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Effect of Explosive Load on the Depth Required 
for Geotechnical Identification 
 
The depths required for drilling in different types of soil vary 
according to the type of load applied. The possibility of dynamic 
loading from a blast during a military or terrorist attack or by 
exploding gas pipelines. along with other types of loading, is 
essential for the construction of safe structures. It is necessary to 
consider dynamic loading from a possible explosion when 
determining the depth of the boreholes. The present study 
numerically modeled sandy and clay soils under dry and saturated 
conditions that experience 50 to 300 kg of TNT explosive loading 
on the surface and at a depth of four meters from the soil surface. 
For this purpose, Abacus software, Eulerian-Lagrangian 
coupling, and three-dimensional nonlinear dynamic analysis 
using the finite element method have been used. Case studies were 
examined by initially determining the net vertical stress created in 
the soil under the blast load then, after obtaining the range of 
impact of the blast for each case, the percentage of increase in the 
borehole depth was calculated by considering the effect of the 
blast load. The values calculated for sandy soil was 5% to 92.5%, 
for clay soil was 7.5% to 185%, for saturated sandy soil was 2.5% 
to 179% and for saturated clay soil was 4.5% to 113%. 
 
Keywords: Blast, Vertical stress, Borehole depth, Coupled eulerian-
lagrangian approach 
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+��l z��
 ���; ���. L��� G4-���13

12  L4d. ����

�. y�]��� ��V��  ��EF�� z<. m�0I�� Y,� �� ���. :W +<�

�. ��V�� L4d. M
�+ :�  �+�. �� ����� G� �+ .+<�

 ��EF-. � �� ) �TNT �+ (�,. ����  �,� �+�F���

 ���� .	���,. ���� TNT Y�� �+  	3�9 :3+�I. �� ��?/�

)13EoS(14 ?�<;- ?-0� - ) �314JWL(15 .	�� �,� �+�F��� 

 :D��� �+ :3+�I. G�)1(  	�� �,� �+�+ ����]10[:  
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10- Eulerian Volume Fraction 
12

11- General Contact  
13

12- Outflow Free  
14

13- Equation of State  
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14- Jones-Wilkens-Lee  
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R
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ω ρρ +−+−= −−

 

 :D��� G� �+A �B �R1 �R2  �ω 	��s  ��EF-. �+�. ���

TNT �.  .,-�����.����  ���A  �B  ����/ :-.�+ �)�����

ρ  ��EF�� =h<od. �E9 	j�� �-I �j�� �E9 ρ

 :43�� ��EF-. +�<. �E9 :�0ρ �inte  ����+ �J���

�. �F�� � ���/ �+ n<o].  �+ ��� �]� �+ .,-���

 :D��� 	��� 	��)1( ����  �+ +�� ���/ ,43<  �,-�+

���� �l �
l �]� � ��EF�� ��.� �<H  �� �W ���/ �,-�+

�. ��EF�� �s� �+ h�� �E9 :� :;<  .,���  �+�. =�o]�.

 ��EF-.TNT  ��,; �+ ����� G� �+ �+�F��� +�<.1 

.	�� �,� �+��l  

2 -3- )�� 	.��,. !��  

 ����� 	!; ����� G� �+�4st   ���/� �+ ��EF��

�-  - f�
 ���W :��. ���  �� X4 �  :� ��� � ��

�,.  ����/� ����8��+ :�4�4��>�- �8���  ��8��+ -  �8���
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 ��,;1- ��.����  ��EF-. �+�. ���TNT ]10[  

��,B. ,9�� ��.���� 

1630 Kg/m3 ) �3�)eρ( 

6930 m/s ) ��EF�� z<. 	���v( 

373800 MPa A 

3747 MPa B 

35/0 -  	��sω 

15/4 -  	��sR1 

9/0 -  	��sR2 

3680 KJ/K  ����+ �J���eint 

2 -3-1- ���� )�� 	.��,. !�� 	�  

 	!;:� 	�+ �-  P��� �+��l -  f�
 ���W

:��. �8��+ ����/� �,. �� ���- Y�� �+ �8���  �+�F��� ��?/�

:��+ �W�
 k3�o. ���� �,. G� .	�� �,� � ��:  ��W

�. �. �,. G� �4V�  kD� .+��  M0� :� ,��< 

�8��+ �D
 �,. .,��� ���<  � � 543<��r��-  �8���

 :dFu �+ �-d-. �4A �4V�  kD� ��0.� 	!; �/��d��

 :� ��W � ���/ �+ �4V�  \V�]. �+�B. `4jD 

����� G4-��� ���<d.  �+ 54��h��4A ���; ����

 g�� � � �V
�+ f�0Du� ����� 540F  � �/��d�� :dFu

�. ����/ �� +��� ]14[. :��. f�
 =�o]�.  +�<. ��

�. ��� � :��. g<� �� :W ����� G� �+ �+�F���  �+ �,���

 ��,;2 .	�� �,.l  

 :��. �04 ���� �4V�  	.��B.5/0 �+ ��0����). 

�-  �-d-. .	�� �,� :�/�8 �@� -  �+ ��� � :��. ���W

 ���s/1000  M0� �+ ?4�2 	�� �,� �+��l] 10[�� . 

�+ G4-��� � M4Vd  �W ��.� :� :;<   G�/�)� �@�

Y�� L�<  �TF-. yl ���/ =��44x   	��s a�/ �� � ��?/�

 ���/ �+<��+ 	!; �M4Vd  �W ��.� �+ �TF-. yl  �@�

 ��,B. �� �f�
 g�j�� L��� G�/�84775/0  X�K ����

��.���� ��� �+ �44x  ��,� � �<��<�  �,+�8 �+�F��� ��

	��] 10 � 11[G4-��� .  ���T8��� �h�� 	��� 	V� :�

{-4r.+ �s� ���EF�� :4j� �+  �,� :�/�8 �,+�� ����

	��] 15[.  

 ��,;2- :��. f�
 =�o]�.  G� �+ �+�F��� +�<. ��

`4Bd  ]10[  

��,B. ,9�� ��.���� 

28 MPa ) {�� ��,.E( 

2/0  - ) �<��<� X�Kν( 

1560 Kg/m3 ) �3�)eρ( 

0 Pa ) �8,-j�ed( 

30 Degree ) f�0Du� :���ϕ( 

5 Degree ) g�� � :���ψ( 

  
 M0�2 - -d-.� �-  :D���-���W ��� �+ ��� � :��. ���W 

s/1000 ]10[  

2 -3-2 - ��. )�� 	.��,. !��  

<��h� ����/� �,. �� ����� G� �+ -  54��>�

�8��+ -  �8��� �� 	!; 5�>W�,. ����  ��� f�


�+ 	4V��1 M43+ :� �,. G� .	�� �,+�8 �+�F���  �@�

 :��� ��-  �4�. ��-  :�]��  �s� G�/�8 �s� � g�� �

L�<�. �Vu� �- � f�
 ���/� ����� �+ �,-j�e ���

X��-. +�0V���. ���� +<
 �� ��  .,�+  

 �+ �,� �+�F��� ��� f�
 =�o]�.�,. ���� 

 ��,; `��D.3 �.  ,���]12[ .:��. f�
 �� :���.  ��

�+ 	!;  ��,B. �� �f�
 g�j�� L��� G�/�8 �@�49/0 

  ��,� � �<��<� X�K ������.���� ��� �+ �44x  ��

 �,+�8 �+�F��� 	��]10 � 11[ 	V� :� G4-��� .

 �+ {-4r.+ �s� ����EF�� ���T8��� �h�� 	���

:4j� �. :�/�8 �,+�� �+,� ����  +<�]15[.  
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 ��,;3- ��� f�
 =�o]�. `4Bd  G� �+ �+�F��� +�<. ]12[  

��,B. ,9�� ��.���� 

7/51 MPa  ) {�� ��,.E( 

45/0 - ) �<��<� X�Kν( 

1920 Kg/m3 ) �3�)eρ( 

036/0 MPa ) �8,-j�ed( 

24 Degree ) f�0Du� :���β( 

3/0 - ) 5�>W 	?W�. �� z��
R( 

02/0 - ) 5�>W :43�� �4V�  kD� 	4I1<.εv( 

0 - ) �dD� g�I� ��B��� ��.����α( 

) ���W -( ) �- MPa( 

 	]� ���/�5�>W �8,�<� 

�- )- (54��>� ��E9 ���W 

0 75/2 

02/0 83/4 

04/0 15/5 

08/0 20/6 

  

2 -4 - �(0 1�.�2 3�4 .' ��5�� .�%,�  

�4A �04.�-+ M4Vd  ����� G� �+ 7�� :� �D


 7�� �� �+�F��� �� k�uCEL  ���;� :V9�. 5 �+ �

Y��  �04.�-+ M4Vd  7�� .	�� �,+�8 �+�F��� ��?/�

���)��� �<��1 5 Y�E�� �� �-�j. k�u  k�u ��48

�.  ��.� ��?/� 5 �� 7�� G� .,���Δt  ,9�� 5 :W

 �l �+ :W �+�W �+�F��� 	�� 5e<W ��4�� ���.�

c

L
t ≤∆ �. ,���� � :��<H  :WL <W � ���3� ,I� G��0e

c  	�� L4d. �+ �,� �]� =<u z<. 	���]10  �

16[ �+ ,��<�� ��EF�� �� ���� f<� z<. :0-� ���� .

�+�,d. �� ��  �. ������ :W f�
 ���/ �-  �,��  ���

���3� �+ �� ��EF�� �� ���� �~W�,9  �,-W +�E� f�
 ���

 M4Vd  MW ��.�25 �V4. �+ :4��s �,� :�/�8 �@� .	�� 

3 - �(6 �%&� !�� �78�	 '��(�  

	du ����� G� �+  �+ �+ �+,� �,. �E-�

 |��� ��� 	��1 �+ .	�� :�/�8 ���1 ����� +�<. 	��1

�+�+ �� ���EF�� ��� 	d  �+,� �,. ����� ���

G4-��� � � �<���W�e �+�+  � �-���j.l ����� ���

�)� 	/�8 ���1 :��B. +�<. ]10 �17  �18[ . �� :W �E�l

� g<K<.G Bd  �+4` ���� �� C�j �� �+�  �+ ��EF�� �s�

f�
 ��� � �+ �,� �+�F��� +�<.G  �T3 �	�� �����

�B.:� 	du � E-�� �+�+ ��� �,. ����  �� �,� Y�E��

�+�+ ��� � �+ �,� �+��lG Bd  �+4`�  ��j����,. ���� 

. ���� �� �,� Y�E��� ,-W.  +�I�� ?4� Y�+ 	��1 �+ �,.

���3� +�I�� G4-��� � �?;� ����  L���� �� �+�F��� �� �,.

G4l ) �0�.l � �� :.��TM5-855-1 ���1 ����� +�<. (

 .	/�8+��<. �+� . =�I3�D. :W4��,� B. �+4m� I1��� 

	du 	!; E-�� ����� ��� +,��  m���+ �+

. �,��j�� ��<  
�� �+�  L���� � =��>H� �� =��<K<.

l4G :.�� ��� l :V�; �� �j�I.4G :.�� TM5-855-1 

� .+�W �+�F���G . g<K<.� ,��<   :� �E-.:� 	�+  �+��l

F. � X��-. =��>H�4, 3��4: �+  ����� g<K<. �� C�j ��

.+<�  

3 -1- �(6 .�794� .�$ �(0 	'�: !�� �78�  

 	!; �@� +�<. ��.���� G���!. :0�l :� :;<  ��

 `4Bd  G� _�,�� :� �,4�� �+ �,� +�E� �-  ��,B.

�. f�
 �+�+ �� �,���  �������� � �<���W�e  ����
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	du 	d  �+,� �,. �E-� ���  �,� �+�F��� ��EF��

	�� ]10[ . 7�� �� �+�F��� �� �<WT. ����� �+CEL 

 f�
 �+ �</,. f��� ��,; �+h</ ��� �+�,. ���� 

� 	�� �,�: :�<8 �+�. ?W�. �� ��� ��� :Vu�/ :W �� 

�. ��. ��!e ��EF-.  .,���:��<��� ��EF-. �+�.  ��� :� ��

50  :Vu�/ �+ � Y�8<V4W35 �����  � G4.� kD� �� ���.

 f�
 ���/ +�I�� .	�� :�/�8 ���1 f�
 `�� �+

10×20×20 �+ `�� :W �+<� ��.  ���� �,� :�/�8 �@�

 �l10 �. ��.  .,��� M0�3  �,. =�o]�.����� 

� �<���W�e  ���� ���.  ,�+]10[.   

  
 M0�3 - 	du �+ � �<���W�e �,. =�o]�. �E-� ]10[  

 �+ X4 �  :� ��� +h</ � ��EF-. �+�. =�o]�.

��,;  ���1  �4  =�4u<o
 G4-��� .	�� �,� �+��l

:��. f�
  ��,; �+ ��2 �-  P��� �-  �+ �l ���W

 ���W ���s/1000  M0� �+2 .	�� �,� �+��l  

 ��,;4- 	du �,. �+ ��� +h</ =�o]�.  �E-�]10[  

��,B. ,9��  ��.����  

200  GPa ) {�� ��,.ES(  

350  MPa ) �4V�  	.��B.fs(  

7800  Kg/m3 ) �3�)esρ(  

3/0  -  ) �<��<� X�Kν(  

360  MPa A  

635  MPa B 

114/0  -  n  

075/0  -  C 

 M0�4 �?;� �,. ?4��  G� �+ �,� :4!  +�,d.

	du 	!; `4Bd  �. ���� �� �E-�  G4�� :� .,�+

 :Vu�/ �+ ���3� 5 �+ L�<�. �-  ��,B. �<@-.64 

����� �T8��� ��.� :� 	j�� ��EF-. �+�. ?W�. �� ���. ��

�+�+ �� � �<���W�e ����� ��� 	�� �,� :��B. ]10[.

  
 M0�4 -  �?;� �,.	du +�,d. �,� �E-�

	du G� |���  M0� �+ �E-�5  .	�� �,� �+��l

 M0� :� :;<  ��5 �. �,���.  �,. ��+<�� ��4. :W +<�

 `4Bd  �+ �,� :^��� ��+<�� � `4Bd  G� �+ �,� :4! 

 �+ :��B. �� .+��,� +<;� ���,-e _>�
� � �<���W�e

� ��+<�� �+ �!. C�B� ��4. _>�
� ��+<��: <o
 �+ n

�. ���1 ,u�+ �+ �  |-� �+�,d. �+ ��?W�. :DB�  .+�48

 M��1 	1+ �� �,� :4!  �,. :W 	�� �l �)��4� XVD. G�

	du �3<j1 .	�� �,� �E-�  	!; :.�+� �+ G4-���

) f�
 kD� �+ �,� +�E� :���+ �����D ���EF�� �s� �+ (

�+�+ �� �-���j.l ����� ���  �,� +�E� :���+ M0� :W

+ ���1 ����� +�<. �� ��� f�
 :�<�� 5 �+ ��EF�� �s� �

	�� �,� �+�F��� �+�+ ]17[ �,. +�I�� .6×6×5/12  ��.
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 f�
 kD� +�I�� :W �+<�6×6  �l g�F �� � ��.25/6  ��.

�.  .,���  

  
 M0�5 -  �+ L�<�. �-  ��,B.5  :Vu�/ �+ ���3�64 

����� ��.� ��T8��� ��.� :� 	j�� ��EF-. �+�. �� ��+  �,.

 �<���W�e� ]10[ !  �,. �4: � �+ �,�G Bd 4`  

 ��EF-. �+�.TNT  Y�; :�10  M0� :� � Y�8<V4W

 M0� .	/�8 ���1 �+�F��� +�<. f�
 kD� �+ ���W6 

 ���� �,. �+ �� f�
 � �<� ���EF-. �+�. ��48���1 Md.

�.  ��EF-. �+�. � �<� �f�
 =�o]�. ���� .,�+TNT 

 �+ �+�F��� +�<.�,. ����  �DB. �� �]� G� �+ �+,�

�+�+ � �+�F��� ,�d. � �)� ����� ���	�� �, ]18[.   

  
 M0�6-  �,. �+ ��EF-. �+�. � f�
 ��<� �����;

	du  �E-�  

 �+ �,� +�E� :���+ ���,�� � f�
 �+<�� �DB.

) ��EF�� �s� �� f�
 kD�D M0� �+ (7  ���,�� :��B. �

�+�+ �� �,� +�E� :���+  �+ �)� � �-���j.l ����� ���

 ��,;5  �,� �+��l	�� ]17  �18[.  

  
 M0�7 -  ��EF�� �s� �� f�
 kD� �+ �,� +�E� :���+TNT 

�Y�; :10 �E-� 	du �,. �+ Y�8<V4W  

 ��,; :� :;<  ��5 �. �,���.  +,� ��4. :W +<�

:� 	�+  kD� �+ ��EF�� �s� �+ �,� +�E� :���+ ���� �,.l

) ����� G� �+ f�
149 �+�+ � (���4����    �����

) �-���j.l156  :���,� +<;� ���,-e _>�
� (���4����

)5/4  �+,� �,. :W 	�� �l �)��4� XVD. G� � (,u�+

 �3<j1 M��1 	1+ �� ����� G� ���� �,� :4! 

	du .	�� �,� �E-�  

 ��,;5- ) �,� +�E� :���+ ���,�� :��B.D�+�+ �� �,. �+ (  � �-���j.l ����� ����)� ]17  �18[  

 	j��D  :� �,.Dexp ����� G� �,.  �)� �+,� �,.   �-���j.l)exp(  �����  

955/0  149 145 156 D (cm) 
  

3 -2-  '�#$� ��.�$��=>� � !�� 	��$ ?��8� �@   �+ ��EF�� �� Mu�9 z�<.� 	�8��� Y,� 	!;

�-  ����� � f�
 L4d. M
�+ :� �,. �����.  ���
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�4� z<. 5 �!-  �� Mu�9  �,����+ ��.� ��;�� Y�� ��?/� 

� Vd 4M �,. )25 .4V� ��s4:(  X��-. :43�� +�I�� y�]���

	�� :�/�8 =�<u �� L���� L�<  �,. ���� ]19[:  

)2(  
)1)(21(

)1(

νν
ν

+−
−

=
E

M  

)3(  
ρ
M

c =  

)4(  
c

R
ta =  

 �+L���� )2(  � )4�( M �E �ν  �ρ  ���]� X4 �  :�

 �f�
 �3�)e � �<��<� X�K �:�4�4��h� ��,.c 

 ��3<H z<. 	���ta  � z<. ����4� ��.�R  ��/��.

�. �H �@� +�<. ��.� �+ z<. :W 	��  G� �� .,-W

:��. f�
 �+ z<. ����4� �<H m���  L��� �+ ��

 :� 5�
 L��� �+ ��� f�
 �+ � g�j�� � 5�


 X4 � 5/3 �5/9  �8 �. ��.  ��EF-. �+�. :W �E�l �� .,���

 G�/�8 �@��+ G4-��� � �,� :�/�8 �@��+ �,. ?W�. �+

�4� �<H ��,B. :� z<. �,4��� �� ��-4�H� 	!; �+ ��

 +�I�� 	3�9 G� �+ G����-� ��,. �����.18×28×28  ��.

 	!;�,. ����  G4-��� .,� :�/�8 �@��+ f�
 ���/

 	3�9 �+ ��� f�
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