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Abstract  
In the design of embankment dams, the vertical or inclination of the core has its own advantages and disadvantages according to technical and 
economic considerations. In each of these options, it is necessary to pay attention to the amount of seepage, deformations and stresses created in the 
body and foundation of the dam, as well as stability. In addition, the control of the arching caused by different stresses and subsidence in different 
levels and areas, which can lead to hydraulic failure of the dam, should also be considered. In this study, while analyzing the static behavior of the 
"Azad" dam in real condition (with a vertical core) in GeoStudio software, analysis of seepage, stress-strain, arching and slope stability with different 
core inclination (zero , five, 10, 15, 20 and 22 degrees relative to the vertical) at end of construction and steady-state seepage have also been studied 
and compared. The results showed that for a given depth, with increasing the angle of inclination of the core from the vertical position, the seepage 
through the dam body and foundation (especially for angles greater than 15 degrees) and the vertical displacement of the core central line increased. 
Also with increasing the angle of inclination, the average stability safety factor of the downstream slope of the dam increased imperceptibly but for the 
upstream slope especially for angles greater than 15 degrees, there was a significant decrease of 22.6 percent. The trend of increasing the total vertical 
stress along the central core line with increasing depth for different angles of the core did not change significantly. In the case of arching, except in the 
height range of 0.3 of the height of the crest, the probability decreased with increasing inclination angle of the core. 
 
Keywords: Arching, Core inclination, Embankment dams, Static analysis. 
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Figure 1. Typical cross-section of Azad earth dam (Iran Water and Power Resources Development Company, 2008) 

 
Table 1. Geotechnical characteristics of Azad earth dam (Iran Water and Power Resources Development Company, 2008) 

Permeability 

(
�

�
� 

Friction angle  
(degree) 

Cohesion 
(KPa) 

Poisson's 
ratio 

Wet density 
(
��

��
� 

Saturated  

density 
(
��

��
� 

Loading  
procedure Material type 

 4 60 
0.33 19.5 20 

UU 

Clay core 5×10-9 14 30 CU 
 20 0 CD 

5×10-5 47 45 0.3 22 22.5  Rockfill zone (2) 

5×10-5 43 45 0.3 22 22.5  Rockfill zone (2A) 

1×10-5 40 45 0.3 22 22.5  Rockfill zone (2B) 
1×10-5 35 0 0.2 19 19.5  Filter 
1×10-4 35 0 0.2 19.5 20  Drainage 
1×10-6 30 0 0.3 18.5 19  Upstraem shell of cofferdam (1A) 

1.5×10-6 35 100 0.25 22.5 23  Rock foundation 
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(a) (b) 

Figure 2. Total head contour and phreatic surface of Azad dam at the (a) end of construction, (b) steady state condition 
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Figure 3. Flow changes across the middle section of 

the Azad dam in terms of different angles of the core 

relative to the vertical- steady state condition 
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(a) (b) 

Figure 4. The total vertical stress contours of Azad earth dam; (a) End of construction, (b) Steady state condition 
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Figure 5. Total vertical stress variation with depth along the center line of the core in Azad dam for different angles of 

the core- condition of end of construction 

  

  
Figure 6. Total vertical stress variation with depth along the center line of the core in Azad dam for different angles of 

the core – the condition of steady state. 
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(a) (b) 

Figure 7. The vertical displacement contours of Azad earth dam; (a) End of construction, (b) Steady state condition 
  

  
Figure 8. The vertical displacements along the center line of the core in depth for different angles of the core - at the 

end of construction condition. 
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Figure 9. The vertical displacements along the center line of the core in depth for different angles of the core - at the 

condition of steady state. 
  


'-�, #�$%��� �� �� ����   

���>� ,
�= @���3�1 I� +���� !"�� �� ��1? � 

B>W��� CD"E� 1� `�$ �$ C� !"�� )1/0� 2/0� 3/0� 

4/0� 5/0� 6/0� 7/0� 8/0� 9/0� 1 � ��  _�A$� !"�� 1� 

�(`�$ �  ��
�)1 CD"E� � !D��� ��
�< 5��� ) M)��$ 

���� � �89��� )10( ) )11( :
�>� ���� ��9 .5�� � 

�� )� !D��� ) ���  0
 !
)�1 �XE6� ,
�= 

@�� �3�1 �  :
�+(� B>W ��" � :���!"(�
 !  0
 ��V� 

!	4>� ���� ) �-  1� �? ��) ��U
�V$ �6
�+(� ��� ) � 

�a"�� !  0
 !hV� ��e>� �� ��9. ��V� %��447$ ,
�= 

@���3�1 � !�
�V� �  �
��V� M�+3��9 � �
�� 

:�)G< �� �	��� Asakereh & Ahang (2017) ) Komasi 

et al. (2020) �
��V� � �� �F�U� ��.�9�   

��>� !��3 !� 1� �89�� XE6� �5�� � �� )� 

!D��� ��
�< 5��� ) M)��$ ����� �$ B>W 3/0 _�A$� 

!"�� �  :
�+(� !
)�1 �~��H�� ��) %��447$ �����>� 

,���  B>W �&	��� �5�� ��� 1� B>W 3/0 _�A$� �$ C� 

!"�� �  :
�+(� !
)�1 �!"�� ,
�= @���3�1 ��) 

��U
�V$ �6
�+(� ����� 59�� ) ,49 �����>� �� � 

��
�)1 CD"E� ��U
�V$ ���8
 .5�� 1� �(�� �����$ 

5(�
� !� � 2
� �!4��� :
�+(� ,
�= @���3�1 I� 

+���� !"�� � 0
 B>W �5 �t �� � !"�� �
�� �  

��
�)1 15� 20 ) 22 � �� !&�'��$ 1� !� 5F�� �e
� 

��AO) P	< ) 10( ���  ) ! �$�UW �t� :
�+(� !
)�1 !"�� 

5U�� !  ���� �$ �� �$ 1� 15 �!#� �  ,
�= @���3�1 

���	Y @��H� .5�4�  

  

,�
'- 5���*6 7�8 �/���5� �� ����   

!  �&	� �4DH$ ���
�< !	������ �� ��1? �� ����� 

��
�< 5��� ) M)��$ ���� 1� �aY M) ��F�>-� 

���64  �U��# ) ��"�	3��- y
��< � L���+(� 

SEEP/W ���A"�� .�9 P
�"� 2
� ���  !  �� !��>� 

���  I
��9 �-��) �� ��1? !"��) (���� � �)�# )2( 

!��� ��9 .5�� �  !#�$ !  2
� ��)�# ����� ,
�= 

��	4>�� !��  5��[�  � �� )� !D��� r� �� !  M) 

�U��# ) ���-� 525/2 ) ����� ,
�= ��	4>�� !��  

24
�<5�� � !D��� M)��$ ���� r� �� !  M) 

�F�>-� ) � ��  837/1 5�� !� 1� ����� ��V� 

!4O�$ ��9 � �4DH$ ���
�< �84$�"�� ����� ���� 

!4O�$ ��9 I��$ ���1�� ���	a� :$� �8
��? 

(Rahimi, 2013) �+  �$ ) �qF �� ��
�< .5��   

I��"� ,
��= ��	4>�� !	4a  ,���  !
)�1 ~��H�� 1� 

-140

-120

-100

-80

-60

-40

-20

0

-2 -1.8 -1.6 -1.4 -1.2 -1 -0.8 -0.6 -0.4 -0.2 0 0.2

D
e
p

th
 (

m
)

Y-Displacement (m)

10 degree

Real size

5 degree

15 degree

20 degree

22 degree



$%�$& ��
  �'() '��* +,� 

  

 ����12 �  ���	
3 � ���� 1401 

536

���� !"�� �� ���1? ���  54-=)��� ����H  ���
�< 

�84$�"�� !	������ 5��[�  ) 24
�<5�� ) � )� 1�( 

��
�< 5��� ) M)��$ ���� !  5�� ��? �89) 12.( �  

!#�$ !  �89 ����6� �� ��9 !� �	Y�� I��"� ,
�= 

��	4>�� r� �� !  !	��� 24
�<5�� � ��
�< 5��� 

�e"� �) ����	Y !  �447$ !
)�1 ) ,49 !"�� ����� 

284F) ! L�e	� M)��$ ���� �  :
�+(� !
)�1 !"�� 5U�� 

!  ���� :
�+(� ��.� �
 2
� _�=�� ! 5DW 06� ����� 

�6E  1� !	��� 24
�<5�� !� � �4�� I� 56� ��� 

!"(�e� ) ���( �6( g? �qA	� ������� ���  ) ,U� 

�� ��9 �$ ���"  2
� !	��� � �  ,49 :4  �$� ��#� .��>� 

� 24W ���� � !	��� 5��[�  �  :
�+(� !
)�1 !"�� ! -

P
�$ 1� ,
�= ��	4>�� !"��� ��9 ) � !���� ���  

!
)�1 22 !#� 2>= 6/22 �O� :��� !  �� �$2
 

��V� �	-
 0/2 ��.�� �  !#�$ !  5(� ���>� 1� !
�)1 

15 !  20 !#� ) :
�+(� ,49 �F)+� ��? �����$ 

5(�
� !� �4tu$ !
)�1 �
�>$ !"�� �  ,
�= ���	4>�� 

���  ��
�)1 �[�  15 !#� � �� !&�'� �$ .5��   

  

  
Figure 10. The changes of the arching factor along the center line of the core in depth for different angles of the core - 

at the end of construction condition. 

  

  
Figure 11. The changes of the arching factor along the center line of the core in depth for different angles of the core - 

at the condition of steady state. 
  

Table 2. Calculated safety factors of downstream and upstream slope in Azad dam at the two conditions of end of 

construction and steady state 

Analysis Method 
Safety factor 

End of construction Steady state 
Upstream slope Downstream slope Downstream slope 

Ordinary 2.591 2.112 1.837 
Bishop 2.892 2.476 2.572 
Janbu 2.525 2.022 1.928 
Morgenstern-Price 2.612 2.273 2.233 
Average 2.655 2.22 2.143 
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Figure 12. The Calculated safety factors of downstream and upstream slope in Azad dam for different angles of the 

core - at the two conditions of end of construction and steady state. 
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