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Study the Monitoring and Numerical Analyses of 
Rockfill Dam (Case Study of Marvak Dam in 
Lorestan, Iran) 
 
In this study, behavior of Marvak Rockfill Dam with clay core by 68 
m height by using numerical modelling by GeoStudio software and 
monitoring results have been evaluated. In the first step of this 
study, Marvak dam have been numerically modelled by GeoStudio 
software and vertical stresses in the core and maximum settlement 
during construction have been determined. At the next step, results 
have been compared with monitoring results in the various parts of 
the dam. Comparison of the numerical and monitoring results 
depicted that at the elevation 1590 m, 31 m lower than crest, 
maximum settlement in the instrument INC 10 in which located 4 m 
upstream of dam body is 810 mm and numerical results is equal to 
800 mm. Maximum settlement in long term and arching occur in the 
middle of the dam approximately. The value of arching ratio is 
between 0.73-1 which indicate that Marvak Dam is in stable 
condition. 
 
Keywords:   Marvak rockfill dam, Monitoring instrument, Settlement, 
Total stress, Arching, GeoStudio.  

A.R. Mazaheri 

Department of Engineering 
Faculty, Ayatollah Boroujerdi 

University. 

e-mail:A.Mazaheri@abru.ac.ir 

R. Alipour* 

Civil Engineering Department, 
Shahrekord University, Iran.  

e-mail: R.alipour@sku.ac.ir  

B. Shokri Derivand 

Department of engineering, 
Islamic Azad University, Iran. 

e-mail: shokridrk@gmail.com  

  

   



�����    � ��	
���� ������ ��� � ������ ����� ��2 ����� � � !"�� 1398 )153 -164( 

�����  ����	
��� ����� ����   ����� ����� ���2 ���� � � !"�� �1398 

  

  

���� ���	 	�
* 
 ��-.../��0 ��...�1�2  �13.../��0

.���� �0�5�2�  

:7"����38� 	��  
R.alipour@sku.ac.ir 

����	� ���� �����  

 �7..."�39:;< 1...��� =��...���5

>��� 0��? ��-/��0.  

:7"����38� 	��  
shokridrk@gmail.com 

  

  

1
  

1 - �����  

 ����0 ���"� � �����@� ��0�A�B� �C� �� ��1�

 �0�� ��"�D 	"����   EF�:9 �0 ��1� �G� .1���D

 H? I" J9 ���2� � �;����� KL��  ����� ������/5

 �"C�9 � ����5 �7��38���1"� �<��� 1"8:9 ���1" ��?

E��
0�� �0 H? ���@ M1� ��"N � �� OD�B  .	�� E@:9

ED  M1� !"� � ��1� ����
�� E�!� �0:D P�D 	Q�

 ���1� ���1�� �� ���� RB�:� 	 �
� � 	S�TU E8J� 

��� 	"��� �� ��1� ���1�� ����  �D���� � ���12-�  ��

 E"Q5 �0 1� ���1�� 	"FV� I"�W9 .	�� ��0�:
�D

                                                
 * :��1�� �:Y�   

 	Z��0 :[��922/11/1398 ��-���D �23/03/1399 ^�_� �27/03/1399. 

 (���"�0 E���� DOI): 10.22091/cer.2020.5223.1194 

 ������ �0 �2�? ���-����Z� � 	�� ����V �U��L OU�� 

a3� � 0�3Q�� �D���� ���� I� O�F8�  �0 �2  ���

 �	
�� �� � ���0 E� ��F ���_b��D cQ�d  e���

���2D �� � � ��"-D? I"8� �0�D �� 0��0 	"��� ��"�D]1[. 

ED �D ���"�D M�F8�f  ��1� ���1�� �����D �:C�  ��� 

 .	�� �10�b g���� ���D E�� � �5�
 h�!D ���1�

:�i5�� � !3"b2

1� ""j9 k��� E��G  ED�O3� ��_�  ���

 �D E��:"� ��0:;< �1� 	lm M�1��/  �0 �FB�� �GZ�

���Z�  ��/b�D !"8��? e�:9 ���: �0 =:���:  �5�
 1�

�1  �? �0 E5 1��
�0�� �01�  �D 1� �3"�39:;< ����

 �� �0�T���g�� ��!Z� O:� 0�3

2 �D E5 ���8� ^�� =���

E�"�� �2�? .1� g���� 	�� ��:��� 0�1n   E5 1�0�5 ��"b

                                                
2

1- Gikas and Sakellariou 
3

2-  Z-Soil 

����� �� ��	
� ���  ������ � ���� �� ������  ������������ 

)��	��  !��� �� ���"� �# �$�(  

  
�0 I�  o�T9�� ����0 E5 ��� E��� �D >��  �5�
 1� ���Z� K"Gn968  �� �  �1��D  �0�T��� �D

 ���1  ���� �01� g�� ��!Z� GeoStudio ��!D� � .	�� �10�b ����D K"B0 1� I� E�1�� �1�D�

 �0 �5�
g�� ��!Z�� �1   � �1� ������9 �� I"U �0 E�"/"D 	�/� ��1G  � E��� �0 �;�B �

 .	�� �10�b I""F9 	
��k��� ��-�? 	;��B �D ��!D� ��� �0 �1� RA� K"B0	��B �� cQ�d  �

1� E�1D .	�� �1� E��G  O"Qn9 k��� E��G  	;��B � �01� ��� ��!D� ����  ��/� K"B0  1�0

 o�T9�� �0 1� 	
�� ���9 E5 ��� �1590 ) ��0 pf� �� ��� 31 I"�� ��   1��D (1� q�9 �� �9

�r5�1U ���1�� 	�/�  ��!D� �D 1� 	
�� ���� �0 �1� ��"bINC 10-1  �0 E54  	�0P�D ��� 

� �:n RA� 1 	�� �1��  ��1G 81 �����  ��  �0:D ���� �0 	�/� ��1G  �01� O"Qn9 k��� �

 �D��D �� EfG�80 �  ��/� ���"����  ��!"  I��/"D .1�0=:B ���0 �0 �;�B 	�/� � �b0� M1 

�  s� 1� e�� �0 �l�G9  R�V ��1G  .1�0=:B �b0�  I"D73/0  �91 �  1��D  I� �-��"D E5

.0��0 ���B ��1�� 	"FV� �0 >��  �� E5 	��  

�����  �!"�#:   �5�
 1� ��!D� �>�� K"B0� O5 ��9 �	�/�=:B � �b0� �GeoStudio.  

��%�&� �'	�()�  

   ��-../��0 ��..�1�2  �13../��0

	? t� �0�@��D.  

 :7"����38� 	��  
A.Mazaheri@abru.ac.ir 



154  ����D 1� ���Z� �01�  E��G  � �5�
 �? �D�0�0  ���K"B0��!D�  

 

�����  ����	
��� ����� ����   ����� ����� ���2 ���� � � !"�� �1398 

�!@� ^��� ���1�� k��� �D 0�1n  �FB�� ��"b� ^�� 7 

 ��1�� M��""j9 �0�5 ��l"8�5 � ����D ���D R��� 

�1  M�F8�f  �� Ou�U  ����	�� ]2[.  ��� �02011 �

��� H����� � �: 4

3�  � I"v �0 g:-� g�� 1� ����D ED

��� E��G ��!D� k E�"�� � 1��
�0�� �01� O"Qn9 � K"B0

 �0 �Qu� �8�v 7 1� p8�A  ^!
 E5 1��Z�b

�"� ""j9 ��"D�O3� 	�� �� ]3[. ����3�� � :��<5

4  �0

 ���2016� 1� ����D ED  �2�? .1��
�0�� I"v �0 �5�


�� �0�T��� �D ��� ����:��   ���D �� O
�19 ��� � ���

""j9 �D M��C��O3� 1�0�0 g���� 1� pf� ��_� ]4[ .

�2"GZ � ��;�U�  �� � �0 ��G8�L 1� ���Z� ����D ED

��� E��G  �D �2�? .1��
�0�� 	
����!D� k � K"B0

O"Qn9 ��� ��5�� ED �1� g���� �f
 7"��P� �1  �1 ?

""j9 I""F9 �0�O3� �!�-�� ���1� �0 ��  ED �5�
 � ��

1�0�D �� E��� �0 w:A
 ]1[ .����-/����  1�

�"Q�1�:�b � 1� 7 E5�-��! ��  �DE���  x:Qd  ���

�   �� 1��DED 1FD�0 M�:u �� �0�T��� �D � �g�� ��!Z� 

FLAC O"Qn9 1�0:��.  E5 0�0 ��/� �2�? K"Gn9 k���

	�/� �0�G  0��0 ���B ���  �0�1n  �0 1� ��� ]5[ .

�!"� ��-0 ��GGn  ����D ED 1�:�b 1� ���Z� �D �"Q�

��� �� �0�T�����!D� k 1��Z�b E�"�� � 1��
�0�� K"B0 E5

	�/� �r5� ���  E�1D 1�s� 	
�� I"U �   I� � 1�0

	�/� ���B ���  �0�1n  �0 �� 0��0 ]6[ .1� �0 ���

ED �5�
  �0 �1� 0�3Q�� � ���Z� ����5 �:C� 	��B �� �

d ��!D� cQ�d  y���� �0 � E�1D cQ� ����5 	2@ ���

� ��9 � �;�B ��9 ��_T�  H? ��/Z�  RA� �GZ  .00�b

��!D� I� �� �0�1F9� �� � �L �0 � RA� �L�  0:
 ����5

�  	�0 �� �� ���� �0 	�� g�P I��D��D 1��0  �� ��

�� � O"Qn9 ��  ����!D� k��� ����5 �:C�  ED �TQ�d  ���

0�"b M�:u .  

                                                
4

3- Moll and Straubhaar 
4-5 Zhou et al. 

O"Qn9 � E!�9  �1"z"� O;��  OU ���D �01� ���

ED ���1��  �  �0�T��� �0���b �:L0:� ]7 -11[. ED  �:L

�:l"� 1� 	�/� ���Z� ���r 6

5  � ��� � 	
�� �:L �0

1FD�0 O"Qn9 � E!�9 �� �0�T��� �D �E"8�� ��"-D? ���8� �

 ���GGn  .	Z�b ���B ����D 0�:  0�1n  �D �� k���

�0�0 ���1�� ��� 	�/� g:B� �0 K"B0��!D� ��"b  !"� ��

1�0�5 E��G  ]12[E��G  �D . �� k���O"Qn9 E�:-  �D ��

 	"FB���	�� K"B0��!D� k��� ���� E5 ��i�  �D

�  ��01� O"Qn9 ED �/dD��l���  �l���  ���l  ��:9

��/b�D O"Qn9 7 g���� ���D7

6  ED �:AU ���D

 0�5 0��� �3"�39:;< K"B0 ����� ����]13  �14[I� �D . 

n9 I� �� Ou�U k��� ���UO"Q �  ��  �l���  ���l  1��:9

O"Qn9 ���D  ����0 �0 ���-����Z� EQ�@ �� �1FD ���

��2D .1��D 1� �3" ��0 �01� O"Qn9 � ���0�D  

 � ����3�� � �8:3/5 ��:��� �����3�� � ����5

�� � ����C ��!D� k��� �� �0�T��� �D ����3 ED K"B0

ED�@ ����D  ��/Z !"� � �;�B � �GZ� ��� ��@��TU H?  ��

 gi� q��0 � H���0 ��D0�� ����:� ���1� �0

E�
�0�� 1�� ]15-18[.  

K"Gn9 I� �0�  1� E�1D �1�D� 	�� �1� �F�

 �0 >�� g�� ��!Z� �1  �01�  k��� a{� � 00�b ����

 �� Ou�U��9 ��	�/� � =:B �0�G  � ��  �0�G  �D �b0�

 E��G  0��1������� 	;��B �D E �0� �0 ���!D� k� �0 K"B0

1� E�1D cQ�d  x�G�� �1  �� Ou�U k���  �01� ����

.0�"b ���B �D���� � E��G  0�:   

2- +#	 # ���� �%  

2 -1- ,#�� �� �-�.�  

 EQu�Z ED � �����8 ����� �0 >��  ��!d  1�

 0�1U40  .	�� �1� |B�� 0���0 �����2� �� ��� :Q"5

 �� ��"9 E��
0�� ��� �D 1� I�E
����  �0 � �0 0�� ���

                                                
6

5- Shuibuya 
7

6- Back Analysis  



1�:3�0 ��3� � �:� �8�� �����C   155  
  

 

�����  ����	
��� ����� ����   ����� ����� ���2 ���� � � !"�� �1398 

 ������ 	�0P�D ��� :Q"5 �0 0�1U EQu�Z >�� 

 1� q�9 �:L .	�� �10�b }�1U�486 q�9 ~�� �12 �

 �� �� 1� o�T9��68  Ev��0 �:L �8500 �  ��   .1��D

 I"�z�� 1� q�9 ���91621  ��  	U��  � ��0 pf� ��

 Ev��0680 �  ���3� �1� 	
�� �� �1� .1��D " J9 I

 0�1U �0 1� H��� �����/5 EF�:9 �V��� �D? ��"�32 

 	"QD�B �D � �:
i"� 	�0 �0 RF3 ��  �:"Q" 

��"
�  0�1U �9 ����100  �0:D ��� �0 RF3 ��  �:"Q" 

 	��]19[.  ��-�
���!d  1�� �� �>��  0��b1 

 �"I ����� �����  �0EGf�  q1���- �"���@�  �0

H:�@ �B�� ���� � 0�@��D �2�  �D�N�2�  ���B 0���0

9 E��
0�� ���-�
�� �0 .0��0"�� :� ��� ���
 �����  ED

:�� ��
�D H:�@ ��@�� E-�9 � 0��0 ��  �:L ED688 

��� �0 ��  ��� �:QD 7�?�I � � aQT��:�"	�  �TU

�0�5 	���1�D� �0 ��-�
�� .� 0�b H�d��� E-�9�1 	�� 

]20[O3� . 1I" � |fG  �  ��/� �� 1� ��1�2  �����

�  .1�0  

2 -2- ,#�� �� ��� /�0�	���� 123��  

 ���9 �0 � >��  1� E�1D cQ�d  ��� 	��B �0

 �1� g���� K"B0��!D� RA� M�"Q�� �:b��:b ���T9�� ���

.	��  

  
 O3�1 - I" � �V�� |fG  1� On  ����� ]19[ 

 |fG  �0 ��!D� I��/"D10-10  |fG  I��b�!D E5

�  1� 1��D� 	�� E�Z�b ���B. |fG  I� �_8� ED  ��:��

O"Qn9 g���� 	2@ 1� ����nD |fG  .	�� �1� H�d��� �� 

 O3�2�  �0 �1� RA� �����!D� RA� On  � 1� |fG 

 |fG  �0 cQ�d  ������910-10 �  ��/� ��  �0 E5 1�0

�� ���� ED ��� E��� 3  EnTu 7 �!�5�
 �� 

�E��:� �0 �	�/  �� ���� ED ��6  �� �0 �� �0 � �� 6 

	�/� EnTu ��   �1� RA� k�� 	��]19[.  

o:��  �0 1� E�1D O5 �0 156  �1� RA� ��!D�

0�1F9 I� �� E5 	��� 90  ��� �!"� 01�29 01� 

��9 k�� � 8 	�/� 01� ED 1� E�1D O
�0 �0 k��  ��5

 ��1@ �0 .	�� E�Z�1  RA� ��!D� 0�1F9 1� E�1D �0 �1�

.	�� �1� �0�0 ��/�  

 ��1@1- ��!D�>��  1� �� � E�1D �1�D  

�1� RA� ��!D� o:� �1� RA� ��!D� 0�1F9 

7��38� �� �!"� 24 

�1���b���5�� �!"� 32 

k����/Z 29 

���n�� k�� 8 

�:"��1�:Z ����� �!"� 34 

	�/� �nf� k�� 27 

H��� E8!8� 	��-� 3 

2 -3- ���  �5��,#�� �� ��� ����  

2 -3-1- ��6 ���.7 # ��� ��.�� 8���9% :�;<=�  �%  

ED �1  �:C�   �� 1� E�1D ����g�� ��!Z� 

GeoStudio w:A
 I� �0 .	�� �1� �0�T����  ��"�

 EQU�  ED EQU�  E5 E�1D �FB�� ���@� 1����� 	��

�  M�:u �!�5�
 0�"b�  �0g�� ��!Z�  	��� Ou� I� !"�

 .00�bOB�1U EP 0�1F9 ��� g�P ���D �1"�� ED k��� 

�:GF  �1  �0 ��� 1� ��9:"{ �5� H/9  �H/10  E���

 E5 �1�H  1� �� �� o�T9���   1��D]20[.  1� o�T9��

 �� �� >�� 68 �  ��  1��D� ���� ���  0�1F9 OB�1U

EP �1  	2@ ��  ����7 �  EP �1  �0 E5 1��D  ����

 k��� 	B0 �0�D P�D 	2@ �1� g����12  �C� �0 EP

 .	�� �1� E�Z�b  



156  ����D 1� ���Z� �01�  E��G  � �5�
 �? �D�0�0  ���K"B0��!D�  

 

�����  ����	
��� ����� ����   ����� ����� ���2 ���� � � !"�� �1398 

 
 O3�2 -  (c8�) |fG �V�� 10 -10  (H) � >��  1� |fG  �0 K"B0 ��!D� RA� On 10 -10  

2 -3-2 - ��6 :�;<=� >� # ,�? ��% ��9�  

 O3� �03 �EP �  � �1�D  �0 1� E�1D �1�D

g�� ��!Z� .	�� �1� �0�0 ��/� lL ED E@:9 �D"	F 

N"f
�� �39:;< p8�A "7 ED ��� ���Z� �1  �>�
� 

N"f
�� ��i�:��P�"7 ��: - R�8:5� E5  E�
��� �1 

�1� �  �� 1��D�  H�d���	�� �1�. j� "���� � 0�: "�� 

1�9��l� �1  �0��P� ��1  �w:Ad  ��� :��"�"�E� 

�VR :����:� b1�l�v�� ���E Q
�0 >�3fu��� ���E 

.o��9� �1@ �2 p8�A  �3"��3 :;< ����� ����  �� 1� E�1D

�  ��/� 1�0.  

  
 O3�3 -  �V�� |fG  ���D �1� 0��� 0�1n  ���8� E3l�10-10 >��  1�

2 -3-3- ��� @)��� # �5�� A���� �5��  

ED R���  ���  e��� 0��� �:C� � ��b  c5 ���

 	2@ �0 �0 ��X  �Y � ��b  �0 ����5 ���  ��� 	2@

X 10�b 1"G � ED .1�� K"B0 �1  ED �D�"��0 �:C�   ��9

�1  ED 1� ���� EQU�  M�:u  �0 � ��12  g���� EQU� 



1�:3�0 ��3� � �:� �8�� �����C   157  
  

 

�����  ����	
��� ����� ����   ����� ����� ���2 ���� � � !"�� �1398 

 �1��9 ��3 � �1  ���� EQU�  �� ����0 	
�� E�1D 1� 0��� .00�b  

 ��1@2- �0�G  >��  1� p8�A  ����� ����  

p8�A  o:� 
�:T� ��_�

)m/sec( 

 R�V

�:��:� 

��1   7"��P�

)kN/m2( 

�b1�l�v  

)kN/m2( 

>�3fu� E���  

)deg( 

 w:Ad  ���

7/
  

)kN/m3( 

 w:Ad  ���

H:L�   

)kN/m3( 

E��� 9-10×5/2 3/0 20 20 18 18 17 

E��:� 3-10×1 2/0 35 �Tu 30 20 19 

 E��:�

	��0 E��0 
4-10×1 2/0 90 �Tu 44 21 20 

��Q"Z 4-10×1 2/0 25 �Tu 25 21 20 

�3�� 4-10×1 2/0 25 �Tu 25 21 20 

�:"��1�:Z 10-10×1 3/0 40 100 27 22 21 

  

g�-�� �0 	
�� �1  EP EQU�  �� �� a�  �1�D

e��� ��9 ��� �0 0:@:  �"� ���-�
�� �� }�1U� 1� 

�1  �  a� � 0:� ����� �� e��� E"8�� � e��� ����  

�� 0�:  1� O"Qn9 ���B E�Z�b  .	��	8�U I� �0 ��1  �

�0� ? 0��� e��� 11@ E5 ���� ��� 0EP ��� 

�!�5�
 �  	�� 0 .1��D� I� e��� ��D 0��� �� EP 

�!�5�
� O"Qn9  �9�1"�� ED e��� �0�F9 �E �0� 

�  �0 .1D� 	�2� ��D c�F9 EP ��
? e��� ���� 	
�� 

�1  �   .0:�ED O"80 OU��  �� � ���3Q� 	
��  E�1D

1� �0�1F9 .10�b �0�T��� �Q"f��  �  �� O5 

���8� ��� �0 �C� E�Z�b �1� ���D 1� �0 �r5�1U |fG  � 

�� ���F�@ 4871  � ���8�4275 ��b �   �r5�1U � 1��D

EP 	 �dV �1  �!�5�
 ���� 8  I"-��"  �D � �� 4 

�  ��  .1��D  

2 -3-4- CDE  �F9���� �5��  

ED 	nu �:C�  �1  �k��� ����  ��1b 1� ����

 o�T9�� �D �����:
 �0 �1�8178  e�:9 �� g�� ��!Z� 

GeoStudio/Slope �:C�  I� ED .	Z�_� g����� 

�1  ����  cQ�d  k��� � 	Z�_� g���� �1�8 ��1b 1�

�1  ���� ��!D� k��� �D �01� �0 .10�b E��G  K"B0

 O3�4� ED�@ k���  ��/� �1�8 ��1b 1� ���D �;�B ��@

 E5 	�� �1� �0�0��!D� k��� �D �D:
 ��"�D KD�f9 K"B0

.0��0  

  
 O3�4 - 	nu  g�� �1  �����1  �D ���!Z� ED �D �1�8 ��1b 1� ���� ED�@ �0��? 	�0 ��@ 1� E��� �0 (H) � (c8�) �;�B ���  

3 -  # G��2 HD�  a� �� ��"D �:n� �1  ���� � M�Ad/  � ���9 ��!D� 

RA� �1� �0 E�1D 1�� ��"� 	�� �9 k��� DE 	�0 �1 ? �� 

O"Qn9 ��� �01� 0�:  �D���� � ����D K"B0 ���B 0�"b .



158  ����D 1� ���Z� �01�  E��G  � �5�
 �? �D�0�0  ���K"B0��!D�  

 

�����  ����	
��� ����� ����   ����� ����� ���2 ���� � � !"�� �1398 

�0 I� 	��B�  �0 ��9 � 	�/� �� Ou�U k���

	��B ���  ���B ����D 0�:  1� E�1D cQ�d  � .0�"b  

3 -1- �� �2��
 # �23% C3=  

 �� �3	��B �� �? 	�/� E5 1� E�1D �Qu� �

�  �2  ���:�� 1��D�  >��  1� �0 .	�� 1� E���

 |fG 10-10 	�� 1� |fG  I��b�!D E5�  �L12  EP

�1  �1� ����  �0 �? 	�/� �	��B �� cQ�d  �

.	�� �1� I""F9 O3� 5 � |fG  �0 �;�B 	�/�10 -10 

�  ��/� �� O"Qn9 e�:9  �0 �;�B 	�/� E�"/"D .1�0

���9 �0 � 1� �:n  �0 	
�� ����50  �� c5 �� ��� 

�D �D�120�  ���"����  	lm 	�/� ��1G  �r5�1U .1��D

��!D� e�:9 �1� ��!D� ED x:D�  K"B0INC 10-1 �0 E5 4 

 ���9 �0 1� �:n  	�0P�D ��� 46  RA� �� �� ��� 

	�� �1�� �D��D 114 �  ���"����  o�T9�� ED E@:9 �D .1��D

68 �1� ���   0�1U �0 	�/� ��1G  I�7/1  1u�0

�  1� o�T9�� =����D .1��D  ���1� �-0 ���F�  	�/�

I"D E5 	
�� ���� � I"U �0 �"�0 1  �92  o�T9�� 1u�0

�  ���  1� 1��D ]2� 3  �4[ � 1U �0 	�/� ��!"  I�

 cQ�d  �0�G  ED �D�"��0 OP0 .0��0 ���B �:�F 

 �0 	�/�	��B �� a�@ ED �-��D E�1D cQ�d  �

:9 ��D !"� � E��:� � E��� p8�A  |���9 ��  �2�? �0�G  �

 �0	��B ��.0��0 1� �:b��:b �  

��������	  �� ��6 ��� �� ���� ���� ���� �

����� �� ����� ��� � !��" �#$%& ��� � �� '#��

(	 .���� *+��,- *���. /#0 �1�� 2�� �#�  �� *,#�

 �.�� ����0 �� �#$%& 3��&114 * ��� - 6��& �� � � 

1585 *- .���  

  
 O3�5 - |�:9 1� E��� � E�1D �0 	�/� �0 ���� �  ���"���� ED �0�G ) 	
�� (1���D  

ED �  ��/� k��� I� ��Q5 �:L  ��!"  E5 1�0

 �0 �;�B 	�/�	��B �� I��/"D 1� E�1D ���"  �

�  ED��9 �� 0:
 �0�G   o:V:  I� .1�5�  ��  ��:9

ED  �� �0�T��� � 1� E��� 	��B ~�� �1� �5 O"80

ED 1� E��:� E"39 7 ��:��  ��!Z� �� ��"b:Q@ �0 ��b

 �0 	�/�	��B ��.	���0 1� q�9 ED 70!� �  

  
 O3�6- M��""j9 	�/� �0 ���� 	
�� � E��G  k��� O"Qn9 �01� � ��!D�K"B0 INC10-1  



1�:3�0 ��3� � �:� �8�� �����C   159  
  

 

�����  ����	
��� ����� ����   ����� ����� ���2 ���� � � !"�� �1398 

���1�� �� Ou�U k���  E��:� �0 �;�B 	�/� ��"b

I"��  O3� �0 	�05 ��1G  .	�� �1� �0�0 ��/� 

 �D��D O"Qn9 �� Ou�U 	�/� E�"/"D79  � ���"����

���1�� 	�/� E�"/"D ��!D� e�:9 �1� ��"bK"B0 

INC10-2 R"/� �0 	
�� ��2��� �0 � 1�D� 68 

 E5 	�� ���"�������Z� KD�f9� H:
 FB�� 1����  	�/�

���1�� b"�� E��:� �0 �1� �� ��/�  � 1�0��n�  . ��� 

	�/�  ���-/���� ��� M�G"Gn9 k��� 1����� 1�

��2� O3� 1����� ��� �0 �� EQU�  �� ��!�5�
 

EP ��� I��� ���@� 	�/� �1"� �0�5 � 	�/� �r5�1U 

�l�G9 �0 ���9 ���"  1� |B�� �  00�b ]5[.  

�G  �DE� ����0:���  E��� 	�/� �0 O3�6  �

 E��:�I"��  	�0 �0 O3�7  ECUi  � E5 0:�  ��1G 

 E��:� �0 	�/�I"��  	�0 �0 	�/� ��1G  �� ���5

	�� E��� E5 80"O j9 �?""O3�� _���  p8�A  ���5

	��0 E��� p8�A  ED 	l�� E��:� E��0 ��� .	��  

3 -2- ,#�� �� ��� 	� 1I�0 >97  

ED � � O5 ��9 ����5 �:C� "! ���D� 1��1 

=:B b0�� �0 1�  >��  ��9 o:� �O5��/Z �:Q� ��!D� ��

 |fG  �0 .	�� �1� �0�T��� �F9� 10-10  ����D ���D

O5 �;�B ��9 	"FV�� 14  �0 O5 ��9 �:Q� 01� E�

 ���91560 �1585 � 1605 �1� RA� 1� 1��.  

�:n� � ��9 �:���5 k���  ���� �0 �;�B ��9 |�:9

 O3� �0 	
��8  ��1G  .	�� �1� �0�0 ��/���9 �� �

 o:V:  I� E5 	�� ���5 E��:� ED 	l�� E��� �0 �;�B

ED �  E��� p8�A  ���5 ��d� 	Q� .1��D  

  
 O3�7 - k��� ED 	�/� 	�0 �1 ? �� O"Qn9 � K"B0��!D� 10-2INC  

  
 O3�8 - 	
�� ���� �0 1� E�1D g��9 �0 �;�B ��9 |�:9 �:n� � ��9 �:���5 k���  

�0 On  ��A9� E��:� ED E��� 1� ED  �""j9 	Q�

p8�A  a�@ � �""j9 ��1  7"��P�  	�/� ��1G  �2�?

 M��T� �  1��D. I� M��T9 ��1G  	�/�� Rl� �  0:� 

EP >�
 ED p8�A  ��� g��9  �? I�� ��� 00�-� OG�� 



160  ����D 1� ���Z� �01�  E��G  � �5�
 �? �D�0�0  ���K"B0��!D�  

 

�����  ����	
��� ����� ����   ����� ����� ���2 ���� � � !"�� �1398 

 E5ED o:V:  I�  O3� �0 �D:
8 .	�� �1� �0�0 ��/� 

EP �0 I"�� ��� �9�  �0 ��9 ����:��5 R"� �""j9 I�

E��:� ED E��� ��A9� On � �  ��/"D .0:�  

 O3�9� ED �;�B ��9 k��� � O"Qn9 �� �1 ? 	�0 

��!D��0 �� K"B0  ���91560  �0 �10  �:n  	�0P�D ��� 

�  ��/� 1� 1�0.  

  
 O3�9 - ED �;�B ��9 k���  ���9 �0 K"B0��!D� � O"Qn9 �� �1 ? 	�01560  �0 �10 	
�� ���� �0 �:n  	�0P�D ��� 

��1G  E�"/"D ��9 �;�B O5 Ou�U �� O"Qn9 �0 

E��� �0 I� �0 �|fG  0�1U 790  ���9 �0 ��3���:Q"5

1560  ��!D� e�:9 E5 EfG� I� �0 �;�B ��9 I��/"D �

pc-3 ���1�� 	�� �1� ��"b ��1G  �870 :Q"5 ��3���

�  1��D.  �;�B ��9 �01� ��� O"Qn9 k��� =����D

 ���9 �0 Ou�U1585  ��1G  �	
�� ���� �0450 

 ���9 �0 � ��3���:Q"51605  ��1G  �	
�� ���� �0200 

�  ��3���:Q"5  .1��D�:�F  �:L ED� ��/Z  ��!Z� �D O5

�!�5�
 �� ���� ��D��� �  �0�!Z� .0:�  

ED �:C�  �D���� � E��G  0�3Q�� �� �� Ou�U k�

K"B0��!D� 	�/� � ��9 � �1   Geo-studio�� 

�:"��b� ��"j� 1�v � �� ��"F   �;���5��- c"Q39��8

7 

 �0EfD�� )1( �0�T��� .	�� �1�  

)1(  
( )

( )

n 2

i ii 1
n 2

i avei 1

P O
1

P O
NS =

=

−
= −

−
∑

∑
 

�0 EfD�� I� �n 0�1F9 E�:�� ��� Oave I"-��"  �0�G  

�9�1��/  � Oi� Pi DE R"9�9 �0�G  �1��/  �� � �0�G  

�"� ��"D �1� .	��  

I""F9 R�V� ��/� �  1�0 E5 e
 �:"��b� I"D 

                                                
8

7- Nash–Sutcliffe 

�0�G  �"� ��"D �1� � ���1�� ��"b �1� �9 Ev ��1G  ED 

e
 �:"��b� �D R"� �7 �0 .	�� 70!� M�l��n  

��1Gv�� ��1G   NSED 01� 7 70!� �9 1��D� ��-�? 

����5 ��/"D �1  �� ��/� 1�0 �  ]8[. �0 |B��� Ez���v 

��1G  NS �0�F  00�b 7� ^���D �Q �5 �� ��/� 

�  1�0 � �-��"D y�lf�� O �5 I"D �0�0 ��� �9�1��/  � 

�"� ��"D �1� ��	� �D .����  EfD��1)�D ( ��� �0�0  ���

 ��9�;�B �9�1��/  � �"� ��"D �1�  O3� �010� ��1G  

R�V I""F9 99/0 ED 	�0 �1 ? E5 �-��/� �� ���:
 

k��� x:D�  ED =:B R�V ���D �b0� K"B0��!D� �0�G  � 

�0�G  g�� ��!Z� �  .1��D  

�:f���� E5 �0 O3� 10 ��/� �0�0 �1� 	�� 

�0�G  �"� ��"D ��9 � 	�/� �0 x�G� � ������9 

cQ�d  E�1D 1� �D k��� 	;��B �1� K"B0��!D� ���D 0�1U 

30 EfG� M��T�  E��G  �10�b 	��.  

�:f���� E5 �d/  	��  ���1�2  ��n8 ��k��� 

DE 	�0 �1 ? �� O"Qn9 �01� �D 	B0 �l���  �D k��� 

�1��/  �� K"B0��!D� �� ���:
 0��0.  �i�
���"  

�"� ��"D  �0�1  ���� ��� �01�  �k��� ��!D�K"B0 

 0��:  O �� �91���� �  1��D:  



1�:3�0 ��3� � �:� �8�� �����C   161  
  

 

�����  ����	
��� ����� ����   ����� ����� ���2 ���� � � !"�� �1398 

c8� - �G9R ��� ^�� �0 E5 ��� 01�� ��D� 

��" D��" 1��1 ��� Z�3!" ED   ��5�  �9 1���

� J.1��D OU OD�B E8  

H-  �:n� � p8�A  ���Z��1  ����  �0 �2�?

g�� ��!Z���� �01�  0:
 E5����0 �b1"z"� ��� 

 0:
 w�
�  1��D.  

q-  O;�� ���@�  	 �dV � �5��9 �:n� �EP  ��

ED  M�:u ED 	�� I3�  E5 g�P 	D:L� ����� �����

���3 .1���l� �<:�� �  

  
O3� 10 - ��D ��5��� ��0:��� 0�G � 9�1��/ � � �"� D"�� �1�� ) ��9 �0�G  (c8�	�/� �0�G  (H) �  

3 -3-  J���
 ��	��K�0 �!�5 �� ���  

ED E��� p8�A  �5��9 O"80  	 ��G  � ��/"D ��_�

 ED ���/"D O��9 �8�G��� �U�:� � E��:� ED 	l�� ����5

�Z�L �� .1���0 	�/��  ED	Q�  �0 ���D 	 ��G  0:@�

 ��Q"Z � E��� I"D >��/  OAZ)E��:� �(  p8�A 

	d� 	�/� I� OD�G  �0 ��Q"Z �9�  �0 � �0:�� 	 ��G 

�D 	 ��G  E��� p8�A  E5 �9�:u E���0 �P�D ��

1��D� �   �E��:� ED E��� p8�A  �0�5 E"39 �D 1��:9

 �1� OG��  E��:� � ��Q"Z ED E��� p8�A  ��� �� �/dD

 p8�A  ��� 0:@:  ��D�� �� ����B �2�9 E�"�� �0 �

EP ED E���  OG��  �? I�� ��� 0:�]7[ I��D��D .

 E5 ��"FV� ED 	l�� E��� p8�A  �0 ��9 pf� g��9

) ���D��γhEP ED ( �  OG��  I�� ���  ���5 �0:�

�  �0 .1D� |B���  �� �0 0:@:  ��D�� ED �;�B ��9 	l��

) EfG�σv/γh��/� (  E5 	�� ��D�� ��� �� �/dD �1��0

EP ED �� .	�� �1� OG��  I�� ��� 	l�� I� Ev

EP ED ��D�� ��� �� ����5 ��1G  ��F 1��D ���5  ���

9 � ����Q"Z ED �? �� ���/"D ��1G  � �1� OG��  ����n

	�� �0�5 E"39 E��:� ]10[.  

 O3�11� =:B R�V M��""j9  �0 �b0�10  ��� 

 ���9 �0 1� �:n  �� �9P�D1560 ) ��� 61/5  �� 

I"�� 1� q�9 �� �9( �  ��/� �� �:f���� .1�0 ECUi  E5

�  =:B R�V M��""j9 1��� 0:�  �D �b0� o�T9�� �!Z�

��i� .	�� �/��5 1��� !�5�
 �? �D  O3� ED E@:9 �D

12 =:B R�V M��""j9  ���9 �0 �b0�1560 )61/5  �� 

I"�� (1� q�9 �� �9  �0 �10 I"�� ���   1� �:n  �� �9

=:B ��1G  ��Q"Z �30!� �0 �b0� E@:9 �D .	�� ��/"D �

ED O"Qn9 k��� E3�� ��9 �;�B EfG� I� �0  �	�� ��/"D

I� �� n9 k��� ����!D� k��� �D O"Q�  M��T�  K"B0  .1��D

ED � � I� "80 �0 >�
 �U��L ����� ���� �0 M��T9 O

�D O�� 	"FB���  M��T� �  1��D � �-0 �/dD�  ED

���U� R��� �� 0�3Q�� � � �f
 ���D �	�� ��!D� I�.  

�� �;���5 ��"F  El��n  �D -  EfD�� c"Q39��)1( 

�"� �0�G  ���D �1��/  � �1� ��"D  R�V ��

=:B �b0�  ��1G 86/0 DE ��1G  I� .	�� �1 ? 	�0� 



162  ����D 1� ���Z� �01�  E��G  � �5�
 �? �D�0�0  ���K"B0��!D�  

 

�����  ����	
��� ����� ����   ����� ����� ���2 ���� � � !"�� �1398 

�� �-��/� �:
��!D� �0�G  I"D R���  ��l�� �� � K"B0g�� ��!Z� �  .1��D  

  
O3� 11 - =:B R�V M��""j9  �0 �b0�10 �� � �9P�D  ���9 �0 1� �:n  ��1560 )61 I"�� ��  (1� q�9 �� �9  

  
 O3�12 - =:B R�V M��""j9  �0 �b0�10 �� � ��"I �9  ���9 �0 1� �:n  ��1560 )61 I"�� ��  (1� q�9 �� �9  

 O3�13� =:B 	l�� M��""j9 ��n�   �0 �b0�

�  ��/� �� E��� �:n  o�T9�� ���� .1�0 E�:b E5  �1��/ 

�  �0:� I���5 ��!"  =:B R�V  �b0�)I��/"D 

��1G  =:B �01� O"Qn9 �� Ou�U �b0�(  ��1G 73/0 

��l�G9 E5 	�� �0 e�� o�T9�� 1� s� �  9 .1�0M��""j 

=:B �b0� a� �� o�T9�� ��!Z� ��!�5�
 1���  �/��5

�� ��/� �  1�0. ED�@ ����:���5 ED E@:9 �D  ��@ �;�B

 O3�6ED�@ E�"/"D E5 �  ���9 �0 �� (	�/�) �;�B ��@

1590 �  ��/� ED �1��0 =:B R�V x�l9�� �D:
  �b0�

�  �d/  E��� �0 	�/� �  ��!Z� ��:b � 0:�

=:B M1� 0� .	�� E��� �0 	�/� ��!Z� �D �b �0

o�T9�� �9P�D ���� =:B 	l�� �0�G   	��� �D �b0�

�  ��!Z� ���/"D  E��� 	�/� ���5 �? O"80 E5 1D�

=:B R�V ��1G  .	�� �9P�D o�T9�� �D x�G� �0  I"D �b0�

73/0  �91 �  �"D E5 1��D �0 >��  1� E5 	�� I� �-�

	"FV� �  ��1�� 	"FV� �0 	
�� ���� 1��D.  

�� �0��� Gn9 	2@"M�G ?�1� � 0��: �  �5�

 � :0:�  

c8� -  �1  EF�:9����Z�  	2@ R��� �"� ��"D 

K"B0 E��:� p8�A  ���Z�  

H- ���D� ��@� O;�� �  � 1� 	
�� g�-�� �0

9Jm�" �1  �0 �? ���� ��� 8��E"  

4- �F�2 ���!  

 ED �	
�� ���� �0 >��  1� ���Z� K"Gn9 I� �0

ED M��iL� 7�5 O"Qn9 � K"B0��!D� �� �1 ? 	�0  ���

.	�� E�Z�b ���B EF8�f  0�:  ��01� 	�/� k���  k��

 �� �02 OD�B KD�f9 ���!D�  �� Ou�U k��� �D �Gf�  � �:lB



1�:3�0 ��3� � �:� �8�� �����C   163  
  

 

�����  ����	
��� ����� ����   ����� ����� ���2 ���� � � !"�� �1398 

O"Qn9 �  ��/� �01� ��� ED .1�0 E�:b  �O"Qn9 �0 E5 ��

I"�� E��:� � E��� �0 	�/� I��/"D ED 	�0  R"9�9

 �D �D��D120 � 60 �����  	�/� ��1G  � 	�� �� 

���1�� ���� �0 K"B0��!D� e�:9 �1� ��"b 	
���  0�1��

70 ����� I"�� E��:� �0 ��  �  ��/� �� 	�0  E5 1�0

O"Qn9 k��� �D� 0��0 KD�f9.  

  
O3� 13 - =:B 	l�� M��""j9 ��n�  E��� �:n  �0 �b0�  

 �dD � E�1D ED x:D�  O5 	�/� ��!"  I��/"D

 .	�� �� ED KQF�  �!"v�� �0 E��� 	�/� I��/"D

	
�� ���� 120 �  ���"���� E5 1��D 7/1  o�T9�� 1u�0

�  1�  .1��D	�/� �0�G  ED E@:9 �D  �-0 ���F�  ���

 I"D E5 �"�0 ���1�1  �92 1u�0 ��	�  	�/� ��1G  I�

 ��9 ��1G  I��/"D .	�� �:�F  �0�1n  �0 >��  1�

E��� ��A9� On  �0 � I"�� ������9 �0  s� �� �

�  .1�0 ��9 ��1G   ED 	l�� 1� E��� �0 �;�B ���

�  ���5 E��:�  ��d� �0:D ���5 �? 	Q� E5 1D�

 M��T9 O"80 ED .	�� E��:� ED 	l�� E��� p8�A 

=:B �E��:� � ��Q"Z �D E��� p8�A  ��d�  ��"  �b0�

E��� - ��Q"Z � ��Q"Z- �  �10 E��:� ��i� .0:� I� �D� 

=:B ��!"  � 	D:L� 1u�0 	Q� ED �9P�D ������9 �0 �b0

 R�V ��1G  .	�� ��/"D �E��� �5 ~�� � ���5

=:B  I"D �b0�73/0  �91 �   �� ��/� ��1G  I� E5 1��D

=:B �  >��  1� E��� �0 �5 �b0� .1��D  

 # ��=7���	�0 

 0:
 ���0�1B � =�{� 	�2� E5 	�� g�P ���� �0

	5�� g��n  I"8:Y�  �� �� EGf�  H?  � �����8 ��

ITD? ���/  I"�1�2  �"��� ���D�.  

  

LM���   

[1] Haeri, S. M., & Faghihi, D. (2008). “surveying Soil Dams at Construction Time, Case Study: Taleghan 
Dam”, Fourth National Congress of Civil Engineering, Tehran, Tehran University (In persian). 
[2] Moll, S., & Straubhaar, R. (2011). “Performance of a high rockfill dam during construction and first im-
pounding. Nam Ngum 2 CFR, Dams and Reservoirs under Changing Challenges”, In Proceedings of the Inter-
national Symposium on Dams and Reservoirs under Changing Challenges—79 Annual Meeting of ICOLD, 
Swiss Committee on Dams, 65-72. 
[3] Gikas, V., & Sakellariou, M. (2008). “Settlement analysis of the Mornos earth dam (Greece): Evidence from 
numerical modeling and geodetic monitoring”, Engineering Structures, 30(11), 3074-3081. 
[4] Zhou, M., Zhang, B., & Peng, C. (2018). “Numerical evaluation of soft inter-slab joint in concrete-faced 
rockfill dam with dual mortar finite element method”, International Journal for Numerical and Analytical 
Methods in Geomechanics, 42(5), 781-805. 



164  ����D 1� ���Z� �01�  E��G  � �5�
 �? �D�0�0  ���K"B0��!D�  

 

�����  ����	
��� ����� ����   ����� ����� ���2 ���� � � !"�� �1398 

[5] Hosseini, M., & Shahourdi, L. (2013). “Evaluation and analysis of Gotvand dam construction during con-
struction using the results of practical tools”, First National Conference on Engineering Geotechnics, Ardebil, 
Mohaghegh Ardebil University (In persian). 
[6] Ansari, H., Mirghasemi, A., & Niroumand, H. (2013). “The Survey of Soil Dams in Coincidental Construc-
tion and Drainage Conditions by Instrumentation Results”, The First National Conference on Geotechnical En-
gineering, Ardebil, Mohaghegh Ardebil University (In persian). 
[7] Rashidi, M. (2013). “Investigation of Gavoshan Dam Stress During Construction and First Dewatering”, 
First National Conference on Engineering Geotechnics, Ardebil, Mohaghegh Ardebil University (In Persian). 
[8] Eberhardt, E. (2003). “Rock slope stability analysis-Utilization of advanced numerical techniques”, Earth 
and Ocean sciences at UBC. 
[9] Ormann, L., Zardari, M. A., Mattsson, H., Bjelkevik, A. & Knutsson, S. (2013). “Numerical analysis of 
strengthening by rockfill embankments on an upstream tailings dam”, Canadian Geotechnical Journal, 50(4), 
391-399. 
[10] GeoSlope International Ltd. (2007). SEEP/W Users Guide. GeoSlope International, Calgary, Canada. 
[11] Zhou, W., Hua, J., Chang, X., & Zhou, C. (2011). “Settlement analysis of the Shuibuya concrete-face rock-
fill dam”, Computers and Geotechnics, 38(2), 269-80. 
[12] Rashidi, M., & Haeri, S. M. (2017). “Evaluation of behaviors of earth and rockfill dams during construction 
and initial impounding using instrumentation data and numerical modeling”, Journal of Rock Mechanics and 
Geotechnical Engineering, 9(4), 709-725. 
[13] Rashidi, M., Heidar, M., & Azizyan, G. (2017). “Numerical analysis and monitoring of an embankment 
dam during construction and first impounding (case study: Siah Sang Dam)”, Scientia Iranica, 25(2), 505-516. 
[14] Zanjani, M. M., Soroush, A., & Khoshini, M. (2016). “Two-dimensional numerical modeling of fault rup-
ture propagation through earth dams under steady state seepage”, Soil Dynamics and Earthquake Engineer-
ing, 88, 60-71. 
[15] Komasi, M., & Beiranvand, B. (2020). “Study of Vertical and Horizontal Displacements of Eyvashan Earth 
Dam Using Instrumentation and Numerical Analysis”, Iranian Journal of Soil and Water Research, 51(1), 245-
256. 
[16] Komasi, M., & Beiranvand, B. (2019). “Evaluation of pore water pressure foundation and core of Sivand 
dam after the dewatering period in comparison with the actual instrument results”, Dam and Hydroelectric 
Powerplant, 6(21), 63-77. 
[17] Ostvar Kashkouli, Y., & Jabbari, M. M. (2017). “Evaluating excess pore pressure in embankment and com-
parison with monitoring results and FLAC software, Case study: Roudbal Darab Dam”, 16 th Iranian Hydraulics 
Conference. 
[18] Mazaheri, A. R., Komasi, M., & Veisi, M. (2020). “Numerical examination of embankment dams after 
construction and at the time of the first impounding- Case study is Doiraj dam in Ilam province”, Journal of Civ-
il and Environmental Engineering, https://ceej.tabrizu.ac.ir/article_9816_0.html. 
[19] Annual Report, 2012, Instrumentation and Monitoring of Marvak Dam, Kowsar Universe Company (In 
persian). 
[20] Emeraldian, M. & Sahebzadeh K. (2004). “Determination of the number of stages for the construction of 
earth and dams dams for the analysis of consolidation in computer models”, the first National Congress of Civil 
Engineering, Sharif University of Technology, Tehran, Iran (In persian). 
[21] Mehrnehad, H. (2014). “Evaluation of Injection of Pinnacle and Drawing of the Curtain Wall of the Dam 
marvak in Lorestan”, Thesis, Master of Science in Yazd University (In persian). 




