
��������	 ���� 
�� �
������ ����� ����18����� � 36   ��!�	 � "���# �1403   

 

 

  

&�� '(�)( �������� *�+ �����,� '��-�.+ 
�� �� ����� �/���+ 

 

�0��� 1�2���1
13� ��("�45 �6��45 �2 � 
���� ��	��3*   
  

1- �����	�
 ��
� ��
��� ������ ���� ��������� ������ ��	
�
��
 � ��!� ����"�
 #
$% ��&'(
# � ��!�  

2- �
��
 � ��!� ����"�
 #
$% ��&'(
# � ��!� ��
� ��
��� ������ ���� 	��#�*�
  

3- �
��
 � ��!� ����"�
 #
$% ��&'(
# � ��!� ��
� ��
��� ������ ���� 	��'(
#  
  

* rouzbeh_dabiri@iaut.ac.ir  ::�;!� �1�!���   

  
  

:&����� 31/2/1402           :=��>#25/5/1402                                                                                             :�@�,� A�� �0��B#  

�1�CD  

,(��( ��#	�- .�# ��/�� ��������� � ������ ����� 0��$ 	#  �&(
�1 23�4 5���6�� $
 ��� 5��7�8- 0��9� 	# :�- ;�<� ="*>

�� �*���?� � ��� �@.�# .���1�#��% � B��	
 �,��� �,(��� ;	�C� D��� D�
�� ,�"
 	# ��#	�- ;$�� ��&'���$% 	# 2���$% E�F(
 � ,(��(

�� ;�		# .�<# ���
 �#	�>( .�# ,(��( ,��� D����( 0��� B%,(��( ,��� 5�"�'� D�3�1 .���1.�# ;�<,��3 	# �G�� ,1 �#	�>(�<; 

 ;$��$�1 ,(��( ;�	 �1 2���$% HI
�� �*'�1 	# ��
�-�� E�F(
 ���.�# �1��$	
 ;����	 #	�� 	# ;#�9*� 5�93�J� .#���(��( ��#	�- ,

.�# 5
�/
 �1��$	
 K�?L� 0�
  M�< ..�
 ,*@�� E�F(
 ��� ;#	�� ,93�J� N��
�1 ��	 ;��
�- �*���?� 5��7�8- ;�	 �1 ��#	�-

��  ��!� .���1,(��( ;�	 �1 O�?*P� Q�1 � ��'( 	�8L� ;	�'@ 5�'���$% E�F(
 �1.�# ;�<;$��$�1 � �#	�>( .�# 5
�/
 ����- ��#	�

,(��( .���P� �,(��( ;	�'@ .���?� �"
	�R ,1 ..�
 ��� ��	�1 �<;$��$�1 ;�< .�# �/
 	# ��� #��� ��#	�-20  �3
45  �7	#

�� 2<�
< V��6 0��9� 0�6 .�1�� ,(��( ;	�'@ .���?� #	�%�1 	�W�� ,1 �J-��X � �J- ������	 D�"L� �0���Y�
 �&*P!�

.�# 0�1 .���P� .!P( .��#�� E�F(
 �#	�>(1  �3
2 �� 	
�I O
 .���P� �1 �#	 	# � ���% .��1 .���?� Z��*( 0�1 �&*P!�< .�(���

,(��(.�# ;�< ;$��$�1 � �#	�>(�1 O�?*P� Q�1 2���$%	# ��� .��#�� ,93�J� ������	 D�"L� E�F(
 ����!P4 �Z��*( 0�
 N��
 �1 

,(��( [��*� 	�R ,1 �#	�- .�# ;�<4/12 ��9� ,J1
	 �"-
# :��J7
 ,��
$ 5
���]� ;
�1 �3� ,*@�� 2<�
 �7	#��( .��1 ;	
#�%.�  
                                                                                               

�E(�:
1�4� 
�� ;$��$�1 ,(��( ���	 :�-�"-
# :��J7
 ,��
$ �����!P4 ����

1- ���GH0�#  

 ��/�� �
 �� �1��$	
.�#,(��( ��#	�- ;�	 �1 :�- ;�<

 ������� �*� � ���(��� � ��� �@ ="*>� 5��7�8-

�%0��$ 	# �?�?L� 5���6�� $
 ��� ��< ������ �����

�� �������� � ^�>*(
 E� 3 ,1 ,_�� �1 `�6�� 0�
 .���1

 E�F(
 	�W�� ,1 :�- �9I
� ="*>� ;�<�*�
	�a b�L7

��
�R
�(�@ ,���1 � V���� ;�<�$�� `
�(
 ���� � �<

 ;	
���a D�!I $
 ="*>� 5���6�� �1��$	
 0��c�<

�(
�����$�� ��
�- ;�< `
�(
 � ��!�&( � D��� ;�<

;	
#�1#���� .��<
  ��� �< 5
�/
 $��1 �"
	�R ,1 .���1

.�#,(��( 	# �*� ��#	�-1 ;�< ,.�# �<�d �#	�>(

^��*_
�� ��ea�(C� D�
�� ,�"
 	# � ���1 �,(��� ;	�

�#��% � ��&'���$% ,1 ,(��( B��	
 � ,��� E�F(
 � ;$��

�� #�_� ,1 5
�/
 0�
 �2���$% ,(��( ,��� HI
� 	# .��%

.�#���
 �#	�>(��( 0��� B% 	# f�8- ,1 
e3 .���1

:�- #	��,(��( ,��� ,�� < � 5�"�'� ,1 ,_�� �1 ��<;�< 

.�#�1 2���$% HI
�� �*'�1 	# ��#	�>( ,(��( ;�	 ;�<

 .1�R	 � f�8>� �$� N��
 �1 :�- ��� ;$��$�1

�� E�F(
 �_	# �9�!R 5
�/
 �1��$	
 .3�� 0�
 	# #���

.�# �<
�- 	
#	�-�1 ;�*'�1 .��<
 $
 Z��*( 	# ��#	�-

.�# �"
	�J1 .#�1 2<�
 g��1 :�- ,(��( 	# ��#	�-

 �9I
� .���?� ,1 .!P( �% �*���?� ;�<�*�
	�a ��#�?�% �

��  �_	# �9�!R [�
�� 	#D�� K1�J� .##�� )1 V��3 �(

) �
	���< �19632�� ��P� 5
���]� ,7�"- 	�R ,1 (< ;�

 �	��� ,J?( ��9� �_�1 .3�� $
 
	 :�- ,(��( �� ,1 �#	
�

1  �	��� ,J?( ��9� ��&'���$% 	# ,(��( ��#��% ���$ ��9 

�#��( ,�
	
�� ��'( D�� 0�
 .�(
(�&4 ,
 �<# D�
�� ,

� ="*>�l�( �;	�Cl,(��� ;���l�#��% ��1� � ;$��

�� ;	�L� ,� 2���$% ��&*�# 	# ,(��( �#
#	
�I �(
��

 	�R ,1 �% �9�!R .3�� �1 ,P��?� 	# 
	 :�- 2�� ��P�

���c�a 2�� ��P� 	# ,_�� D1�I M�"*-
 � �<# ���]� ;


 ��'( �'�<$ ���1 �&*>�P� 5�� 	# :�- ;	
e�	�1

99  



��������	 ���� 
�� �
������ ����� ����18����� � 36   ��!�	 � "���# �1403   

 

 

Q�a �� .#	�% #�_�1 �&*>�P�  .3�� ;
�1 �&�# 5	�!� ,1

 �	��� ,J?( $
 2�� ��P� �:�- ;�_�11  D�� 0�
 K!R

�� ��*�� �&*>�P� Q�a ,1 � ���#�� `��� 	# #��

�3��.�# 5
�/
 �1 ,(��( ;
�1 ,
 $
 2�� ��P� ��#	�-

 �	��� ,J?(9 �� ,�
#
 �&*>�P� Q�a �� � `���.�1�� 

�� ,W��"� ,�(��4 ##�� .3���# 	# 2�� ��P� M�"*-


 ,*C�1 ��� ,.�# 5
�/
 D�3#�� ,_�� D1�I ��#	�- -

;$��$�1 ,(��( �� ;
�1 .���1 1 ��� , 	# ���]� D�3#

 ,"��� �� ,(��( 2�� ��P� M�"*-
 �:�- �9�!R ."��


 ,1 :�- ;�_	# � �9�!R .3�� ,1 .!P( �&*>�P�

�#
 �"�) #�1 �<
�- �*'�1 V�
��  ��
	���< �2019.(  

  

  
JC� 1. ����� JL(�� ��4� M�N ��!� �!��,�O��@ � 1@ P��N *�+ 
�Q�� &@�L �� 
��/ R�@�#�����) �2012 ( 

Fig. 1. Comparison of the stress path of all sampling stages with the in-situ condition of the soil by Ladd and Lamb 

(Kontopoulos, 2012). 
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Table 1. Anderson and Kolstad's qualitative assessment of the sample (Kontopoulos, 2012) 

����� &�G�� UV�   �� WX�Y M���voσ’   

A  < 1%  

B  1-2 %  

C  2-4 %  

D  4-8 %  

E  >8%   
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Table 2. Sample disturbance criteria based on volume change and sample void ratio in reconsolidation (Kontopoulos, 2012) 

Specimen Auality  Designation (SQD) 

(Terzaghi et al.1996) 

Δe/eo Criteria 

(Lunne et al. 1997) 

Volumetric Strain (%) SQD OCR = 1-2 OCR =2-4 
Rating 

<1 A Δe/eo Δe/eo 

1-2 B 0.04-0.07 <0.03 Very good to excellent 

2-4 C 0.07-0.14 0.03-0.05 Good to fair 

4-8 D >0.14 0.05-0.10 Poor 

>8 E  >0.10 Very poor 
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Fig. 2. The effects of disturbance on the stress-strain curve in the consolidation test results (Kontopoulos, 2012) 
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101  



��������	 ���� 
�� �
������ ����� ����18����� � 36   ��!�	 � "���# �1403   

 

 

 :�1Q3. ���*�+ 
1�� �  ��_�C�() �`� abc &���!L R��( �� ��� 
��� (��C��1952( 

Table 3. Classification of clay soils based on sensitivity according to Skempton et al. in 1952 (Skempton et al., 1952)  
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Table 4. Bowles’s classification for all types of soils in terms of sensitivity (Karina et al., 2010) 
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Table 5. Swedish and American classifications for soil types in terms of sensitivity (Karina et al., 2010) 
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Table 6. Classification of the Canadian Foundation Engineering Manual for all types of soils in terms of sensitivity 
(Karina et al., 2010)  

�,bc
1�� St 

0���a .���P� 2< 

[��*� .���P� 2-4 

�3�1 .���P� 4-8 

N�P� 	��P1 16> 

 
) �
	���< � v(��32015 .�7�- ,J1
	 ;�	 �1 ���93�J� (

N	 .���P�#	
�(�*�
 w�C( 2���$% ,F�*( � �<1  E�F(


�#
# w�C( �:�- .���P� 2�
 @
 �1 K�?L� 0�
 	# .�(


�� 2<�
 #	
�(�*�
�
	���< � ��PY"� .�1�� )2007 �1 (

5�'���$% $
 �#�C*�
  .���?� ��<�&'���$% � ��
�L7

�#��( ��	�1 
	 ,���	
 ,4��	# Da E�( 5�1��	 ���1(
 .�

 Z��*( $
 �#�C*�
 �1 5�1��	 .���P� K�?L� 0�
 	#

,(��( ;�	 �1 2���$%.�# ;�< ��� ;$��$�1 � �#	�>(

�1
�1 4  ��� ;$��$�1 Z��*( N��
�1 .���P� .!P( � �#�1

 2���$% Z��*( ,1 .!P(�
�L7�2
CPTu  	
�?� ��5   �(

                                                
1 Standard Penetration Test, SPT 

) �(
# � � ;$
�@
 ..�
 ��� Q	
 �2019 � ;$
�@
 � (

) �
	���<2019� (l�� ,1 ���93�Jl1 	�Wl�	�l �/
 �

.�# E�F(
 O�?*P� Q�1 2���$% Z��*( ;�	 �1 ��#	�-

2���$% K�?L� 0�
 	# �(#
# ,1 �<�&'���$% Q�1 ;�<

 #�91
15×30×30 �*(�� Z��*( � �*�2���$% �_�1 Q�1 ;�<

 #�91
 ,115×30×30  � �*� �*(��30×60×60 �*(�� �1 �*�

 ��<�'� Z��*( ,P��?� $
 � �� E�F(
 :�- ,(��( �� ;�	

 ;
	
# �_�1 Z��*( ,1 .!P( �<�&'���$% Z��*( ,
 ��#��

�� �*'�1 :��J7
 ,��
$ �3� �*�
 ����!P4��1 .��

N	 �C"*>� 5�_	# ��3�1 .���P� �1 ;�<��G�� �� $
 

2 Cone Penetration Test  

102  



��������	 ���� 
�� �
������ ����� ����18����� � 36   ��!�	 � "���# �1403   

 

 

#��a����P���  E�( ,1 �&�3 �� ��'( #�- $
  �( 
	 .��<#

,(��( .���?� �F�	�� 2�
 @
 ��G�� 0�
.�# ;�<#	�- �

�� ���$ 	��� �1) �
	���< � v(
� .���12017 �1 ,1�'�  (

�) �
	���< � o
	 K�?L2019 ,
 �(#�
 ���1 (

���$ ,1 ,*P1
� �����3��	 ����a �� �a����P��� 
 ,
 .�

O*P�� �G�� ,1 ����c�a #
�� $
 ;	��P1 	#����"
 ;�< ;

:�-�� ���# ,(
# �	 ;�< �
	���< � ���a Q�� .#��

)2005 .@��$�1 ���$ � .���?� 2<�
 �1 �/�� D�
�� (

 (�a����P��� � .���P� ;�<�*�
	�a ��9�) .���?�

:�-�#��( ,93�J� �
	�($�� ��*�
 	# 
	 ,(
# �	 ;�< .�(
 

2���$% � 5�93�J� $
 D7�� Z��*( ��'( ���% D�� ,1 ;�<

��:�- 0�
 ;
�1 ,
 �<#.�3�9@ �1 �*"�� ��	 ̀ �( $
 �<4 

.�# �/
 	# .���?� 2<�
 �O
 y�3��9� � �#�1 O
 ��#	�-

 �*!P( ���$ .�e� $
 sa  �( .���?� 0�
 $
 ;#��$ 	
�?�

�� �1��$�1 ��
< � ���3 .#��l) �
	���2011/
 (l �

.�#N	 ����L� 	�*@	 ;�	 �1 ��#	�- ����	# E�( ;�<

�#��( ,93�J� 
	 ��/�� �K�?L� 0�
 Z��*( K!R .�(


.�#�� ,_�� D1�I O��L� V�
�6 ;�	 ��#	�- .���1

) N�3�a�*(�
2012.�# ��/�� ( 	�'@ ;�	 �1 
	 ��#	�-

:�- O��L� 2�a O��L� 2�a � ;#�� ,*@�� O��L� ;�<

 ,93�J� ,*@���#��(.�(
 ) �
	���< � �#
 �"�2020 5
�/
 (

.�#:�- ,(��( ;�	 �1 
	 ��#	�- ��	 ���!P4 ;�<

�#�
 ,93�J�  ��!� ���	# .�(
 �$
�(
 $
 K�?L� 0�
��� ;

 2���$% Q�	 �1 DL� :�- ;�	 �1 ���1 z�� .���

�<�4 ��	# ��
�L75 �$
�(
 ;
�1 ..�
 ��� �#�C*�
 ;���

( 	# ���1 z�� .���,(��.�# ;�< $
 ��� ,��� �#	�>(

�'�- ���3
 �<�&'���$% Q�	  �( DL� :�-6  �#�1 	��1

.�# 5
�/
 D�3�1 ..�
 ���,(��( ,��� 	# ��#	�-;�< 

.�# �_	# [�
�� ,1 .!P( ���1 z�� .��� ��#	�>(

,(��( ;	
e�	�1 �1 0��c�< ..�
 ,*@�� 2<�
 .L� �<

 @
 ���1 z�� .��� ��_�1 �/�� 2���'>1 � ,*@�� 2�
 

.�# 5
�/
 $
 �1 �_�1 �/�� 2�� Me� ,1 n�1�� ��#	�-

�� �
�!_ ,(��( ;�	 5
�/
 D�3# ,1 0��3 � ##��

.�#.�# 	# �/�� D�
�� ���� $
 ���( ��#	�- ���#	�-

��( #�- ��
�L7 	
�?� ,1 ���1 z�� .��� 	
�?� .��	

) D�� 	# `�6�� 0�
3..�
 ��� �#
# ��'( ( '(�"
 ��

:�- ;
	
# ��
��
 �1�X B��� 	# HI
�  ��!� `��*� ;�<

                                                
3 Tixotropic 
4 Activity 
5 Down Hole Test, DHT 

�� �(	�� � �*"�� ���	 ���!P4 ,(
# �	w ����� .���1 �


D1�I 5�93�J� .�
:�- 5��7�8- ;�	 �1 ��_�� ;�<

 ="*>� ��??L� [���  ��!� ��� �*"�� � ��	 ���!P4

 ;#	�� ,93�J� E�F(
 ,1 ,_�� �1 ,
 .�
 ,*@�� E�F(


�?L�l� Kl�
 ;�	 �1 �6�l:�- 0� ,1 �<l �	��
 ;#	
�

��) �
	���< � �����< .##��2011 5��7�8- ;�	 �1 (

�#��( ,93�J�  ��!� ��	 �	�� ��� �@ � ���(���(
 	# .�

:�- 0�
 D�� ���]� � �*���?� 5��7�8- �K�?L� 0�
< �

2�� 	�*@	 �-2(�
 �% 5�'���$% $
 �#�C*�
 �1 �<

�<�&'���$%  0�
 $
 `�( ,� ..�
 ��� ��	�1 ��
�L7 �

:�-v(	 ,1  ��!� ��� 	# �< ;�*P
�- �  !� �#	$ ;�<

�� .@�� B��_ 	# .�(��7  � ��� �@ 5��7�8- ,7�"-

,(��( ;���-..�
 ��� ,�
	
  ��!� �	�� ;�<  � �#
 �"�

) �
	���<2019  ��!� �(	�� � ��	 5��7�8- ;�	 �1 (

 Z��*( $
 �#�C*�
 �1#	
�(�*�
 w�C( 2���$%7  ,�!� Q�	 �

����8� �!8�8 �#
# E�F(
 ���93�J�.�(
  ��	�a �
	���< �

)2022�	�� 5�"�'� ;�	 �1 ( :	�a 0�&( ,?J�� ;�<

�#��( ,93�J�  ��!� ���.�(
 

,(��( ,��� ,�� < � 5�"�'� ,1 ,_�� �1.�# ;�<#	�>( �

,(��( ,��� �I
�� �*'�1 	# ��� ;$��$�1 ;�< �2���$% H

.�# 5
�/
 �1��$	
 �<
�- .��<
  ��� Z��*( 	# ��#	�-

 .#�1 �6�� K�?L� 	#15 .�# ,(��((
 $
 �#	�>(l `
�

�	�� ,?J�� 	# ���?�?L� ������ ,(��� ,� $
 D7�� �<

,(��( ;�	�1 .��#�� ,���  ��!� ��� �
	
#$�� ;�
  ��<

�'( 	�8L� ;	�'@ .���?� � O�?*P� Q�1 5�'���$%� 

;$��$�1 .3�� �# 	#��� .�# � ..@�� E�F(
 �#	�>(

.�# 5
�/
 � ;	�'@ .���?� ;�<�*�
	�a ;�	 �1 ��#	�-

,(��( .���P� #�� 0��c�< � :�- ���1 #	�� �<

,(��( Z��*( 0�1 �&*P!�< ..�
 ,*@�� 	
�I �1��$	
< ;�

.�#;$��$�1 � �#	�>(	
�I ��	�1 #	�� 2>1 �< 	# ��� 

�1 � ,*@��  [1
�	 �J-��X � �J- ������	 D�"L� E�F(


,(��( Z��*( �1 O
��.�
 ��� ,93�J� 	�
e� ;�<.  
 

2- �Z@�V� ���� ���12� ���Z�  

D1�I 2>1B��� 	# HI
�  ��!� ��� :�- $
 ��_�� ^�X

:�- `�( $
 	�'
5��1�
 N	) �(	�� ;�<(	
# �� � ���1

�% ����-	 � B��� �7�8>� ��� 0�
 ��
�( �*'�1 	# �<

6 Bender Elelment, BE 
7 Standard Penetration Test, SPT 
8 Artificial Neural Network, ANN 

103  



��������	 ���� 
�� �
������ ����� ����18����� � 36   ��!�	 � "���# �1403   

 

 

�� ��<�'� D1�I �I�� B��� 0�
 D��'� ���$ .���1

�	���
	�# ,1 �<0��$ ;�< 0���"a � 0���� �����

�� n�1���	�� �*'�1 .##�� �*P1 ,1 K"9*�  ��!� ;�<

�� ,'��X�10��$ �W( $
 .����11 ,'��X�1 �*P1 ������ 0�

 � ���3�1  ��I �*P1�<�� 5�1��	 �($�� ,1 K"9*� 	
#

�� 	
�I 0���"a B��_ 	# .�(���8 ,��4 ��*� �����

�	�� ..�
 ��� �#
# ��'(  ��!� ,?J��D�3# ,1  ��!� ;�< 

0��$ 5�
��0��$ E�� �
	�# ;��*(
 	# �*-�� ������

0�4 	�4#���#�� #�9*� 2"P� � ��#	�- �����<) �(


 ��
	���< �2011() �
	���< � ;���
 [��� .1993 (

�	�� ;�	 �1 ;#�9*� 5�93�J�..�
 ,*@�� E�F(
 �<  

  
 

  
 JC�3. �	(1�( ���� e�� &5�� �!��,�  ��� =�� ^���� �� �0�+  ��@( =�� �� W�C2N 	( 1Z� � ��@�( �1� 
��/ � ��("�45) ���D

 � (��C��2020.( 

Fig. 3. Comparison of the measured shear wave velocity of the initial and after consolidation by bending element with 

the results of the down Hole test (Alizadeh et al., 2020). 
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Table 7. Summary of physical and yeast characteristics of Tabriz Marl (Hooshmand et al., 2011) 
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Table 8. Stratigraphic column of Tabriz region( Hooshmand et al., 2012) 
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Fig. 4. The location of the drilled boreholes on the geological map of Tabriz city 
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Fig. 5. General view of the location of one of the drilled boreholes in Marzdaran Allay, Tabriz city 
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Fig. 6. a) Failured samples of yellow, green and gray marl and b) unconfined compression apparatus 
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Table 9. The program of the main experiments of the present study 
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Table 10. Statistic descriptive of marl specimen properties, Marzdaran allay of Tabriz city. 

*�+ '�.[0� JY(1L  �k�(1L ��H���� ���Z� l(�2�( 

 �G�� �3�&4 Gs 60/2  88/2  70/2  069/0  

N	 5
	w �7	# C (%)  75 96 86 10/6  

 H��� �� LL (%)   38 74 53 86/11  

 ,*�P�*��"a p-�� PI (%) 9 34 21 10/9  

�9�!R f�8>� �$� γ(gr/cm3)  84/1  99/1  91/1  80/0  

 �9�!R .1�R	 wn (%) 74/24  95/36  55/29  97/4  

 �9�!R D>">� .!P( eo  705/0  05/1  869/0  157/0  
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Fig. 7. Stress-strain diagram of uniaxial compression tests of remolded and undisturbed specimens  
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Table 11. Regression relationships of the disturbance effects of remolding of marl specimens in order to estimate 
undisturbed compression strength 

�@��Z� ����� '�@��Z�  RMSE 2R CR 

1 5.338-) u= 7.873 ln(q upq 0478/0 881/0 002/1 

2 1.522 u= 0.665 q upq 0441/0 905/0 001/1 

3 2.844- u= 2.101 q upq 0451/0 894/0 002/1 

4 0.407 qu= 1.086 e upq 0422/0 911/0 001/1 

  

  
 JC�8. a(  �  ����/� P+b( ����[� &�� 
��0� &���,� ���]�� �V�(� ����d� �(����  

Fig. 8. a) regression line and b) diagram of best equation in order to estimate undisturbed compression strength 
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Table 12. Sensivity ratio of specimens  
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Fig. 9. a) regression line and b) diagram of best equation in order to estimate sensivity of specimen 
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Table 13. Sumary of direct shear strength of marl specimens, Tabriz’s Marzdaran Allay 
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2 72/0  15 64/0  3/13  
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1 76/0  3/16  67/0  5/16  

2 80/0  1/13  71/0  6/17  
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2 95/0  16 81/0  7/16  
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Table 14. Regression relationships of disturbance effects of marl specimens in order to estimate the cohesion strength 

of direct shear test 

�@��Z� ����� ��Z��@  RMSE R2 CR 

1 Ccu = 0.956 ln(Cu) +1.147 0107/0  9893/0  1 

2 Ccu = 1.220 Cu
1.184 0073/0  9953/0  1 

3 Ccu = 2.101 Cu – 0.153 0073/0  9944/0  999/0  

4 Ccu = 0.245 e1.684Cu 0064/0  9965/0  002/1  

  

  
      JC�10 .a(  �  ����/� P+b(  �10� �0C�	 ����� W�C2N �/1�b!D ���]�� �V�(� ����d� �(���� 

Fig. 10. a) Regression line and b) diagram of best equation in order to estimate of consolidated undrained cohesion 
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	��	�� � ����[� &�� 
�� W�,�!� =�� M���	] �� �1�  

Fig. 11. Linear regression with weak correlation between friction angle tangent of undisturbed and remolded specimens 

in direct shear test 
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Fig. 12. Mohr-Coulomb strenght line of undisturbed and remolded of Tabriz marl specimens 
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Abstract 
One of the challenging subjects in geological and geotechnical engineering is the effects of soil specimen 

disturbance in order to determine several physical and strenght characteristics. Disturbance occurs in all 

stages, including drilling the borehole, preparing, transporting and conducting tests in the laboratory. 

Practically, it is impossible to prepare an ideal undisturbed sample. Due to the difficulties of preparing 

undisturbed samples, especially in soil layers, the tests are mostly performed on the remolded samples. 

Several studies have been conducted on the methods of evaluating sample disturbance. The target of 

this study was to evaluate the effects of disturbance on the strenght properties of clay soils as case study 

of Tabriz city. By conducting uniaxial compressive and direct shear tests on undisturbed and remolded 

samples, the effects of disturbance and sensitivity of the samples were investigated. Generally, the 

compressive strength of remolded samples decreases due to disturbance. In addition to determining 

Spearman's correlation coefficient, linear and non-linear regression analysis were performed in order to 

estimate the compressive strength of the undisturbed sample. By determining the sensitivity ratio, the 

sensitivity of samples is low. Correlation between the strength of undisturbed and remolded samples in 

direct shear test, including cohesion and internal friction angle, was studied by performing regression 

analysis. 
 

Keywords: Clayey soil, Remolded specimen, Cohesion, Internal friction 

Introduction 
One of the challenging topics in geological and 

geotechnical engineering is the evaluation 

disturbance of soil and rock specimens. In 

general, the occurrence of disturbance effects 

is inevitable even in apparently undisturbed 

specimens. These effects occur in all stages of 

drilling a borehole, preparing and sending 

samples to the laboratory, and preparing and 

conducting tests. In soils, due to the difficulties 

and cost of preparing undisturbed specimens, 

mostly the tests are performed on remolded 

specimens with natural on-site unit weight and 

moisture. In this case, the evaluation of the 

effects of remolding in the results will be more 

important. In general, the effects of disturbance 

in the soil specimens cause a decrease in it’s 

strenght parameters compared to the on-site 

conditions and the natural state. Due to the 

effects of disturbance, there are significant 

changes in the path of the stress applied to the 

sample compared to the on-site condition of the 

soil. This difference will be much greater for a 

remolded sample due to the change in the 

natural skeleton of the soil. In general, studied 

researchs on the evaluation of the effects of soil 

disturbance has been carried out based on the 

test and comparison of different soil properties 

in situ and laboratory conditions, or 

undistuerbed and disturbed or remolded 

specimens. The disturbance of the specimens 

for the normal consolidated clay causes more 

curvature in the compression curve in the 

consolidation test results and the compression 

index is reducted of compared to the in-situ 

state. The effects of disturbance also reduce 

uniaxial compressive strength.One of the 

parameters related to the effects of disturbance 

in cohesive soils is the sensitivity ratio. The 

greater this ratio, the more sensitive the soil 

will be to the effects of disturbance. The 

classification of soils in terms of sensitivity is 

provided by various references such as 

Skempton et al. (1952) and the Canadian 
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Engineering Manual. The metropolis of Tabriz, 

located in the northwest of Iran, has diverse 

fine-grained cohesive clayey, silty marl soils. 

Significant studies on the properties of 

cohesive clayey soils in Tabriz city have been 

conducted by various researchers such as: 

Hoshmand et al. (2012) and Alizadeh et al. 

(2019). In this present study, by drilling three 

machine boreholes in Koe-Marzdaran of 

Tabriz city and prepareing samples, the effects 

of disturbance on the compresive and shear 

strength parameters of the soil as well as the 

sensitivity ratio of the samples have been 

evaluated and regression relationships have 

been developed. 

 

Material and methods 
The clayey marl soils have spread in Tabriz 

city, located in the northwest of Iran. The age 

of these marls is related to the Miocene and 

Pliocene geological eras. Most marls of Tabriz 

belong to Baghmisheh bed. Geologically, the 

Baghmisheh bed is placed between the upper 

red bed and the fish bed belonging to the 

Pliocene. In order to obtain undisturbed 

specimens, three boreholes were drilled in 

Koe-Marzdaran area of Tabriz city. The fifteen 

shellby samples from different depths were 

prepared and carefully transported to the 

laboratory. In the site of the present study, 

yellow clayey marls are outcropped and green 

marl is gradually observed in depth, and then 

gray and dark marl is observed at more depths. 

On the prepared samples, firstly, the unit 

weight, natural moisture, specific gravity and 

the Etterberg limits were determined. In the 

following, the unconfined compressive 

strength tests were performed on the 

undisturbed samples. Then, the tests were 

repeated on the remolded sample with natural 

moisture percentage and unit weght. Thus, the 

effects of disturbance due to the remolding of 
the specimens on the compressive strength 

were studied. The sensitivity ratio of the 

samples was also investigated.  

To perform the direct shear strength test on the 

undisturbed samples, the samples were 

prepared from the shellby samples as for 

internal dimensions of the shear box mold. To 

prepare the remolded specimens, according to 

the internal volume of the compaction mold 

and carrying out weight and volume 

calculations, the soil was compacted inside the 

compaction mold with the on-site natural unit 

weight and moisture content. A compaction 

mold with larger dimensions than a shear box 

was used. After compaction, the sample is cut 

to the dimensions of inside the shear box and 

placed inside. In this way, the effects of 

disturbance caused by sample remolding on the 

parameters of shear strength including 

cohesion and friction angle of the samples were 

studied. 

 

Results and discussions 
1- Unconfined Compressive Test 
Based on the physical and plasticity 

characteristics of the samples and the unified 

classification method, the specimens are 

classified as MH, CL, CH and ML. 

In general, the uniaxial compressive strength of 

gray marl samples was higher than other 

samples. The compressive strength of the 

remolded samples were reduced compared to 

the undisturbed samples. Spearman's 

correlation coefficient between the 

compressive strength results of undisturbed 

and remolded samples was significant. By 

performing regression analysis, the best 

relationship for applying the effects of 

disturbance due to sample remolding for the 

soils in the study area in Tabriz city were an 

exponential relationship with a significant 

determination coefficient (R2=0.9112) and  

insignificant root mean square error (RMSE = 

0.0422). 

The ratio of soil sensitivity for the samples is 

between 1 and 2, which are in the category of 

slightly sensitive clays. By performing the test 

on the remolded sample and according to the 

proposed relationship for the compressive 

strength, the sensitivity ratio of the sample can 

also be estimated. 

 

2- Direct Shear Test 
In the direct shear tests the cohession for all 

remolded samples compared to the undisturbed 

samples has decreased. The Spearman’s 

correlation coefficient between the mentioned 

results is obtained with the precision of three 

decimal accuracy equal to the one, which 

indicated a high correlation between the 

results. By performing regression analysis, the 

exponential relationship was obtained in the 

study site in Tabriz city.The friction angle has 

decreased for the remolded yellow marl 

sample, but increased for other samples.This, 

similar to results have been reported in the 

direct shear test by other researchers including. 

This issue can be related to the concept of how 
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to failure of sample in a horizontal imposed 

plane in the direct shear box. In addition, the 

method of remolding of the sample and it’s 

compaction can cause a significant difference 

in the friction between the particls in the 

remolded state compared to the undisturbed 

sample. Therefore, for the results of the friction 

angle of the samples, a weak correlation 

coefficient was obtained and the significant 

relationship is not obtained from the regression 

analysis. 

 

Conclusion 
The uniaxial compressive strength of the 

remolded clayey samples obtained from marl 

in the study site in Tabriz city were reduced by 

(20 to 45) percentage compared to the 

undisturbed samples. The correlation 

coefficient between the results was significant 

and the best regression was suggested. 

Because of problems of an undisturbed sample 

preparing, the tests can be easily performed on 

the remolded samples.Therefore, the 

compressive strength of the undisturbed 

samples can be estimated by using the 

proposed relationship.The soil sensitivity ratio 

for the samples was between 1 and 2. 

Therefore, based on the existing classification, 

the clayey soils obtained from marl in the study 

site in Tabriz city were classified as low-

sensitivity clays. Also, according to the 

proposed relationship for the compressive 

strength of the undisturbed sample, the 

sensitivity ratio can also be estimated. The 

cohession of all remolded samples have 

decreased compared to undisturbed samples. 

Spearman’s correlation coefficient between the 

results was high. Between the results of 

cohession strength for undisturbed and 

remolded samples, the exponential relationship 

has the best statistical coefficients.The internal 

friction angle of the remolded samples for 

yellow marl has decreased compared to 

undisturbed samples, but it has increased for 

other samples. The increase in the friction 

angle of the remolded samples in the direct 

shear test has also been reported by other 

researchers, including. This issue can be 

related to the concept of how to failure in a 

horizontal imposed plane in the direct shear 

box. The method of remolding the sample and 

compacting the soil in layers and creating a 

friction surface different from the natural 

friction of the soil particles can also be 

effective. While the cohession properties of 

clayey soils depend more on the inherent 
properties of the particles, therefore, it is less 

affected by the shearing surface and the sample 

remolding method. From the regression 

analysis, no suitable statistical coefficients 

were obtained for the results of the internal 

friction angle.The occurrence of remolding in 

the process of preparing various types of soil 

samples is an inevitable phenomenon. Mostly, 

testing is done on remolding soil samples. As a 

result, the disturbance of the effects of 

remolding will be more important. In the 

remolded samples, the structure of the particles 

formed during a long process such as 

sedimentation will not be able to be 

regenerated. Finally, it will be necessary to 

consider the subject of investigating and 

applying the effects of disturbence in the 

selection of design parameters of structure 

foundations and also in the design of other 

earthen structures. Considering the diversity of 

clayey soils, it is recommended to conduct 

more tests on different types of clayey soils in 

different regions, in order to validate and 

develop the proposed relationships in this 

research. 
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