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 -?+/? 9@� 	 9	:2�+5 !2A$�S) 9	�:�	5 ��3�o) 	�5 -;$��m
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1� -�2 �+5 !C4 I+< �	  Q
 ;:@i� A
� �� >�	JF8� ��+) �	 

-,�#) -?	FU.G >�	0 �� 9�)B	(J�R� �!F�4� ({��, @ 7+�\ 	�5

 !
	$���j0´��/��°��N@´�/��°��E�V�g �E�2 ��W� 

-?+/? 3�4 9����5 .-�?+/? !W`�8 �	�  -�
[ 1� 9�����5)��m�

!F?	��8���F) (-��5 3��4 I	��P?� *��$5 -.$��8@ .	��  ����	5��@� -��5 

34 A$$S� 9�F)@�3$: .	�  I�+�H �@3X�(Consistency limits)  

!��?�@� 3��X *)	��4(Liquid limit))LL (-��`o? -��8 �@� -��5 9�

29��$/  3�X �3?��G	8	(Plastic limit))PL ( -�.$F� �@� -�5�

!�.$) {	��Ko?� 3�X @ 9��F)(Shrinkage limit) )SL ( �@� -��5

3?	F8� ~$.M?� ���BS >1�3?� 3
��G 9�$G)�.(>�	) 3R�� -�5 !�<Z

� �@���2���� B+$8�3$U >1�3��?� 3��
��G 9���$G)��.(1� !�� �5

!Gi
@ 
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>��@Z >34 �8�.

9<� < 9�"' e�� 7	8 	� 

	 �8��5 ��+) ��+: !mE Q�<� 1� @Q�!�.$) >��� �+�K, ��F)

43.��3o) AF��G �l? �� 	5�/�!F?	�8 ��5 I��G ��F) )"9���5 %�S
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)�`H��=	J��� @��!F?	8 �F)(	�  I��0 ��-K�8	W) 1	�$? ��+�) 

3
��G .-�5 -�?+/? ��5+\� B3?	8� 9��5 1	$? ��+) fZ I�0 ~�8

 	 -5 @ -K8	W) �l? ��+) �5+\� 3R����34 -�	^ .>�+�� ~�8

 BZ �	  	�  ��5+\� 	�� 3�4 >��� 1�@ �3H��
 h	�K
�o� Q�� �+?

3
��G .�� >	M?Z�	 �-.X�) ��>3�4 -�F&
� s�L B@�� f+\�) 

D b8+�"~��8 @ >3�4 >3?	�8� �+5#) !<	MD -5 !R+d&) ;

`8 I	/��/? _�-?+ H�@ 	5 	:�-$F8p� 9	:"�3�4 >3?	�4+� !.h	�F
	(?


Q�$(� 1� ~� 1@� �-�\� B3$�8� 7�	�S� -�5 @��? �� �5+��-?+/

;$�m;
	)1Z ~�8 @ 9���G�	5 	�  9@� �3�P) 9���G�	5 9	:�
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��CF(.�>N/� /J�� 	�E� � �E�<	E	8 �7��	6%�� ���� 

!?1@ 3R�� !<Z >�	)(%) 9��3
	� �@3X)w/w(% 
	  ��	5�

A4 �.$8 v�LL PL SL 

!C4 I+< ������c�/�c/�c�/���/�

LL �PL @SL :	 {	Ko?� 3X @ 9�$/  3X � !?�@� 3X �M?	$5 %$��� -5�!)3C4	5.

1/	��5 `/�,! � ��M>�	� e�� 

;$��� I	��P?� 9����5m;
	��)1Z I	��P?� @ 9�����G�	5 �U��E? 9	��: 

-WJ���R 9�)PST ( �+d���W) !G��E���� @)CCT ( >	MF���8� 1� 

CBR (California Bearing Ratio)JF8� 3
��G >�	 .B+FU�$� ��`H

 >	MF8�CBR ;
	)1Z A
� �� 	:��!.$) 9����G�	5 �,�8 @ �F)

�!.$) �+5 -o$H� �5 �F) .	�  -�5 >���@ �	�5 �;
	)1Z A$X �����

-5	0 *R�+� !
	0�/�!.$) 34 �4���	
 �F) .

;$� 9��5m	 _`8 9@� 9���G�	5�-WJR 1� ���`H 	�5 9�

�/�c!F?	8 �F))29��5 -x��+8 �+: u@�  ��� �+5 >34 (>�	JF�8�

 >	MF8� 1� >�	JF8� 	5 ~�8 @ 3
��GCBR 3�4 I	�P?� 9����G�	5 .

;$� ;C� B�#$) @ -WJR �X	U) -5 -0+� 	5m���l? ��+�) 9�	�5

 -�5 >3�4 7	�/,� 9@��$? ��3�o) @ -K8	W) �l? ��+) 9@�$? ��3o)

	 �
 1� >�	JF8� 	5 QtC8@�$? 234 7�FC .;
	�)1Z I	/� �� 9	�:

;$�m-�5 �	5 ��l?��+) �	5 _`8 -5 @�$? B3$8� 1� ~� 9���G�	5

 V3��)��3��?	) !H	��5 -��?+/? 9@� -��o$H� .f	��&F?� 	��5 �A
��5	��C5

-WJR 
�#? 9�`H 	5 9�Q	 �s�L �`H -5 �-5
 �+\Q�� �+?

-5 @;$� �W� �+dW) V�+Rm�	5(Pre-load) ���G ���H .

;$� 1� ~�m1� *KH @ 9���G�	5 ;
	�)1Z I	P?� �!.�R� 9	�:

 	 9�:	L !<	MD @ �5+\� A$$S� 9��5�-?+/? �1� >�	JF8� 	5 9�

-?+/? -?�+F8� �$G %�$��� -5 =	J��� @ �`H 	5 9���@��!�.$) ��F)

 3
��G -$(�)*"4 �.(

;
	)1Z -�5 	: %�$2�� @� V�+�RCCT-PST @CCT-CCT 

3
��G I	P?� .%$2�� A
� 2 �8� !CS) A
35 	: ;$� -m9����G�	5

 �@� b8+� �<	X @� �: ��CCT I	P?� �3�P) 9���G�	5 @ 34

 �@� @� 1� !"
 -5PST 	
 CCT V�+R ���G .;
	�)1ZPST �

	  b8@ ���;$� m34 I	P?� >34 9���G�	5 )*"4 �.(��3�o)

 !
	P5	0)�UE?(��!.$) -�5 �F) ��l? �� ;
	�)1Z B	�
	� B�+�C,

 34 -F��G .	)1Z B	
	� 1� ~� ;
PST -?�+F8� -?+/? �4 9�"*)-�5

 %$��� -5 =	J��� @ �`H��@��!.$) �F) (!G��E�� ;
	)1Z 9��5

 �+dW))CCT ( 	 1��3�
��G -$(� s�L �M
� �/UH )*"�4

�.(3?� �`H 	5 9���G�	5 -WJR2!2�3C.$�8 !�. �� ��`H 1� �F/

-?+/? >	MF8� 9���G�	5 �+W) @ -?+/? A$5 �9�$GCBR >��� ����H 

43.-5BZ *$<� 25 �UE? B�#$) �� ;
	)1Z �: 9��5 --�!R+d� 

 !) u�	  -?+/? 1� fZ �;
	�)1Z AF�	
 B	
	� 9	CK) A
��5	C5 �3
��G

 �+5 -?+/? 1� fZ u@�  =@�4)��.(

;C�� A$$S� 9��5 ;$��m���2!�/)Pcσ(3?��G	�8	2 �@� 1�

)�(34 >�	JF8� .j� ��@� A
� �� 4 �$$"'F
�	�M< %UX �5 �	  *

!) '8� 9�+/, ;C� �+4 .;C� AF�	
 9��5 ;$�m���2!/)Pcσ(

;C�� !��CWC) 1� �@� A�
� Q��/2 -�5m;
	��)1Z �U��E?PST @

;C� !CWC)m2;
	)1Z ;?�CCT34 >�	JF8� .

�	�  ��5+\� _`8 @� 1� -S<	`) A
� ��)�c@��3�R�� 

!?1@ (;$� _`8 ;4 @m9����G�	5)����������� ���� @

��� 7	"8	�+.$2 (-?+/? -$(� 9��5 V@	�JF) V	�0�� 	5 �	  9	:

���23
��G >�	JF8� -$<@� '.;
	)1Z -5 	: 	� V�+R2*�
�+F)�×�(

��\ %<	H ��2hp)	 � -8 �� !��	d� �"3�
��G I	�P?� ��� .9���5

 >��� 9�	)Z *$.W� @ -
#P� I��? 1� 	�: 9�	�)Z ��#���SAS 9���5 @

A$M?	$) -U
	o) I�? 1� *5	oF) V��e� 9	: 9�	�)Z ��#���MSTATC 

3
��G >�	JF8� .A$M?	$) 7	�/FX� _`�8 �� 	�:�%1� >�	JF�8� 	�5 @
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$E!(.1/	��5 $:� �/k	� 	 < 9:6; -&�< �)PST (9<� < ���=:� �>�,�� 1/	��5 �,� �C! 9�"' 7	8 	� 

)CCT (7	8 ,�	l �Q	f# � -���� H���' �

;C� !CWC) 9@�mZ �� �UE? ;
	)1 PST ;C�� !�CWC) @m

2;
	)1Z 9��5 9�+W) ;?�CCT �� 4"*�B	E? >34 �8� .

-5 t
	F? ;
	)1Z 1� >3)Z �8� ��5+\� ]�.F&) �+`�8 �� 	�:

 ;$� @ �	 m�� 9���G�	5 7@30 ���8� >3�4 -�Rp  .	�5

 7@30 -5 -0+��;
	�)1Z t
	F? �PST !�) B	E�? 	�5 -�2 3�:�

 ;$� ��3o) ;
�#��mB�#$) ��	5 ;$� ;C� m;
�#��� #$? !/2���

 �8� -F�	
 .;
	�)1Z t
	F? �� !<@CCT A�
� �� !�/lC) 3�?@� 

���3? �+0@ ��+) .�8� -�?+/? A$�X �� �	�  !G��+  9��$G

 �@� 9��5CCT !) #$? '2��� �5 !.$<� 3?�+� �	  �FE$5 9�
��

 ;C� �� '2��� -`o? 1� �F/2 9	:)!�CWC) -2 !EC� 	
 -`o? 9	�: 

1Z 1� *R	X ;
	)PST @CCT!) �30 �M
3/: 1� 3?+4 (34	5

)��c���@��.(

��7@30 �@ �	�  ��5+\� ��e� ~?	�
��@ -�
#P� t
	�F? 

;$�m;$� ;C� �5 �	5m���2B	E�? �>3�4 ��@��5 !/ >��� >3�4

�8�.!) B	E? t
	F? 3:�2;$�� ��	  �5+\� V��e� -m@ �	�5

 ;$� ;C� �5 	(?Z *5	oF) �e�m���2!/)$$S� ;
	�)1Z @� 	5 >34 A

PST @CCT (!CS) !) ��� 3C4	5.

;$�� ;C�� �
�	�o) A$5 -`5��m���2-�5 ��/ 1� >3�)Z ��8�

;
	)1Z �	:PST @CCT �� *"�4 ���8� >3�4 >��� B	E�? .

>��� �5 >34 �1��5 -<�	S) ;
	�)1Z 1� *R	X �	: �	�:PST @

CCT ��� B	E? 2@ %8	C) -`5�� -�CS) ���)�%P <(A$5	o) �
�

 ;$� ;C�m��� 2;
	)1Z �� �/CCT @PST ��: ����� �+�0@ 

;$� ;C� �
�	o) 3CDm���2-5 �/ ;
	�)1Z 1� >3)Z �8�CCT 

�@3X�;
	)1Z �� �
�	o) �5��5 PST�) 34	5.

;$�� @ �	�  ��5+\� ��e� 9�	�)Z -U
	o)m;C�� ��5 �	�5 

;$�m���2;
	)1Z �� !/9	:PST @CCT �� 7@30 �B	E�? 

>34�8� .;
	)1Z ��PST ��	�  ��5+\� ;
�#��� 	�5 �pcσ

-5 >34 ��@��5 !CS) �+\ 9���2�8� -F�	
 ;:	 .t
	�F? �A
��5	C5 

;
	)1ZPST !) B	E? 3:�2	 �5+\� ;
�#�� 	5 -�-?	F�8Z �

;C�24 �$$j� BZ �� -"	�  �� �	G3?	) *�!�) =@��4 ��+�4

2�8� -F�	
 ;:	23:	E) 	5 --,�#) V��8� �	G1	8 9�)�c.(

!��+R �� 2;
	�)1Z t
	F? -CCT ,�"B	E�? �� �@� A�
� ~

!) 3:� .;
	)1Z ��CCT ��$��L ��	�  ��5+\� ;
�#��� 	5 �

	  9�5�	5�)pcσ(-5 >34 ��@��5 !CS) �+\ -F�	
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��� 

!E$A.9<� < 1
' H���' �f<�f# �� � �213�,'�� )pcσ(e�� P � 9��1�2 7	8 �� C<�,>	�	3��M>�	� 

-���� C;�� 	� �C! (+,�	l �Q	f# @)A/(�%<	� ,� �,> 1/	��5 �� �,� \�E� ,%� PST �CCT.

�8� .

7@30�B	E? ;$� ;C� �+0@ >3C:�m��� 2;$�� �� !�/m

�8� �JR �	5 .�+0@ �)� A
� *$<� 1� *�R	X !�. �� 9	�:@�$?

)"
��	) ;QE� @"Q�
 B	�)1 V3�) �� !. �� 9	:3?+$� *$

 !H	5 1@� -?+/? B3?	) !�) �3�P) 9����G�	5 1� *KH 	: 3�4	5 .	�5

 ;$� ;
�#��m;
	�)1Z �� �	5PST �pcσ-�5 !�CS) �+�\ 9���

 !��+R �� ��8� -F�	
 ;
�#�� 2-5 93?@� A$CD -�&E�) �+\

 @2;
	��)1Z t
	��F? �� *��)	CCT!��/? >3:	E��) �+��4 .;C��� 

;$�m��� 2�5 !/Z;
	)1Z 	5 >34 ��@CCT �
�	o) �5��5 A
3CD 

-?+/? -5 >34 7	/,� !) 	: 34	5 .B3$8� =	K4� -5 �>3
3� A
� *$<� 

-?+/? ;$� A$X �� 	:m9����G�	5)��5+\� �� >i�
@ -�5��(%

!) 3?�+� 34	5 .���4 �;
	)1Z A
� �� ��
1 �+d�W) ;
	�)1Z b


 �8� >3
��M? -K8	W) �ez) ;C� @ >�+5 .!E�&5 ��<	X A
� ��

 *2 ;C� 1�)!0�	  �	5 (B+D @ >34 */W� 9�JC) fZ b8+�

 ��� fZ2'!/? �
�� �
�	o) �� !(0+� *5	H ;
�#�� 34	5pcσ�� 

;
	)1ZCCT ;
	�)1Z -�5 �KU? PST -�5 ��8� >3�)Z ��8� .

��"/: @ !H3d��)B��	 �@� -��2 3��CF�	
�� #��$? PST)-��5 *��$<�

�8� �	  B�+5 >��+&? (�@� 	�5 -U�
	o) �� 9��F(5 A$�/&�

CCT 1� pcσ-5 !) �8� 3:�)��.(B��	�"/: @ !"�8@3
@��

 �
�	o) -2 3?��� B	E?pcσ>��� 1� *R	X !C$/&� ;
	�)1Z 9	:

PST ;
	)1Z 1� ��[	5 CCT �8� .;
	)1Z I	P?� 9��5 	(?Z 1� 	:

 ;$� b
��4 @ 3?��2 >�	JF8� �	  -KS0m;
	�)1Z @ 9���G�	5

PST-5 �+dW) -/$? V�+R(Semi-confined condition) �+�5 .

B��	"/: @ !H3d))���c (-�5 -�0+� B@35 -2 3?��� B	E? #$?

 A$��/&� �9�����G�	5 @ �	��  b
����4pcσb��8+� -��/$? �@� 

O$H� �+dW) 1� ��CCT!) 34	5)��.(

;$� ;C� A$5 -`5��m;$�� ;C�� @ !/2���m%�$2�� �	�5

;
	)1Z 9	�:CCT-PST @CCT-CCT �� *"�4 �>��� B	E�? 

�8� >34 .*"4 -5 -0+� 	5�;
	�)1Z -�5 �+�5�) 9	:���+/? 

PST !) �3K) 1� {�, 9���� 3C4	5 .!) �A
��5	C5 	�(C� �JG B�+�

 ;$� ��m;C� ���[	5 9	:�	5 A$�$S� !0�	  9	:2��3�o) >3�CC

 ;$� ;C�m���2!) !/3C4	5 .
 h	K
�o� ���+/? A
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�
�	o) A$5pcσ;$� @m;
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!) :���+/? -2 �+4 	�5 �3K) 1� {�, AF��G �l? �� B@35 BZ 9	


Q!CS) !`  -`5�� >34 ��� 3?� >��� !G3C2��� �!<@ �3�?@� 	�:

 !) B	E? �� V��$$j� !` �$Y 3:� .A<+2)�c(-�2 ��2 ���#G

 A$/&�pcσ-.$�8@ -�5 CCT !F.$�8 !�8� I+�< �	�  9���5 

)A$MC8 ([	�5 �
�	�o) �� @ f+\�) b
��4 �� 9pcσf+�.`) 

�U$? .V���$$j� 3�?@� O�$oW� A�
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��� 

��CF).1�2 � 7	8 -���� ,Z� m<	/��� 9/JI'31�2 1
' ,� �	�3�,'�1/	��5 �� �C! ����,� �  	� PST �CCT 

V	S5�) A$M?	$) �$$j� kKC) 9��1Z -0�� 
PST CCT 

�	  �5+\� �**�/���� ***cc��c� 

;$� m�	5 �***�/����� ***c/������� 

�5+\� *;$�m�	5 �*�/c�c ***�/�c���� 

*�** @*** :9�	)Z �+`8 �� ��� !CS) �e� �M?	$5 %$��� -5���@�/�!) 3R�� 3C4	5.

$E!).1�2 1
' H�� 9V��� 3�,' �9� n  1/	��5 �� �C�5 -�� o	�PST �CCT 

��CFb.1�2 � 7	8 -���� ,Z� 31�2 1
' H�f<	�� ,� �	�3�,'�1/	��5 �� �  	�PST �CCT (

C�;$� ;m��� 2!/)kPa(
�	/$� 

PST CCT 
�	  �5+\�)w/w(% 

�c a�/��� b�/��� 

�� b�/��a�/c�c 

;$� m�	5 )kPa(

�f�/��d�/��

�� e�/��d�/��� 

�� d�/c�c�/��� 

��� c�/��� c�/��� 

��� b�/��� b���� 

��� ac/��c a�/��c� 

m��	/$� �: 9��5 @ B+F8 �: �� A$M?	$) �FE)�$Y s@�X 	5 9	:�9�	)Z _`8 �� �!CS) spF � 3R�� 3?��� ���.

�+dW) b
��4 AF�� A$5)-5 fZ u@�  '2���� *$<� B�+�5 �
���	?

fZ (!) -?+/? B3$8� =	K4� -5 -P$F? �� @3?�+� 34	5 .3�?@� A�
�

 �5+\� ����%;$� �
�	o) @mv+UW) [	5 �	5 �+5 ��.

��7@30 �)': %
�^ �
�	o A$5 !MFU5pcσ;$� @m�	�5

 �8� >34 >��@Z .': %
��^ A
� !) B	E? #$? !MFU5 �� -�2 3C:�

 ;
	)1ZPST9+H -`5�� A$5 9��pcσ;$� @m���� �+0@ �	5.

y = 5.8962x
R2 = 0.7062**

0

500

1000

1500

2000

0 100 200 300
PST درآزمايش (kPa) تنش پيش تراكمي

 ( k
Pa

ي(
كم
را
شت

پي
ش
تن

C
C

Tش
ماي
آز
در

www.SID.ir



Arc
hi

ve
 o

f S
ID

� i�,' -��	.� ��	/���)1
' 1�23� i�,' (1/	��5 �� ��	6%�� 	� 7	8 	�... 

��� 

$E!b.1�2 1
' H�� 9V��� 3�,'�1�2 � � 3-���� �� �	� �<�� 	� (+%�(W%1/	��5 �,� 	� PST �CCT 

��CFY.\/,D ,/�	.� ���f%&�1�2 1
' H�� 31�2 � � ��,'3�	� 
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�^':!MFU5)r(
	  �5+\��)%w/w(

;
	)1ZPST ;
	)1ZCCT 

�c ��/���/�

�� ��/���/�

9I�%<,�> 

�m;
	)1Z ��PST %
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