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1. ��<��  

  4�56 �5�./! '��
 7-8 � #0�1	2 9�*�! 1� :�;$! &�� �   �5- '
,��� '��� ��� ��) ������� .=����� 1� 7-8  �5���3�� ��	� &��!

,���� '��*�6 ��./! '��
     1� '��5�1 ��5�
 >�5�
�(! ,* ��� ��
 ���� ?@�A� B�;� � #8 ���������� �	C� .  ���5� 7� 3�� #0�1	2

 #�1� ���
 ����3�� ��@�� ��D E.��F ��� &��	�8 �.   1� G�5-
 H�(�� :�;$! &�����
    � �5��@�� �5%��I �%� ��J�! �"�	"K

����3�� ��	� � �	C	� &��	�8� ��*�6 &�� ��./! ��� �
�� ]1[. 
� � &��,��; ���
� M� N��M����  ���O����) P���18 �5-'   &�5�O!

pH     �5Q� �	5� '�5�*�6 � ��0�1	2 '����*�� R	@S�)  &�5�O!

,���
 7-8 �%� (P���18 &��VW- �'�-    ,��5���� �/*��5� &��O!
 4�556 755�6) ,55���
 �55
	X �55%� &�55�O! ( Y��55�� � H�55(��     

 F�O���)����.  ,@��� �'�O
 P��5�18 � '�5-    �"�	5"K &�5�O!
 ��) ��./! '��*�6 ����;� 9�*)P���18-'� CBR  ����;� �

7! '��� '	$� (   #0�1	52 ?5@�A� '�-�5%� �
��
 �  '�5-
 � ���55! +���F�@�55�  �55
 '�55����1 ?55@�A��55WI :55.X  '�8

��) �*Z '�-��������    � ��5) ��5(�� ����;� #�3�� &��O! ��C
 ��*�6 &����) H�(�����. ,��;� '����� � [������  Y���� ��@$! � \$


 ,���1 �� ��./!��*�6 &� �  '��] ,(����� ,����	).  
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2. ���D� ������G�  �� =���%�A G��#
H�
I  
   H�(�� >�;�;$! ,
 ,C	! �
�)� ���� ?@�A� B�;� � �'��
  ��./!

  ̂ � ��5��
 �-��5�
 &��      �5S�$� �5��1 � �5��3�� '�5- '��5
 
 #�) #�� 1� '��]	@C�-���
 &�� �� ��
 ��  ��K ,
 ��1 � ,*

	W��� ��)� ���8 1� ,� �	)[2]  .   :5�;$! 1� G�5- ���  ��5) H�5(�� 
 #0�1	2 1� �������'��
  ����;� ��(��    ,5��
� � �� �6�5� �5�C

 ������
 &�� � �-��  �  #�5) _-��� >	%� ̀ ���5)   95����
'��
   ��0�1	52 '����*��  ̀ �5$� �5- � )    � #0�1	52 #��35�� �5

7-8(�� �  ��(�� \I�
 #�	! �����3���) ����;� P .[3]  

  
2-1 ,�J�<�� �%�A �#
H�  

 '��� #������-34/2  e�� #�
��
 E
�� ���	@�* #	�@�����    ,5
 ,5*
 �! ,
 �@$� #�
1(Thar)    �5�� H	5�	��  �5��]f�� '���� �  ,5


��� ��Z g�):  
-  �I�����1 ,j! �*�� � ,��� '�- '�  
- 1� �X � >��� ,C� ���1 >����k! 

-  P
�!R���8 ���) �! ��A.���1  � ���
 �]���
_* 

 
2-1-1  .
J�.�=� "�.�K ,�#��# =��  

'f!����� &�� �- ��- 	�* � ���)��"���� ��(��  '�5-  �!�5;�;$! 
	Q�� ,
 :  

- 4�$�� '� ,��� '�- ,j! ��./!  
-  H��;� � �]1�� #�-��] �)�* �
��
 �,;S�� _�@l� 

- ,;S�� 7�m	�	*� n����  �&��1 '1��1�
  '�-?�Oo 

- ��	
 ��D �)��� E��� '�- ,�	] ��* � ���  
-  #��* p�l :��X 1� ���m	�	*� '����  
 - ���	- �)�2 q
 :��X 1� ���m	�	*� '���� ���.  

  
2-2 '�? �%�A �#
H�  

     ,5
 �!�5�
�(! '��� p	5� '�-��5�
 �
 ,@
�;� r���1 � &�K 	�*
��� ��Z g�):  

- 6 �@%� ���� 1� �- Rs�� #��* t�6 :X��� ,
 #8 m�jW2 � �	
      � #8 '0 � �5] #��5* R	5� � P5A2 �5�C #�� '�- ,���

 �"���� ,
 ,��� 3� >�Z #���.�K.  
- '� ,��� 4�6 gs%� � �- ,��W@! #�	W� NS��  
- ��u��� 3.� '�-��
�W* ��(��  

3.  "�
L� M(�L�  
3-1  "�
L� =�NA�O  

   ,5��� 4�56 v	5� �� :�;$! &�� � '�  ��	5* :X�5�� 1� '  �����5��  
��)���.  v	� 4�6K      ���5����kC =	5X �5
 #�5)�* G��X� 1�5/51 

 x�I � ,C�34 � ,C�  v	� 4�6G  =	X �
 ����] G��X� 1�
 �������kC5/52  x�I � ,C�35 ,C�  ��� ��) ,��!)  &5�� �

 v	� 4�6 1� 	Q�� :�;$!K�    � #�5)�* G��5X� 1� ��) ,��! ,���
   v	5� 4�556 1� 	5Q��G� 55���  �55���] G��5X� 1� ��55) ,5��! , 

���(. ]1[.  
���*�6 &�� '��
 ,��� �	$� ����
 �6��) '��
   '�5�
 ,��� P���18

 �������� :.X87-421 ASTM D   ��) H�(��]3[   � #8 Y��5��
��) 1 ��� {A��.  
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 �>�1 . =<�# ��.� P���K) Q��J�) S%� =�NA�OK  G(  

  
 ��) �����
1� ��-� ����! >�Z �/*�  _5- �.��;! �- 4�6 &�� �

 ,���3� >�Z � ��	
 �1����)'0 � � (  �5�� _5* ���
 ���8 �. 
  4�56 v	5� &�� �@I &�W- ,
  �5-     ��5%�6 '��� ,5C� |�5- ,5


&���
��
� ������ '��W6 '1��� P���18 H�(�� ,
'�-   ���5� &��O!
����� }�
�!� .   v	5� &5�� >�Z �/*� #�	
 �1���� _- �@I &��VW-

,��� 
�C� �W�� #�	! �� � �-,����� ��
 `�	! ���8 ���C.  
  
3-2  ,UK%�"�
L� =��  

   #0�1	52 v	5� �� :�;$! &�� �  �	5�  �����5��  �5����] ��5l . �
P���18'�- ���C�C ���! ~�� #0�1	2 1� =�� '�� )�
  NS5� 
	55MA��grCm /29700( � P��55�18 �'�55-  1� H�� '�55�
#0�1	2  +��� F�@��)   �	5MA� NS5� �5
grCm /220000 (

�) �������. #0�1	2 �	MA� NS�  ,5
 ���M� '�-  &�5@
 ^�
�) ,.��$� ��1 =	��� 1�:  
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#8 � ,*:  
S  = 9�� �
 #0�1	2 �	MA� NS�grCm /2  
K  = �
��
 ��"��� �
�J 9��o37/20  
n  = �
��
 P���18 �	� #0�1	2 �A@A!5/0  
t  = ,���J 9�� �
 #��1  

� = 9�� �
 #0�1	2 �	MA� #1�3cm
gr  

�  = �
 �
��
 ,* �	- �������� �C3�   poise0001808/0 ���.  
 H10        ��5) �	52 >	5% ,5
 �#0�1	52 v	5� �� �- ��� �*Z ,

)1� '	.I  ��W� 7��200( G�M� ���)]2[.     � v	5� �5�1 =��5C

   #0�1	52 � �	5C	� �5%��I ��1� �%�    #�5�� � ���5M� '�5-
�� �-�.  

 ,
 ,C	! �
     v	5� �� �5- ��5�-� ���5�! �%��I � �	MA� NS�
�� �Q��� �#0�1	2  �� +������O� '��� F�@�� ����
 ��0�1	2 �

>�� � �)�
 '��W* #��1.  
  
4.  P���K)=�� VA.
�   

P���18 &���-  #�3�� &��O! '��
,���
 �
	X     ,5
 �
���5�� �5�C
     ,5
 ,5C	! �5
 4�56 7�6 �	MA� #1� �/*��� �5%�   ,5���


7-8 )PA
 � ��) &��O! 2-1 (   #0�1	52 ?5@�A� '�-�%� �
)3%� 7% �11 % �15 %4�6 ��1� ( ^� ,
  ��5) gs%� 	�*��2

 �������� :.X87-1557 ASTM D �) H�(��]5[ .  
     #0�1	52 ?5@�A� '�5- �5%� '��
 ,���
 �
	X >����k! ,����

 v	� 4�6 '��
G  &�
5/6 % �!7%  v	� 4�6 '��
 �K   &�5
5/5 %
 �!5/6%     ,5�	W� H�5"�- � ,5* �	5
      ?5@�A� '�-�5%� �5
 '�5�]

 �Q� � �
	X ,���
 #�3�� �#0�1	2��� ��) ,���].  
  
  

4-1  P���K)=��  ���
W�(�A =
#��# �6C�)CBR(  

4-1-1  P���K) Q��J�=�� CBR    ,UK%X� K. ���WJX�. �#
 �
&�& Y.
�  

 5����18'�� CBR    ������5�� :5.X87-1883 ASTM  D   �� ,5

 >	%�WI  ��) '�8   � ,5���
 �5
	X �5
     �5
 v�.5)� �5��� �

#��1 '�- �WI '�8 ?@�A�  H�(����� ��)]6[.    �5- ,5�	W� _*��!
      ��5���] H�5(�� ��5) gs5%� '	�5)8 ^� ,
 � ,���
 �
	X �


��� .,�	W� � ���M� 7-8 #�3�� &��VW-    ��	5
 ,5���
 ��5;� �-
��� . '�- ,�	W�CBR      �5�C '�8 �5WI #�5�1 �5X 1� F2 �!

 >�� ,
 #�) v�.)�4  �
�� �$! 1�8/5  ��l R8��1 �H�]	@�*
�� � � ,���] &#�3�� >��  ���8 H	!�) ���
 .   ,5��� ,5
 ,C	! �


     ��5;� �5��8 H	5! �5�@
�l H�I � ���M� '��*�6 #�	
 '�  H	5!
 ��	
 3�K��� ��� ,���"� ��l �Q���.   5
 Y��5�� ,   5
 ��5�8 �5�� ,

   �5%� &�5
 ,S
� >	%CBR     � ���5M� #0�1	52 �5%� �
�WI '�����1� ?@�A� '�8  � ,���
 �
	X ���� ��  v�.5)� �

��) '�-2  �!5 ��� ���8.  
  

4-1-2  P���K) Q��J� =�� CBR   ,UK%X� K. ���WJX�. �#
*�+�� Z��  

�0�1	2 1� ������� ��J�! ���
 ��C�   &��	5�8 � F�@�� �%� �

 ,
 �.�� >�����  #0�1	52 ����C�C ���! #0�1	2 +���  F�@�5�

�) R�A��� .   3���5�8 Y��5�� 1� ,5* 	X #�W-XRF  {A5��   �5��
) =��C1( �5�� 3�K�� &��	�8 � ���1 F�@�� '��� #0�1	2 &�� �. 
�  5����18 &5���   ������5�� :5.X 87-1883 ASTM D    �5%� �5


#��1 �,���
 7-8 � �
	X   '�8 �5WI '�-7 �24  �28  ��1� �
 #0�1	552 �55%� � 755�6 � �55! ��
	55X `���55) +��� F�@�55�

 ���M�3 %�7 %�) H�(����[8]. &�� Y���� P���18�- ��) � '�-
6  �7 ��� ���8.  
  

 !<&1  . ��+D� Q��J�XRF [
L� *�+�� Z��  �
&�& Y.
� ,UK%� =� 
# �<� ��H�. �<�  
(%) LOI ONa2 OM g 32OAl 2SiO 52OP 3So OK2 

سيليس دودة  ۰۴/۰ - - ۹۸ ۳/۰ ۱۷/۰ ۰۵/۰ ۰۳۵/۰ پوزولان
جاجرود تراس  ۹۴۲/۲ ۰۹۸/۰ ۰۵۶/۰ ۱۲۹/۶۵ ۹۵۹/۱۰ ۴۶۲/۱ ۰۱۵/۰ ۹۵/۱۰ پوزولان

(%) CaO 32OFe 2TiO MnO ClZn Sr Zr 

سي دودة  - - - - - - ۲۵/۰ ۱۲/۰ ليسپوزولان
جاجرود تراس  - ۱۱۸/۰ - - ۱۹۹/۰ ۳۰۲/۰ ۳۴۵/۲ ۴۱۲/۵ پوزولان
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 �.�%��5.  "�
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  ���
W�(�A =
#��# �6C�)60 �K�(  

0

20

40

60

80

100

0 7 14 21 28

Curing time (days)

 C
B

R
(%

)
Soil type G-
optimum moisture
content 
Soil type G-
saturated

Soil type K-
optimum moisture
content
S il t K

  
�>�6 .  ���
W�(�A =
#��# �6C� '�# �\#.�  

 =�) ��^ ,��K)3 %"�
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 �.�%��7.   ���
W�(�A =
#��# �6C� '�# �\#.�  

 ��^ ,��K =�))7 %"�
L� ,UK%�( 

  
5.  P���K)=�� =�%D� `� =���� �����   

5-1   Q��J�P���K)=�� =�%D� `� =���� �����  �#
�
&�& Y.
� ,UK%� K. ���WJ�.  

P���18 &���- ,�	W� �
 �Sl  ,
 ���-5  =	X �10 ����� ���) �.��
 �
 �
��
 �Sl ,
 v��!�2 ( �������� :.X87-2166 ASTM D    �5


   #0�1	52 '�-�5%� &�5�VW- � ,���
 �
	X � 7-8 '�-�%� 
)���C�C ���!( 3% �7% �11% �15 % v	� �� �- '��
 4�6 ��1�

 4�6K  �G #��1 �
 '�-  '�8 �WI?@�A� �) H�(���� [7].  

 Y���� , >	% ,
 ���8 ��� '�5-��	W�     75! '�5�� �5���;�

'	$�)9�� �
2/ cmKg(   ���5M� #0�1	2 �%� �
��
 �
 �'��@�) 8  �!11 ��� ���8.  

 ��� �*Z ,
 H 10 ,* >�� ,
 �-  ,�	W� �#�) v�.)� ��C4  1�
��) '���"� ��"����18 '��� � R8 ��1 ����.  
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ABSTRACT  
There are vast planes of quicksand in Iran that create many financial losses for the road and 
railroad projects implemented in these areas, as well as social and hygienic problems for the 
residents of these areas. Presently the surface area of deserted and sandy planes in the country 
is estimated as 34 MH and the deserted areas as 16 MH, amongst which 12 MH is the sandy 
areas and 5 MH of these areas is the place of quicksand. We are therefore confronted with 
vast sandy areas that result difficulties in construction of roads and railroads. In this research 
two types of pozzolanas with different silica and alumina contents have been used in 
stabilization process of sandy soils and the effect of silica and alumina on the ultimate 
compressive strength and curing time required for strength gain have been studied and the 
results are concluded in the paper. 
 
 
Keywords: Quicksand, stabilization, additives, pozzolanas, silica fume, alumina 

 


