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Due to the ever-increasing growth of fossil pollution in the air of big cities 

or any other place, the resulting rain will be acidic. The reason for the 

formation of acid rain particles is nitrogen group compounds. That is, the 

combination of existing water with nitrate causes the phenomenon of acid 

rain. The soil may be exposed to various pollutants over time, including 

acidic pollutants and its shear resistance changes. Therefore, this issue is 

investigated in this research. On the other hand, investigating the 

behavior of soil under the effect of acidic contamination is so important 

because the excessive using of the sand-bentonite mixture in the Landfills. 

According to this subject in this research Sand of Firoozkooh with 

different percentages (0, 10%) Bentonite to carry out the undrained 

consolidated triaxial tests is use to investigate the effect of nitrat acid 

solution with (1, 3) pH for investigating the influence of acidic 

contamination on shear strength parameter. Results that comes out from 

experiments indicates that Presence of acid lead to reduction of shear 

strength of clean sand. Although in sand-bentonie mixture with pH=3 

shear strength increased but rising of acid in pH=1 lead to decrease of 

shear strength. Also presence of acid makes the positive pore pressure 

higher. 
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  ها: واژهکلید
 آزمایش سه محوری، 

 پارامترهای مقاومت برشی، 

 آلاینده اسیدی، 

 .مخلوط ماسه و بنتونیت

وجود  آلودگی فسیلی در هوای کلان شهرها یا هر نقطه دیگری، باران به با توجه به رشد روزافزون

ت در از طرفی به دلایل استفاده زیاد از مخلوط ماسه و بنتونیآمده به صورت اسیدی خواهد بود. 

ها تحت اثر آلاینده اسیدی دارای  به در آن، بررسی رفتار این خاکمراکز دفن زباله و وجود شیرآ

بر روی مقاومت  1و  3، 7های pHنیتریک با ، اثر آلاینده اسیداشد. به این منظورب اهمیت زیادی می

های سه محوی  درصد وزنی بنتونیت متراکم به کمک آزمایش 10برشی ماسه تمیز و ماسه حاوی 

حضور اسید در  دهند که دست آمده نشان می نتایج به زهکشی نشده بررسی گردید. -تحکیم یافته

شود. در مخلوط ماسه و بنتونیت حضور  آب منفذی، باعث کاهش مقاومت برشی ماسه تمیز می

باعث کاهش مقاومت برشی  pH=1منجر به افزایش مقاومت برشی و با  pH=3نیتریک با اسید

ای منفی  گردد. همچنین حضور اسید باعث کاهش مدول الاستیسیته و افزایش فشار آب حفره می

 گردد. می

 

های  پژوهش .اومت برشی خاک ریزدانهثیر آلاینده اسید نیتریک بر روی مقأعادل. ت عساکره ،عبدالحسین حداد ،سیدمحمدحسین خاتمی استناد:
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� =�\:�3? �2 .6 	�� �-� �-2 .	�� �-�� _�U�� J8�8

J����F�  S�A��� �� .6 	�� �; �� �\� .\:�3? J� �2

pH�F  ���,� ����� .� `��F? ��� -  =��88a  � ���6

��BN S; ���,  ��.�
�2��  .20�  

2- ������� ����������  

2 -1- ��  �!�"#$� %��&� ���'(&)  

 +8�  .��? �� �q84H  J� �2161 �06���8, �  e�

.��? .-� �2�B��� 	8�0�F�  �2�B��� 2�0?�  � �O878� .��?

�? .��O� .�
�F� ��2�B��� 2�0? 	8�0�F� .-��� �-�  J� 

���� �2 20/0? 	8�0�F�  	��� 	6�� 	8�0�F� _�� .�

=5,� �^��� �2 .6 S; ���� 	B� 	\F> ���  �2�B��� �-F�

�? 20��  .\:�3? J� �2 �O+8, =�lA�? .-� �2�B���

 ��-/ �2 �06���8, .��?1 ���p.	�� �-� .  =�8>0l


 �=��h ���-�� Y�0  �k0lA? ��� -F��? 	8�0�F� �O+8,

X�� q]E 	�0E� ��-4? � u��� � 2�-N ; ���J8  .?��

ASTM2016 �-/ �2 �2 .	�� �-� �2�2 ����  

��-/ 1- �06���8, +8�  .��? �O+8, =�lA�?  

.��? =�lA�?  Gs  emax  emin D��(mm) Cu  Cc  

 �06���8, .��?161 685/2 943/0 603/0  29/0 72/1 94/0 

  

��?�; .�0�� ��� �� �� .��? ���  �� ����-4? 

 	8�0�F� �B> �10  ->�2 k0lA? ��� .-�-� _�U��

 �o6�-N � C[�-N.��? @07A? � .��? - 	8�0�F�  �2

 ��-/3  �� 	�� dA�? .6 �0E ���� .	�� �-?;

�? ��+,� I�
 k0lA? ��� 	8�0�F� �2�+,� -��.  J�

 �`:�[ �UN �-��? 	��G �� .6 	�� J� C8:2 .� Z0j0?

 Q��� � �2�6 �� �� .��? J8��? =��BN 	8�0�F� +� =��h

�? .-�� ��+,� I�
 k0lA? ��� 20�  

2 -2- �!�"#$� !*(� ��+�,�  

 =�lA�? �� L��8� -8�� �-FD; ��-/4  J� �2

�07H? .	�� �-� �2�B��� �����  �� �-8�� ���pH�� �

1  �3  .� .-� .8!  �-FD; J� �� .8!  ���� �0KF? J�

 �� �07H? 	
�� ���� ��34? S; �� �oF
 �07H?pH=3 
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 	K7b �� -8�� �07H? �U�-  �2�6 .,�j� ��01/0  �D0?

 .� �-8�� �  �34? S; .�pH  J�
�� ���� � �K� 2�0?

 �� �07H?pH=1 �? �2�6 .,�j� �� L��8� -8�� �84�

68% .	�� �-� �2�B���   

��-/ 2- ��8�0�F� .�0�� =�lA�?  

���-�� �2�4? �-� ��89  =�8>0l
 

%76 e�  

%23 	78�  

%1 .��?  

%321 ����� -N 

%35 ��8�
 -N 

%286 ��8�
 d
�� 

%37/0 	8:�\, 

CH .4]E I�
 �-F�  

%10/7 S; ��+8? 2��; ��0� �2 �-� L�
)( 

79/2 Gs 

��-/ 3- �o6�-N � C[�-N k0lA? ��� 	8�0�F� � .��? =�]86�   

I�
 Z0�  γmin (gr/cm3) γmax (gr/cm3) 

.��? 38/1  67/1  

 �� .��?10 	8�0�F� ->�2 46/1 75/1  

 ��-/4- �2�B��� 2�0? �-FD; =�lA�?  

��8�8� _��  L��8� -8��  

��8�8� �2�0��
  ��-\? -8��  

��8�8� �0?�,  HNO3 

�:0O:0? ���;  

  
�:0O:0? ��� )g/mol(  01/63  

  

�^��� J� ��� �� =5O�? �� �O�  .20� -8�� �� ��6

��1��2 .� -8�� �� ��6 .OF� �� �E�
 ��F8�E� 	!/  ��

��� `8�;  �  20� _�D -������?�;  �� �T\� ��� ���

��1��2 �?�; ��� �!�; �]��/ C��� �0E J8�� � ��1�

��1��2 .6�U�; �� .2�89 =�0> � J� �2 .6 �7>� �^��

�	�� .�,�9 ���[ �2�B��� 2�0?  �20� ��0H? .� ��1��2

 -� 	�  L��8� -8�� ��1��2 J� y7�A? =�\3[ ���

.-F���-� �� �� ��F6�� �2�? �2 J� .���A]�0
 .6  

2 -3- �*(.� �$ ���#$!  

��?�; .6 �O8 ���� ��0H? .� ��1��2  .� ���

 CO� q��3? �-�-2�9 _�U�� �; i�0  ��0H?1 .�  �0E

9��� ����, ����� �A� .� .� �76 =��5E� 	]G � ���R

�? �8�4  22�9.  � �2�� ��1��2 J� ���, J8?W  .��?��

Y�/ � 	]G .��?�� � �[�� �; ��� ����� .��?��  ���;

 .��?�� � .���� L .78�� .� �; �2 ��?�; _�U�� =��5E�

�? _�U�� =��5E� 	]G  .�0�� .� �:���� ������, .22�9

s� � �07� ���, C?�� ��?�; ���, �?  �2 �� .6 -���

 .� S; i�0  � .��9 J8?W  �2�� �0��z�6 L .78�� .�

�? ����� .�0��  =�0> .� .�0�� .� ��� ����� .��?�� .22�9
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 _�U�� ��8KF  C��[ ���R9��� 	��� �� ���6 ���F6

�? D�� 	�� .� �� 	6�N �2 �0 0? ���� 	8,�g .2�89 

PF� �? J  .��/ .F?�2 .6 -���  .�� ��/ �B6 � I�H�?

p�[ 2�-�?� �2 �; .� Cl�?� 12  ���8�����?  .-���

J8� �0 0? �8KF  C��[ 	��� �2�-H? 0001/0 �  9 

 .48[2 �� ���878?�? ���R9��� �2 .-���  ����1�N .876

�88a  ���� 	p��[��BN S; ���, �CO�  �UN �88a  � ��

�8� q�E �� .�0�� ���  	]G ��1��2 L .� i���

�=��5E� �? Cl�? �2�2 .6 ��1��2 J� .-�0�  �� �� ��

�? C-]  ���U2 	:�N .� u0:��; 	:�N  L .� -F6

�? Cl�? .���� _�� L i�0  �06R? .���� .-���  .� ��+,�

�2�2 `:0p^ _�� �? 	]G �� �� .-F6  

  
 CO�1 - ��0H? .� ��1��2  

2 -4 - 0����� ��  1�23� ��� 

���� ����� �8GW  ���,� ��� �� �-8�� �-FD; 

���� .��? @07A? � .��?-  �	8�0�F�18  .� ��?�;

�8OH  ��0H? .�,�- ��O�� �-�� 2��-����� q]E 

ASTM D4767-11	H  � �F  ��� .��  .]��/100 �

200  �300 ��O���0786.�0�� ��� �� � �2 �� 	:�N 

_�U�� �6���? -�. .�0��  �]�� �:�1n �� ��80 ->�2 

 .-�-� .�
�� L�
 X+� X�� .� (�8OH  C][)

.�0��  .� �� �3[ .� � .��0��� CO�8/3  Z�B �� �6/7 

����� .�0�� 2�U� ���� .-�-� S�A��� ��?  �J1�� ���

 =�0> .� +8� .D �� � �-� �8�4  .D PF� .� I�


 .� dA�? ���� 	]�� �� .��9�-/ �-� .�A� `:�[ C
�2

.��j �2��; 2��� �� �  i�0  .�0�� `:�[ .� �5? ���

�O8��5� �On� .�0�� .-�-� .�
��  Z�]�� =�0> .� ��

Z�]�� ./�2 ��  �D�� �9-�95 ->�2  ���� .-�-� ��?�;

 Y�� Z�]�� C�� ���� �� �2 ��9 �0]� .� _�-[� �.�0

-8�6� �� �07H? �0]� �� C][ J��6pH  �� .�0�� �� �K�2�0?

s� ����� �� � �-� �;  2�-N �2 ����,200 0786 ��O���

.-�-� Z�]�� Z�]�� ���� q84H  J� �2  �� .�0�� ����

 �� �07H?pH 	�� �-� �2�B��� �K� 2�0?.  �-8�� ./�2

 ����� �RBF? S;7 �3  �1  ���� X�� J� �2 .-� S�A���

 ��F8�E� I�
 �� -8�� �F6�� �� .OF� C>�N20��  �-4�;

 .�0�� �� �07H? �0]� ���/��? �2�2 20�  � pH  �07H?

�� .�0�� �� �/��
 pH  ���O .�0�� .� �2��� �07H?

 ��� �2 X�� J� .-���2009  i�0 ��44H?  �2�B��� +8�

	�� �-� ]21[ ��-/ .5 =�lA�? ��?�; �� �� ���� 

�? -�2.  

3 - �2�#3  ���������� �������  

3 -1- *�#4* ��* 56 ��$� 5�789 0+9 - 035�  :� *��4 �

�5"; ��  
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����� 	
���� ��� ������ ���   ��� ���2 �����1 )1403( 

��?�; P���  �F  	H  �d:�
 .��? 	:�N �2 ��

 .]��/ .��200  �300 0786 ��O�� �2 `8 �  .� ���O���

2  �3 .	�� �-� �2�2 ����  y:� 	��[ �����20�� �2

CO�  ���2  �3 �? �-���? 20�  �+8�  .��? �2 .6

 �� �-8�� ./�2 ��+,�7  � 3  �2 �6-�� �88a  �UF?

	�� �-� I�
 ���� ���,� � 	?��4?v .?�2� �2 �:�� 

	�� �-� q]3F? �� �� I�
 .�0�� �2 ���,��  ��+,� �:�

 �� �-8�� ./�23  .�1  	,� � � --� =��88a  �UF?

 �-� .��? ���� ���,� � �-���8[�� 	?��4? ���8�.	��  

 ��-/5- ��?�; =�lA�? ��O�� ��0H? .� ��� �-�� 

pH  I�
  .]��/ .�� �F   ��?�; -6  

7  

.��?  

100  S07D100 

200  S07D200  

300  S07D300  

.��? @07A?- 	8�0�F�  

100  10B07D100  

200  10B07D200  

300  10B07D300  

3  

.��?  

100  S03D100  

200  S03D200  

300  S03D300  

.��? @07A?- 	8�0�F�  

100  10B03D100  

200  10B03D200  

300  10B03D300  

1  

.��?  

100  S01D100  

200  S01D200  

300  S01D300  

.��? @07A?- 	8�0�F�  

100  10B01D100  

200  10B01D200  

300  10B01D300  

    
(y:�)  (S)  

CO� 2 - ) � �,��H�� �F  ��20�� (y:�)��BN S; ���, .,�j� =��88a  (S  .]��/ .�� �F  �2 ��0H? ���6 ����� �2 ��200  ��O���0786

(+8�  .��?)  

 ��0H? ���6 �� .6 `8 �  J-�11 -\� .��  .�0��

 -8�� .� �20:; .��?L��8�  �-8�� ./�2 .�1 � ��n2

_�� C��[ �9-�0�   2�-N �2 �!/018  �20 ->�2  .�

 .]��/ .�� �F  �2 `8 � 200 � 300 ��O���0786  �-�
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.�0�� .84� �2 �]�4  01:� J� .	�� .-� �-���? +8� �� 

�? .��? {03� ���� �-� �6 Q��� -8�� �0TN  .6 20�

 �2 =��88a  J�pH=3 ��� e0�H? -����  ��+,� �� �:�

�? 20!�? =��88a  J� -8�� ��+8?  �-� Q��� J� � -���

.6 	�� 	?��4? ���� ��!� �2 ���, .�� ����O .]��/ 

����  .-��� -8�� �0TN �2 .��? �� ���8� +8�  .��?

CO� �2 S �A�  ���2  �3 �? ���� +8�  �88a  .6 -�2

 �� �-8�� ./�27  � 3� ��� �2 ��0�H? =��88a  -

��BN S; ���, ��-4? � =��88a  	�� �-�� ��v  �:�

 �� �-8�� ./�2 ��+,�3  .�1  -��� �2 �2�� =��88a 

��BN S; ���, ��-4? � =��88a   .	�� �20�� 2�U� ��

 ��-8�� ./�2 ��+,� �� I�
 ���,� .6 `8 �  J-�

���� � ��BN S; ���, ��-4? � 	�� �-� �   �� �BF? ��

174-  .�260-  ��O���0786�� �-8�� �01:� J� .	

�F  ���,� .� ����,�- 2��2 |�]3�� +8� ���6.  

 CO�4- �? ���� y:�  ./�2 ��+,� .6 -�2

 �� �-8��7  .�3  �UF? @07A? ���� 	?��4? ��+,� .�

.��? - 	�� �-� 	8�0�F��  ./�2 ��+,� �� .?�2� �2 �:�

 �� �RBF? S; �-8��3  .�1 ,�9 CO� e0O\? -��� � .�

 �2 �:� .	�� .�,� ���6 @07A? I�
 ���� 	?��4?

�? �K� .� C6  ���,� �01:� �-8�� ./�2 ��+,� .6 -��

 �F - _�� -��� �� �� ���6  	�� .� ���6 �9-�0�

	A� .	�� �2�2 |0� �9-�0�  

    
(y:�)  (S)  

CO� 3 - ) � �,��H�� �F  ��20�� (y:�) =��88a  (S��BN S; ���, .,�j� / .�� �F  �2 ��0H? ���6 ����� �2 �� .]��300  ��O���0786

(+8�  .��?)  

    
(y:�)  (S)  

CO� 4 - ) � �,��H�� �F  ��20�� (y:�)��BN S; ���, .,�j� =��88a  (S  .]��/ .�� �F  �2 ��0H? ���6 ����� �2 ��200  ��O���0786

.��? @07A?)- (	8�0�F�  

 CO�4- �? ���� +8� S  ./�2 ��+,� .6 -�2

 �� �-8��7  .�3 ��BN S; ���, ��+,� .� �UF?  �BF? ��

 ��5/165 -  .�216-  ��O���0786	�� �-� �01:� �:� �

W  	H  ��-Fn ����,�.?�2� �2 .	�� .�,�1� ���[ �8G� 

 �� �-8�� ./�2 ��+,�3  .�1  ���, =��88a  }�� � -���

��BN S; 	�� �20�� �88a  ��n2 �� ��.  .6 `8 �  J-�
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��BN S; ���, ��-4? �-��� �� ��+,� �� 	]o?  �2 sz� �

.?�2��  ��?�; � �2�2 ���6�2  ��?�; ��!�����  ���6

 ��0H?20 ->�2  .�249- �-���� ��O���0786 	�� .

������484H  �2 ���1  I�
 ��� �� -8�� �G� ����� ��

�6�����6  	8�0�0? 	�0? ���6 ���N �� .6 -�2�6 �-���?

 ���6pH  ��9/6  .�6  .� ��?�; �2 I�
 	?��4?

	,� ��+,� �-�� ��O�� ��0H? ]23[. I�
 ����  ���

 	8�0�0? 	�0? ���6 ���N�8GW  pH  �� ��� ./�2 �2

�? �-2 �-F6��� y��T? .D ��� 20� ]30 � 31[. 

�? .�01F� �� I�
 	?��4? ��+,� 2�6 m�, ��0 � .6 �� 

 	K7b ��+,�H+ ��BN S; �2  ���6 �� )��pH  	:�N ��

 .�-8�� .� �oF
�6 2�-N �2 	?�Aj ���6 .� �UF? (

�? �-F6��� .D .U8�� �2 � 20��  =��h J8� .\,�2 ���8�

�? ���6 e� .� .-�� �-��� ���8� .6 ��0E Sh�/ ��:��

.�,� ��+,�  =��h �� ���9�+� .�0�U? C8O�  .� �UF? �

L2+� �� .� �; �2 =��h .6 20� �? e� �? �  -F��� 

]32[. ��1n ���
�� Q��� ���; J� �? e� �   .6 20�

�? ��K���  .-�� ��+,� I�
 	?��4? 2��+F�? � 0U8910 

 ��+,� -8�� �0TN �2 	8�0�F� ���� 	?��4? .6 ���?�

.� �� m�, J� �	,� W  �2���9 �0E-�2�6 -86 ]10[. 

��12 ��44H? ��O�� ��0H? .� ��?�; _�U�� ��  �-��

 ���6 �� .6 -8�� .U8�� J� .� ��78� I�
 ��� ��pH 

 ��9/6  .�4 	?��4? .� I�
 C��[ �0E  ���6 ��0�H?

	�� .�,� ]23[.  --� ���6 ��pH� 	]o? ���  �2

.]: �? ��+,� 	8F8:0p�6 e� =��h ���  -F��, J� � -��

�? ��� � .:0607, ���
�� C8O�  .� �UF? 20� ] 28 � 

30[.  ���
�� Z0� J� C8O�  �UF? I�
 �2 .:0607, � ���

�? �BF? ���, .,�j� -8:0  .�  �� ���� � ���,� I�
 � 20�

�? ���� 20
  .-�208� � ~���11  �2 .6 -�2�2 ����

 �6 �2�4?pH ���; .� @0��? I�
 	?��4? ���6 �

 =�0> .� e��? .:0607, -��� ]33[.  

                                                 
10- Gajo and Maines 
11- Wang and Siu 

.?�2� �2�  CO�5� �F  ���,� -  =��88a  � ���6

��BN S; ���, .,�j� F� � .��? @07A? ���� �� �2 	8�0�

 .�� �F  .]��/300 0786 	H  �� ��O����8GW  

�-8�� ��BN S; �07H? �-� �? ���� �� �2 q��3? .6 -

 .]��/ .�� �F  	H  I�
 ����,� �01:� ��200 

�? ��O���0786 .-���  

3 -1- 5�<�  0+9p´-q  

�2 CO�  6� �8�?  �F p´-q �2 ����� �2 	:�N 
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