �G	 �<� ,- � ��2�4�� �M�5(0 #�b7 ��	# .�0��
� v"(�%,  �15�0 L(A
 �-��- 5� .�-  	��F	 ��(" �5 �"��B� '�9

�	 ="�2E��9�]6[ .(!
�9 � ;(�5�	 ;�F�F�% �,>-�5 ."� 5��1  .�- '�5 �- '��V ���
�(%10  ����� �- 
�4 ,�0�� .�- �- �7 ,!"�F	 � C�B�� 
��� ��5�

 ���
 �?(��	 ��B%�+.�- 5� �M�5(0 t�
 =9�� 
��9��V 
�5(I
 ��% '�9�'  5� C�B�� 
��� ]�4)  �� �?(��	 .�- �- ,!"�F	4 (]14[. 
 

 
 E+&4-  J��#/�#� �� 7����< 
���� A�& ���: �� 10% � ?
"
� (��� �#� 7���8� �,"��6 
��
� �� ]14[. 

 

0  �"��BU =9�� ]�?� ,- ��"� '(� #��V�
 j��`% � ����� ����("  ZBb ,
���7 �V �5(%�	57 {E��	 �?��A
� ,B� '�9�- �"��5(0 T��4 '� 5� �M�

�	 ��
�5� �"��B� '��V ���- @?�*	 #� 
��A��� ;5(� 5� � ,�E�" =9�� C�B�� 
��� '��V @B!	 .�-	 .�- 5� �M�5(0 ��2��V @B!�B�� 
��� ' =�- C


�4 p5�2M �?(��	 .�- #� �� ]15[. 

 

                                                      
1 - Marcotte and Hansson 
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2,3,4 .$��?-* 0��@�� 

;�A?(� ,B�V�"# ]	�(� ,- .�- ,- �9�' - '�"3+L(A
 ,B�1 #�%�� T(
 ������ ."2�"�1 ��(	 '��M5��- ��2�	 � T(
 �.� D�
 �(��Bb � �%�A?(�("  Z '�9

��	 H7 5� ;�A?(�B�� 
��� #� 
��A��� .�- ,- ;�A?(� K"�� ,B�V �- ,>-�5 5� .�5�� ���!- K1 C�4 ���B�� �(��- :1(	 �� 
�]18-16[ �B�� ]�?� .

.�- 8��� �(��-�V '�9�	 ����BU .�- '�"3+L(A
 =9�� ��7 ,- ;�A?(� K"�� ,B�V �-��- 5� C�B�� 
��� '� ���M]6[. 

�	 D�
 �(1� ;5(� 5� ���"� '(� #� ���0 D97 ��"# 5��F	 /�*	 ]�?� ,- �K1��	 S(B�	 5� ;�A?(� K"2�
�4 ,%�5��9 R=���� � '�9

�
J�#(+ .�- 5� #� =�-) J�- �"��F	 '��V '�910 �C�B�� 
��� (����� �#� ��5� %�A?(� ,B�V� ,BV�	 �5�� d���F�!	 ;���B�� ,"2)% K�!B� '�99 ,%�5��

 =���� � 
�4 (����� ���0) 
�4�	 ,	��� 
�4  I� ���0  "�I% �-) �-�"]19[  �]20[�� ;5(� 5� .(� �"��F	 #� 
��A�K �C�B�� 
��  #� ����)10 

�(��5� ��� 5� �E�*	 D97 5��F	=�.�- '�"3+L(A
 =9�� � 
�(- ���� �
J�#(+ '�9'�9 �- 
�4 ,�0�� "2�"�1 
��	 ."������ .� ��� �(��- :� 5� 8�

 K"2��	 ,B�V �-��-�	 ;�A?(�) ���M]21[  �]22[.( 

3,3,4 .�A B��� ���	 0��4C�*�� 

"3+L(A
 =9�� :�� (� D" #� C�B�� 
��� ��Z
 ����� ."2�"�1 ��(	 #� 
��A���,
����� �"��BU =���� #��
 �5(	 H7 '�9� 
�4 � �"� '(� #� ;�5L �

) ����� �"��BU ;�5L �- =���� �R �
J�#(+ ��(	 �!�B�� ���	(?7O٢aN  �O٢K)��
 5� � ����� ���0  �"��BU =9�� :�� ( ,�� ;�4 =9��=�� '�9

,
����� �"��BU�	 �9 �
��M]�4) 5( ]23[ .jB�I	 ;�F�F�% 5�  8���=���� H�I	 �<� �-��- 5�,
����� �"��BU '�9 �9R="�	#7 ��
�4 N"�!% '�9  �<�

=���� ."� #� �4�
 ��!�
� ��2�	 =9�� �- C�B�� 
���  ."� '��M5��- ="�2E� �- � 
�4 p5�2M  �G	���� S���� �J�#(+ =�"��BU �	 ����-�M ��)]6[  �

]26-24[(. 

 
E+& 5- 
�� PQ"R� �� 7��
"S �� (�I: ��"T �� ?6 ��6  (��]23[. 
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4,3,4 .*���
��/- 

�J�#(+ �"�� ��
��9=���� ��9  
�4 ,%�5��9 ����� ���0 D97 #� '��"# 5��F	 /�*	 �- .�- 5� C�B�� 
��� �
J�#(+9
��� . �� �� :�� ."�-� 
��A #�

�	 C�B�� 
��� .�- 5� �(����-�� =���� ;�4 � S���V� ="�2E� :1(	 �
�(%���M ]27[.  ]�46   v�� ="�2E� 
��9� ���
� ;5(� 5� �(����-�

=���� ."� ;�4 ���B%�+ ����� �- �J�#(+ ."� ����- ��"2�"�1 � 
�(- C�B�� 
��� #� 
��A��� �5 �	 ="�2E�9� �]28[. 

 
 E+&6- ,��� U�V �� ?6 
�
��98  �
��� �� ���� ��� W�8� �� ��
����S ���]28[. 

 

�"� '(� #�� C�B�� 
��� #� 
��A��� ;5(�5� �.�- 5� '� .-�� #�M � H7 '�"3+L(A
 =9����-�� 
�"�+ ;�4 #� ��!���	 �(��� �9�]6[ .�3? 

 �-��- 5� .�- �"��
 ���B�� ��
���� ��(	 ,- H7  �!
 ^��� �- �(����-��]�� 
(�
 � C�B�� 
��� '��M5��- 5��F	'5�7 �	 .���%� �- .���M �0�- ^��

%.�- 5� �,�E�M 8�)
� ;�F�F� #� ���� '5��E  	��F	 � J�- ����� ,- H7  �!
 �- '�940 - �(����-�� v�� S����+��	.� #� =�- C�B�� 
��� '��V '�9

.�-�9.�- 5� � 
�(- �?(��	 '� ,- H7  �!
 �- '�9 #� =�- '5��E  	��F	 � K� ����40 S����+��	� ��� ��
��- w"��
.�- ���- 8,�0�� '�9 
��� �- 
�4

�	 C�B��) ��4�-]14[  �]29[.( 

5,3,4 .0��@ ��4�*� 

 �9���� ,B�V �-��- 8��� 5� ����� ."2�"�1 ��(	 #� 
��A��� �<�#(+ =���� �R D97 /�*	 ��<�%  �% �(����-�� =���� ��
��9 =9�� � �
J�

�	 �J�#(+ '��M5��- #� �4�
 '�"3+L(A
��5�- :�� ."�- .�4�- ���� ,B�V �-��- 5� ����� ."2�"�1 ��(	 jB�I	 T�(
� ���B�� 
�(- �	�2?� �(M�
(M '�9

.�- 8��� �5(	 5� ��	�1 �Z
 d�`�- � ��(	 '��V '�9 �,
(�
 '��- .�5��
 �(1� �
��	 �
��2E�FF�	�. � �5(	 5� #� 
��A��C�B�� 
���  ���B�� �(��-  �1

5(A?(� ,B�V �-��- 5� .�-"D ���� 
�V�� �Z' 
5� .�
5��
���  ��5���9 �1 �5�- �-� ��V .�- ���B��'  
�����B�C  S(B�	 5�1 5(A?(� %"D �����  �<�

�".  ,B�V �-��- 5�  	��F	 �- 
��	."� ���� #5�  �G	 �5"-�� 
����
� ]30[ .��g�9. 	��� 2 �1 �-"2�"�� 15% ����� � 
��� ��(%�B�C ,
(�
 ���� 5��U ��9 5� 

��-�- "5(A?(�D ����   ZBb �-1% ��V .�- 5��E5 �(��- �' � 
����B�C 
��� p5�2M �5 �� ]31[ .�F�%;�F !�?�5�
�3 
�2 ���

��9� =9�� �#� ���� 

                                                      
1 - Durning et al. 

2 - Mehta 
3 - Alexander 
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,
(�
'�9 ��V' � 
����B�C ,
(�
 ,-  �!
'�9 �4 ,�0���"�� �- 
 �J�#(+��9 .�-  ��B%�+ ������?(��	 ,�0�� .�- �
�4 �- ����� 	(?7�+�.  �- S(B�	5�

pH  �-��-"D 5(A?(� #�"D ���� 	��4�-  ]�4)7( ]32[. 

 
 E+&7- �/��/ 
�� @ �� �
�� X���I��� �"�: ����� �� 
��
� ���Y��� ���� ���: 7,#� �� ]32[. 

 

/Q0�- w"��
  ��(E�F�% ;�F1�����  ��5���9 � 1 ���

��9� 8�� �(��- ���B�� .�- �- 
��A��� #� �
�� ��B�C  ]�4 . �� .�- 5�8  �#� =9��

,
(�
'�9 ��V' �1 ��(	"2�". �����  �- �5 jB�I	"��"�� �F	",! ��
 � 
���"w - �7���
� � 
��� H(B>	�
 �<��B�C -��- 5� .�-  	��F	 �-�  ,B�V

5(A?(�"D ���� 	��4�- ]33[. 

 
 E+&8- �/��/ 
�� @ ����
� ���Y��� ���� ���: 7,#� ��  �
�� X���I��� �"�: ����� �� 
]33[. 

 

                                                      
1 - Senhadji et al. 
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6,3,4 .0.
D��)    E =	/�4�F1 

.�- 8���,0�f �-��- 5� C�B�� 
��� '��V '�9�2E� ��(	 #� 
��A��� � .�- '�"3+L(A
 �(f �B	�(� ,- ,�!-�� �����I" � H�L '�9�	 #���(9 H��V �
� .�4�-

 p5�2M w"��
 �3?�	 ��F
 � �} d�`�- 
�4 ��4�-]6[ ..�- ���B�� .�FF�	 �0�- �-��- 5� #���(9 H��V �
��2E� ��(	 �- 
�4 ,�0�� C�B�� 
��� '��V '�9

,0�f �
� 
��� p5�2M  �G	 �5 z" � H�L '�9]34[ . ;5(��5�� v�F�% ��
��9 �;��?�>	 #� ��"� �`�- "2"�- � 1j��} ���B�� 
��9� ���
 � �%.�--

��(	 ���- C�B�� 
��� '��V '�9  ]�4)  �� #���(9 H��V ��(	 #� 
��A��� ;5(� 5� �?(��	 .�- ,-��	 ���B�� � #���(9 H��V9 v�F�% ."� 5� .(

 �- �-��- �
���� ��(	 ,- H7  �!
 �- 
�4 ,�0��  	��F	�+ .�- ���B��3/0  �20  
��� ��5��"#5� :���	 5��!- ����� ."2�"�1 C�B��  �� 
�4 �-]35[. 
 

 
 E+&9- 6 �#��6 �Z� �� [\� 
�& �#��28  
�& ]' � 
�� ^� �<�_]35[. 

 

7,3,4 .�*	B �*
H  	B IJ* 

���
 ;�F�F�% 
��9�.�- ���B�� �(��- ��>� ="�� �-��- 5� C�B�� 
��� �- 
�4 ,�0�� '�9 � ,�BF
 ]"��� 5(�� �<� �-S��� ��"�1 �"�	 
��"�� '�9 ��4�-

)]2[ � ]4[(�? ,
(�
 '��- .(2 F�F�% 5� ��"�1 �<� �- ="�� ��2�	 '�5 �- C�B�� 
��� ���2E�  �G	 �<� � '5(�� @>� #��5(0 ��%
  K?�� � p5�2M �5 .�-

 ]�4)  �� 
���10 (]36[. 

                                                      
1 - Karakurt and Bayazit 
2 - Liu 
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 E+&10- �#� �� @��� `�/ ?
"
� (��� ���: �� ]36[. 

5 .���0K)
�> 

 ,- C�B�� 
��� #� 
��A��� ."2�"�1 � �
��	 �
��2E� 
��	 D" ��(��'��M5��- �>��	  !"# ;��<� =9�� �- 
�Q� ����� ����� �+��B% :1(	 �- �(��

�	 .�- '�"3+L(A
 � ���
��	 6�(0���	 5� .�- ���B�� .���M� ;����o% � '�"3+L(A
 =9�� ,- ,1(% �- ���5 :��7 '�9�2�	 57 � #� �4�
 D9

 .���% ��B%�+ ����� �(���%�5��9�	�(4��Z
 �5�(	 �G�� 5� . �(" L(A
 �-��- 5�  	��F	%�	57 �M�5(0 � �"��B� '�9 =���� �5(U����� �"��B,
 ,B�V � �9

 �<� .�- ,- ;�A?(� K"��k��- '�"3+L(A
 =9��  8��� �(��- ,��M
�"�+ �"�� 5� �,0�f ��(����-�� ��Z
 �9 � H�L '�9"�  	��F	 � zB�V �-��- 5 ,

.�- :���	�
 8��� :1(	 ;�A?(� K"2��	 C�B�� 
��� '��V '�9
�4 p5�2M ��.  ."�-]�?��  5��E5 v�F�% � ,�?�>	-.��9 
��� '��V '�C�B�  5�

���	 ���5 :��7 '�99�	 ,- ,1(% �-���1� '�	� �>��	 �"��4 � .�-  0�� 5� 
��A��� �5(	 ��(	  �	 5��4 ,- �"3+�
 H�.��5 

 

6   
!9' .#4A���� 

� ,- ,?�F	 ."���� ."�- . �� 
�4 p5��
 � ,��% ���"� i��?7��E N"���  ��4 8���95�  ��4 ."� #� ,B �  "��V '����5 #
p5�� U ,?�F	 ."���5� �
-, ]��

�	.�"7 
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