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1F$� 1; 1��-� /�>  -� 1C$� ��
�� )1/77 
,�� (�� 

I$� CL ��
"�; �!J�� LM� 1���
!M �; N��  -� I$� 

/�> Q!� �	��; 
" .��9� 1���N
�;  -� I$� /�> �� 

c�" 17 1j��� �
" *	�.  
  

4 -1 - ]�PJ�/� �.��.5�^M � ��(�1���# ]����� 

 T-���N�M �M���-��� �!h� 1����N
�; �1A!6��� ��
� 

�u�;��� \�; �)!8A6 T-��� 1	N�$9 � )!�9� �; 

N�� /�> c,�� �� 1�����M � T-��� ?$@� ���
��A	� �; 

7<H ���
��A	�ASTM D1586   (ASTM 2008)� �� T!; 

�� 100 �1��� �� 1C$� �;$	� ���D #�f�� �
" *	� .

c�" 3 *!+]$ 1����N�M N��@� �
" �� 1C$� �;$	� 

���D �� ���� �
M�. R-�A� 1!%D �$��N�M 

�M���-��� #�f�� �
" �; N�� /�> c,�� �� 1�����M � 

)M !�= R-�A� T-��� SPT �� 4�
F 1 �
� *	� .

�
M�� ��$" 1D t	$A ��
�<6= c,�� �� T-��� 

1	N�$9 �<-�8� 5/2 �;��; ��
8 �� �� T-��� \�; 

)!8A6 �
"�; .q�A>� ��
�<6= �� �� T-��� 1; 

c!k� �!J�� ���( 1�M1��F �
"�; .���( 1�M1<��F �� 

T-��� 1	N�$9 o��; T-�Q(� N�M�A���2 *��8 

�"�; ��$" )�k��Dc,� � �������M 2019 .(t	$A 

1-��� /��:,� �%>�� �� T-���N�M \�; )!8A6 � 

1	N�$9 ))!�9� 1A(�- ���M� �
" )CD(( 1; X!��� 

9/20 � 5/4 �
"�; .�-��8 X-�C )!�9� � _>�" 

#�$� Q!� 1; X!��� �;��; �; 19/0 � 023/0 �
�"�; 

)4�
F 1 .(�	��; R-�A� c,�� �� 1����N�M N��@� �
" 

���� �
M� 1D U�	��; 18<HN
�; 
-�@!�$- /�> }�<k�~ 

�� I$� CL �
"�; )4�
F 2 .(  
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R.� 1. 7�P_�� ����1�� ��O= �%� �� �@�= �����  ����  

  

`�%a 1 .b�0�5 c,���� "��� � �1%��(�# ]��0�d, �.��.5�^M +�, �@�=  ����  

 
  

�; 1F$� 1; 1���N
�; �O�;$	� *(�; /�> )*(�; 1���Q-�(� 

7�� ��-� E� )T!; �� 15 �A (� *!+C� )D��� O�;$	� 

) !���! �
� ?$@� ���
��A	� �;��; �; 23(� 4��A�� ��
>� 

�-������� ��  -� O�;$	�  !-�2 *	� . -��;��; 1C$� 

�;$	� ��" ���D }��
�� �� O�;$	� 1���Q-� �	� � �A%!	 

�
!"$2 �
" �  -� *(�; �� y���� 1��� ���� .)M !�= 

1kQk�Q!> ��$; 18:� Q!� ��- �� c�$� )� �J$ �� 

�-������� *	� .�� I$�f �; 1F$� 1; t-��" 1���Q-� ��$; 

/�> � 7�� ��-� |:	 �;�A6-� ���$� *@� 1D ��
>� 

�-�������  !-�2 *	� .N�-��P� �� *!+C� �
� ?$@� 

���
��A	� �� y���� 6� 10 � 16 N�A �� 4��"� 4 �� 6 1j��� 

�
" *	�. )M�	��;  !�= R-�A� T-��� XRD �; N�� 

1�$���M ���� �
M� 1D ���D �	� ��  -� 1C$� }�<k�~ �� 

I$� *!%-� �
"�; )c�" 7.( c�" 8 Q!� �-$P� 

�2$�	��! �� ���D *!%-� �� ���� �
M�.  

  

���(��# e�@�5 �� ���(��#  ��C���� ����� %� 
f(�A�( 

��(%����( 
 

R_(%= �g�(%= 

LL (%) 
� �����  38,3 34 31 58/7  15 68 

PI (%) _>�" N�!�>  14,7 14 12 91/5  2 40 

N(SPT) �
� ?$@� ���
��A	�  23,13 21 19 13/9  4 62 

Passing Mesh 200 
,�� N�$<� �� Lk� 200  89,2 94 99 43/13  12 10 

ω (%) *;$H� 1�!�;  20,1 50/20  24 36/6  3 50/39  

γb �k��= N�M��  1,84 85/1  91/1  136/0  33/1  34/2  

γd 
�k��= L�>  1,54 54/1  49/1  103/0  21/1  88/1  

ΦD 
1-��� /��:,� �%>�� �� T-��� \�; )!8A6  86/20  20/23  28 807/0  00/0  34 

CD ��
�<6= �� T-��� \�; )!8A6  20/0  05/0  02/0  199/0  00/0  66/0  

ΦT 1-��� /��:,� �%>�� �� T-��� 1	 N�$9  50/4  60/3  2 291/3  00/0  16 

CT ��
�<6= �� T-��� 1	 N�$9  48/0  42/0  40/0  194/0  13/0  98/0  

CC X-�C )D��� �� T-��� )!�9�  19/0  189/0  149/0  079/0  00/0  53/0  

CS X-�C )!�9� �� T-��� )!�9�  023/0  022/0  013/0  012/0  001/0  104/0  
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`�%a 2 .T�	�5 ��(�(�� � %0�� ��(�(�� �� �82h%�� %��O���� )USCS(  

USCS ������(  
,�� ������(  
,�� ������( �<A+  

CH 146 5/4  9/4  

CL 2500 1/77  5/84  

CL-ML 144 4/4  9/4  

GC 5 2/0  2/0  

GC-GM 1 0/0  0/0  

GM 4 1/0  1/0  

MH 12 4/0  4/0  

ML 77 4/2  6/2  

SC 21 6/0  7/0  

SC-SM 12 4/0  4/0  

SM 33 0/1  1/1  

SP 2 1/0  1/0  

SP-SM 2 1/0  1/0  

SW-SM 1 0/0  0/0  

Total 2960 3/91  100 

 

  
R.� 2. ���d5 	( 7�P@� �%& i�O� ��(%����( �� j�& 6  

  

4 -2 - �/�(�  ��� ���(	 +�./0( �-,(� � �1%�2!3 

�� SPT  �� 9��  ����1� ����  

1; �$h� 1j��� �:;��� N��; 1<	�9 1-��� /��:,� �%>�� 

� ��
�<6= /�> U� �; 1A!6!A	�2 )D )CL( �� 1C$� 

�A(�;� ����D �� R-�A� �$��N�M \�; )!8A6 � ?$@� 

���
��A	� ���@A	� 
" .�	��;N�M O�$, 1A(�� �; N�� 

194 ���� ���� �
M� 1D S�<��� ��!8A6 ��! 1-��� 

/��:,� �%>�� /�> � ��
�<6= �; �
� ?$@� ���
��A	� 

�$F� ���� .�� c�" 9 S�<��� ��! 1-��� /��:,� �%>�� � 

��
�<6= �; �
� ?$@� ���
��A	� ��,� �
" U�	��; R-�A� 

T-��� \�; )!8A6 ���� ���� �
" *	�.  

�; U�	� c�" 9� 1:;�� �
� ?$@� ���
��A	� �; 1-��� /��:,� 

�%>�� � ��
�<6= 7;�: �-� �
"�; :  

600.83 1.24Nϕ = +                                )1(  

600.010 0.004C N= −                              )2(    

��  -� t;��� N60 �
� ?$@� ��,� ��
" ϕ 1-��� /��:,� 

�%>�� �; X6� 1F�� � C ��
�<6= /�> �; X6�  
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Kg/Cm
2 �
"�; .��
8 N60 ��  -� t;��� �; ���@A	� �� 

1:;�� 3 ��,� 
" )�$6��;� � ��!( 1996(:  

��� = ���� ∗ 	
 ∗ 	� ∗ 	� ∗ 	�            )3(  

�� 1:;�� 3� CB �
� ���,� N��; �:] �1���� CE �
� 

���,� N��; Nb��� �T�= CS �
� ���,� N��; t-��" 

1�$���!� � CR �p�
 ,�p��� N��; 4$H p1%! �pN��@ 

�
�"�; .I�$�� 1:;�� 1-��� /��:,� � ��
�<6= �; U�	� 

N60 �� 4�
F 3 1j��� �
" *	� .N�M��!+ N��� �� 1%�F 

|:	 ��+�N��� X-�C � !!+� N�:> ��rf  !���! 

O�+;� (RMSE) � ����  !;��� �$6��� N��; �;�-��� t;��� 

���@A	� 
�
".RMSE  � X-�C  !!+� �$:; ���A6� t	$� 

 !889 s%A` N��; �;�-��� t;��� �;�f� ���@A	� �
" 

*	� )N��P�� � ���"�M 2017l #
8 � �������M 2018l 

��M�"N��;� � �������M 2019l N��
!] � �������M 2020l 

���"�D � �������M 2019 .(  

  

  
R.� 3. ���d5 	( 7�P@� �%& i�O� ��(%����( �� j�&  10  

  
R.� 4. ���d5 	( 7�P@� �%& i�O� ��(%����( �� j�& 16 ���
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R.� 5. �����( 	( [���� Y���	:XRD  ������ ���  

  

  
R.� 6. ���d5 SEM ���� 7�-�(

 

    
R.� 9. k�25�(  ��� �1%�2!3 � ���(	 +�./0( �-,(� �� �%& i�O� ��(%����( 
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��
8 |:	 ��+N��� )P-value( c,�� �� ANOVA 

)�$�� Q!k��� w��-��� (������ X	�� ��$; \���;  !; 

N�M�!&A c8A6 � 1A6;�� �
"�; .��� ��
8 	p|: 

��+N��� �A�D �� 5 
,�� 
"�; ������  -� *	� 1D $�k� 

X	�� � �
����; ���� �
"�;.   

��- ��-� �� O�C��@ ��$!	��� c8A6 ��$; �M�:> �� 

��-
�- *	� )�M�:> ���M O��@�  !; �-��8 �+]�� � 

�-��8 T!2��!; �
" t	$� 1k��+ �$!	��� 
�A6M (.�� 

���$, 1D �M�:> �; ��-
�- ��A6<�M 1A"�� �
�"�; ���� 

���@A	� �� �$!	��� �$F� ���
� .1; �$h� �	��; 4�8A	� 

�M�:> �� ��-
�- �� ��$�� 1; #�� �$��  !;���  �$6��� 

)Durbin- Watson( ���@A	� � �$"  .��
8  -� ���� 
-�; 

 !; 5/1 �� 2 
"�; .�� �f�-� ��
8  -� ���� ���� �
M� 

1D 4�8A	� �M�:> �� ��-
�- �$F� ���� � ���� ���@A	� �� 

1:;�� �:> �$F� ���� )4�
F 3.(  

��Q! RMSE � X-�C  !!+� S$;� 1; 1:;�� ��
�<6= � 

1-��� /��:,� �%>�� ���
��N�!� �
" �  !�`���� �
" 

�� c�" 10 �
� *	� .�
M�� ��$" 1D N�:> S$;� 

1;  �-��8 ��
�<6= ���
M�� � ���
��N�!� �
" ��!6; 

)D )�A�D �� 05/0 (�
"�; .1;  -� ��+ 1D ����  !�`� 

��
�<6= �; U�	� �
� ?$@� ��
��A	� N���� *]� T!;N�� 

*<6� 1;  !�`� 1-��� /��:,� �%>�� �; U�	�  -� 

�A���2 �
"�;. �>�; �� 1:;��� S$;� 1; �	��;N�M  !�!2 

N��;  !!+� N�M�A���2 *��8 �"�; �; ���@A	� �� ��
�<6= � 

1-��� /��:,� �� 4�
F 4 1j��� �
" *	� .��  -� 7!89� �-��8 

��
�<6= � 1-��� /��:,� �%>�� �; ���@A	� ��  -� t;��� 

)�$F$ �� 4�
F 4 (1<	�9 
" � �; �-��8 ���
��N�!� �
" 

7!89� �C�� 16-�8 
" .R-�A�  -� �	��; �� c�" 11 �
� 

*	�. 16-�8 R-�A� c,�� �� t;��� 1 � 2 �; t;��� ��-�  !889 

���� �
M� 1D 1:;�� 1j��� �
" t	$� �$�9 )2013(  -�A�; 

N�����	 �� �; �-��8 7!89� �C�� ���� .�
M�� ��$" 

1D  -�A�; 1:;�� �-��8 ���
��N�!� �
" �  !�`���� �
" 

�� I$� �:> � N���� N�����	 �<-�8� �:	$A �
"�; 

)c�" 11  .( -�A�; y�<:�� )U�	��; c�" 11 (�  -��^�; 

*]� )�; U�	� c�" 10 (S$;� 1; ��
�<6= ���
��N�!� 

�
" �  !�`���� �
" �
"�; 1D ���� p�
M� �� 

/�>N�M 1���Q-� ��A6<�M �
� ?$@� �; ��
�<6= T!;�� 

�� 1:;�� �� �; 1-��� /��:,� �%>�� �
"�; . -� 1;  -� 

��+ �
"�; 1D O�!,$P> �A��8 /�> 1���Q-� T!;�� 

t	$� ��
�<6= ���M 4�A�D ��$" .  

  

`�%a 3. ����: ������ � �!5(� e/� ��P��(� � l��@ ���P5 k���� �� K(��( m�(�� �1%�2!3 � ���(	 +�./0( �� '��(  N60    

K(��( �/�(� ���(	 +�./0( �� 

'��( N60  

 

R2 P-value 

Durbin- 

Watson 
K(��( �/�(� �1%�2!3 

�� '��( N60 
R2 P-value 

Durbin-

Watson 

�/, 0.622 0.00 1.52 �:> 0.722 0.00 1.63 

������CJ 0.605 0.00  ��A-���k 0.693 0.00  

%�3 �-�a ( �a�� ��  0.625 0.00 
�= 1%�F N� 1F�� ��  0.723 0.00 

��(�5 0.559 0.00 ���$� 0.69 0.00 

T��5 �����  0.562 0.00 x;�� �-���  0.681 0.00 

  

    
R.� 7. k�25�( ����8� ���45 ��	 �%� m��5  ����1� ���� �� ����8� �	(%�( ��1 �%� �� ��C6���	: 
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`�%a 4 .�/�(�� k���� �� ����� �� ��6�# (�� ���P5 �����(��# 7���8� ���� �� ���O��( 	( �1%�2!3 � ���(	 +�./0( 

m�(�� �^(�( �%�  Ta(�� K�� +�,  

φ =27.1+0.3NF -0.00054�
�
 sk� )1989 (  

/�>N�M 1	� N� 
φ =0.70N60+18 �<Af � ������M )2017 (  

φ =�0.3�  +27 L2 � ������M )1953(  

C = 0.014 N60 – 0.18 �$�9 )2013 (  
 /�>N�M U� �A%!	 �; 1	�  

φ = 0.209 N60 + 19.68 �$�9 )2013 (  
 

 

  

  

R.� 11. �!��8� ����8� �	(%�(��1 �%� � ���45��	 %�� �� m�(�� R0�= 	( j�8A5 �@�= � ]�8�8A5 ��6�#   

 

138 



��������	 ���� �� ������� ����� ����14����� � 28  ��!�	 � "���# �99  

 

4-3 - �/�(�  ��� ���(	 +�./0( �-,(� � �1%�2!3 

�� SPT �� ���O��( 	( �.2� �2d& �&��d� 

1�<" �<P� ��$�P �$:; ���A6� t	$� 7!89 

s%A` �� �	
�� L!���$jb ���@A	� �
" *	� )�]�	 

� �������M 2019l w�"���!A"� � �N�!� 2018l 

N
<� � ��	�]�N$�M� 1398l T!F�� ��$D � 

�������M 2013l N$C� � �������M 1389� ��!�� � 

�������M 2019 � �!����A	� � �������M 2018 .( 

�� 7!89� ��C�� ��Q��2 1-^ ����2 �� 1�<" �<P� 

��$�P 1�!�; ,��pc 
" 1D ;pN�� >�	p A p4
 

w2���A�� N��; �M ��$ )1-��� /��:,� �%>�� �- 

��
�<6= (���@A	� 
" . -�A�; 1�<" �� �h� 1A(�� 

�
" c�" ��Q��2 1-^ ����2 �; L- N���� )��+- SPT-

N60 (� L- �F��> )1-��� /��:,� �%>�� �- 

��
�<6= (*	� .1�<" 
�= 1-^ ��$ ���@A	� ��  -� 

1+k�: �� I$� w2 ���A�� �; )A-�$�k� \�$� u�<�$k - 

O�$D��1 E�`A�� 
". N��; N�!�$%F �� O��J� �@� 

�-��8 ��!6; u�Q; �- ��!6; L=$D N�M�!&A N���� �; 

��� �1�<" �
A;� #��� ����N�M N���� �; ���@A	� �� 

1k��+ 4 4���N��	 �
�
" 1; N�$H 1D  !; 1 - �� 1 

���] � �
��!�  

min

max min

2( ) 1
i

X X
X

X X

−
= −

−                              
*]� N�M�!&A  !�`� ��� �
" �; ���@A	� �� 1�<" 

�<P� ��$�P 1�!�; �; 1<	�9 _>�"N�M R
2 � 

RMSE 1D 1; ��" �-� 1<	�9 ���$" �;�-��� ��$".  

2

2
1

1
(y )

n

i

RMSE y
s n =

′= −∑                                    

1D �� 1:;�� 5� y N�M�!&A ���
�� N�!� ��
"y′ ��
8 

�����; �
" t	$� 1k��+ �4
 n ��
+� cD �����M � 2
s

w��-��� 1�$�� �
"�;.  

cD �����M 1; ��$�� N���� 1; 1�<" 1; 1	 1�$�f 

c�" ����N�M �\�$� T-��� � *9,�f�	 )!68� 

�
�$" .�� 1�$�f �"�$� N��; \�$� )A-�$�k� � 

*	
; ����� �-��8 7!]� ����M N��; R-�A� E$%: 

���@A	� 
" .�� 1�$�f �f�	��<A�� N��; ���!�H� �� 

#
� ��A6;�� ��-� 1�<" 1; 1�$�f ����N�M \�$� 

���@A	� 
" 1D �� 
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Abstract 
 In this study, geotechnical properties and the relationship between cohesion (C) and internal friction 

angle (ϕ) with SPT number is investigated in 120 boreholes in sedimentary basins of Kerman. Also, 

the effect of hydrated lime on petrography and mechanical properties of CL soil was investigated. The 

correlation between C and SPT (R2 =0.72) is stronger than that of ϕ and SPT (R2 =0.62) which shows 

the effect of C on the shear strength of fine-grained soils is higher than the effect of friction angle on 

the strength of these soils. Based on the results of the ANN model the correlation coefficients of ϕ and 

c with SPT are 0.84 and 0.90, respectively. Based on the R2 and RMSE, ANN showed higher accuracy 

than simple regression for prediction of ϕ and c parameters. It is proved that, the SPT could be used 

for estimating cohesion and friction angle of clays (CL) especially at the preliminary stage of projects 

with acceptable accuracy. To study the effect of lime on strength and compaction properties of clay 

soil, a set of samples were prepared by adding different contents of lime. Next, the standard Proctor 

test and uniaxial compressive strength test at the optimum moisture content were performed. SEM 

analysis showed substantial changes in the soil structure after the addition of additives. Also, an 

increase in the hydrated lime content results in a decrease in their maximum dry unit weight and 

increase in the optimum moisture content. Furthermore, it was found that an increase in hydrated lime 

content results in the increase of compressive strength and optimum moisture content. The maximum 

compressive strength is achieved at 7% hydrated lime. 
 

Keywords: Standard penetration test, geotechnical properties, Kerman sedimentary basin, lime 

additive, clay stabilization 
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