
Civil Infrastructure Researches, Vol. 6, Issue.1, Spring and Summer 2020, pp. 103-113 

 

                                                
* Corresponding author 
Received 25 October 2020, Revised 17 December 2020, Accepted 28 December 2020. 
DOI: 10.22091/cer.2020.6117.1217 

 
Determination of modulus of deformation using 
engineering geology studies and in situ tests 
(Case study) 
 
The engineering properties of geomaterials are determined by 
laboratory and In-situ testing. Problems associated with 
sampling, especially in coarse-grained soils, limit the laboratory 
testing applications to determine the engineering properties of 
these types of soils. Engineering geological studies would help in-
situ test selection as well as managing of the coast and the validity 
of test results. To increase the height of the Gotvand regulatory 
dam, determining deformation modules of subsurface material is 
needed, so a multistage method has been suggested and done. For 
this purpose, a multi-step method was proposed and performed. In 
the first stage, the engineering geological properties of subsurface 
materials have been investigated by using geological study and 
exploration borehole data. The subsurface materials are gravel 
with some sand, silt, and clay. At this stage, to determine the 
modulus of deformability, pressuremeter (PMT), downhole and 
crosshole tests were performed. Due to the coarse texture and, 
heterogeneity of the materials, good results were not obtained 
from the pressurmeter test. in the second stage and with reference 
to data in first stage, the extension of same strata beneath the dam 
has specified in river’s left bank and the measurement of 
deformation modules has done by plate loading test (PLT) using 
circular plates of 60 cm diameter. In the last stage, to investigate 
the effect of plate dimensions and particle size, PLT using circular 
plates of 120 cm diameter has been done. By changing the loading 
plate diameter from 60 to 120 cm, the average measured modulus 
decreases from 2868 to 1075 kg/cm2. In this paper, while 
expressing the importance of engineering geology studies in 
selecting suitable in situ tests, the results obtained from various 
tests have been reviewed. 
 
Keywords:   Plate load test, Downhole and Crosshole test, Coarse-
grained soil, In situ tests, Engineering geology.  
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� ��?P���� � �- A@S2
8  A\X�+

1  u)� ��..��)+ 8 ..] Z,�� 
?���  :7�;+ �

�
�+�<	�C!��- 1  u)� ��..8  hC+ 	���

����17

16 ���)�� 	!=  ��.P��)+ 

..] �Z,� 
?���  �-���0 ��� ��.
8 ���� �� 

] .._�� 7���X�� rb=� �.8 �P�
� ���  :7�;+

�
� ���*� :7�;+ � )� �����
  ZX�C� �- �)�

 .	9�P M�K�� )�  

-  :MC� A\X�+�- A\X�+ 8
� ���� �Cd*+ A�� �.lw  

��?P��� A@S2 -�1��� ��� ��
c �A  �� �)+< 	�-

�+�<
� ��?P���� � �A@S2
8 �+�<
�  A@S2 ��

 �gQ A� {�b�120 ����.��� A����  Z
�- ��� 

�
-�K  R�� �- � �)�5/1 -�P M�K�� ��+
).  

���*� 8
� _�17�g+ 8
� M�K�� �- �)� �X��Y ZX��+

	��-�� �� �*�/+ 8.+� A��C.� � M��)+ ���  � ���*�

 �X��Y�
�+�< ��8.+� v
��� �� L��*�+ �=�� �  ���*�

� c
��� �A  M)� A� A=C  �� .	�� A\X�+ �� �� �)+< 	�-

�+ �
�+�< M�K�� ��,+�� ��)+ 8..1  ���� �.O

Z,��..]   �)� �
� :7�;+ ��
?� A\X�+ A� A+���� 8
�

A./� ��,+�  A.��X �- -C=C+ :7�;+ �� �� :7�;+ ����

�-�0 ����9 A��
-���  Z+�C� �l� �-�
� )X �  A,*
� 8�a

�.lw .	�� �-�- ���0 �� c
��� �� ��?P  

3 - ()�*�  
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16- Shear Wave Velocity 

3 -1- �+ ,���- .�
/� .�
0�� 1�2*3�.  

�.�O  |�@7 �� )� ��3�
�� �)*� 8.+� ���*� �- 

��+ A*!� ��� j�P�� 8.f �-�C
 � 	�- �����C
 ���Q 

�A�9�P .78, �P�
� ��� 2C;
 �� ��3�
�� �-�)@+._� 

f j�P��.8 �-�C
 1/ .	 +� )*0��)���� .�  �C�*
�


A�9� � )�C�P �-�)@+ �-A  ��)= �- A2W
 �CY1  Ar���

�)� )��.   

�� )� Z@+ ��� �9��< :7�;+�  A��
-�� ����

��+C\3*0 )���� A0 A�9�P ���Q ����0�
 �V�.���  ��

 -�)X )� 	��� t�*= �- _��C�� 	+�Va .	�� �)���C�

5/32 ��� � )� Z@+ �- �
b  -�)X5/25  t�*= �- � ��+

 -�)X }f5/42 	9��<) ��+ ��� 	��- 83���� A��- (

J��bP �)� 	�� ]17[ .-� �
� �
8 	9��< ��+C\3*0 ��� 

�V� )����.��� ~*� �� �< _�1gQ ��/7�� A0 -��- ���Q ��� 

,�<� ,� .Z ���- � �)�� 7W@�� _��SX� .	�� �- 

8.
�� )� 	�- A.X��  �� A0 -��- -C=� �@g�+ ���/��

���.� �� ��9��< ���- Z+�� �P-� ��� ��.�� �rb= �� 

~*� p0 AOg*+ 	��. A�  �)+ �-C�� mV�+ �Cd*+

+�.8 ���*� ��)*!+ ��3�
��� 2  A���P50 ��+�  ��

��� ��SX )� h� � -�P
�) � Z@+
8 A���P �� �- Z,� 1 

���� �-�- �)� 	�� )A���P ��� S1  �S2.(  

��� j��� ��
c �A 	��-�� �� �)+< 	�- ��� 

��@2�
  ��
�+�< ��� �+�<
��3�� �� ��� A�C�� ��� 

�A �)+< 	�-� ��9�.Z +�.8 ���*� ��)*!+  �- :7�;+

!  )� �C@+ -�)�+�.A  Z,� �- �2- p7� 	�� �)� Ar���.  

 A� A=C  ������� ��� +�.8 ���*� �)*!+�  �

�-�- ��� �A  �SX �� �)+< 	�-9 ��- 6��f��  A� 	/��

 �SX7 9���0� A���P ��� }f ZX�� �-.
8  )� 	�-

���� �� q� � �-C�� M�)Q�� ��@2�
 �+�< �
��3�� 

A�C�� ��� � ?
�� �� �)
8 A���P �� .9���Z +�.8 ���*� 

��)*!+ �� �- A��
-�� }f ZX�� �- :7�;+.
8  	�-

!  )�.A A0 )�  Z,� �-2- U �-�- ���� .	�� �)� 

A���P ����� �)� �SX ��� )* ��/��� :P1� LB1,2,3  �
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LC1,2,3  A0 �!�< 	.1QC+ Z,� �-1  �)� �-�- ����	��.  

��)= 1- ��)����� 3*��  AOg*+ �- -C=C+A17�g+ -�C+  

����- +�.8 ��*��  )����  2C .p +�.8 ��*��  

���� �C0  -  
 _��C�� � �.
� _��C�� Z+�� A0 	9��<A�
)Q  A����.� A0

�)� )��.  

8�C��\��  �
i�� 8�C.\�  ���.�V�   � ~*� A��+ �� ����� ��+C\3*0�C���\.�  

8
�
� 8�C.\�  -  ���+ ZP ���+C\3*0 � ~*� A��+ �~*�  

8
�
� 8�C.\� �  �
i�� 8�C.+  ���=��<  ����+ ~*� ZP  �~*� A��+  

8
�
� 8�C.+  ������P 
�)
�).�� 6�� �q[
s � ���-) ~*� ZP� ��W� `�C
.6  A�

7-.Z i -C=�
A ��� (6�� 

  
Z,� 1 - A���P Z@+ � )� 	.1QC+  � ���
�+�< ���)� M�K�� ��=�� �  

  
 Z,�2 - 8.+� Z.9���  �- :7�;+ ���*� (U) � )� �C@+ -�)�+� (p7�)8.
�� }f ZX�� )� 	�-  

�-  8�� 	+�Va )� �C@+ Z@+70/22  � ��+

 R�� �- ���� ~*�50/37 ��+� �� ���  ���Q )� h� 

��+C\3*0 ���� ~*� q*= .	�� A�9�P�  )���� ZV\V�+

�V�.��� 	�� 	9��< L7�� q*= .� �� ����� 8�.	\  �

 �- A0 �-C� A��+�V� ��� �
�
8 3*� _�1gQ �<� 

� }f ZX�� �- .	�� �)� �)���+ 	��-�.
8  	�-

+� :g� �� A��
-��.8 p0 ~*� � � 	��- :7�;+ A��- 

�*� � �� �����.	\  A� 	0�X �� .-��- -C=� A��+ �

�� 	��.
8 i )� 	�-
A ��� �
A��-b �.	\ ��� � �-.8 

i
A ��� *�� 	�� �)� �)���+.  

3 -2- ,&0��% 4)��+5 6��� �  ,&�  

�
�+�< �� R�� �  }f ZX�� �- �C!��- �15  ��+

 -�)X R�� �  )� ��� �- �17  .)� M�K�� ���� �� ��+ ��
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 	@  �-�)@+ A� A=C �.lw   �
�+�< �� ���� �* 

A@S2 �� A@S2 ���?P���  �gQ A� ��120  R�� ���.����

 8
��
�+�< ��  �  ��*.�Y� 	!= �- }f ZX�� �-15 

 8
� c
��� .)� U�V��� ��+�
�+�< ��  Z,� �-3  �)� Ar���

.	�� A=C  �� A� Z,�� +.3��.8 ��� hC+ 	����  �-

	��- :7�;+ A��- 
��  -�)X )�740 ��l �� ��+.�A ���� 

 R�� �  }f ZX�� �- A���+ :7�;+5/1  -�)X ��+275 

��l �� ��+.A  R�� �� �5/1  � 10  -�)X ��+660  �� ��+

��l.A  .	���C0?+ :7�;+ �����  L. �  A� �7�3f2100 �

1800  �2000 ��+ �� M�PC\.0 �C��C� L
�a � L1,+

 -�)X3/0 j��� 8
� �� .	��� ]  ��)+..Z,�� 
?��� 

-
+�*.,� ��
6 i ��
A �� ��� ���-�S ) Ag��� ��1 Z��Q (

 A/��@+�+ )��� ]10[:  

)1(  ( )22 1
dyn s

E Vρ ν= +  

�- ) Ag���1( �Edyn ]  ��)+..Z,�� 
?��� -
+�*.,� 

)Pa(� ρ 7�3f� e�
 )kg/m3( �Vs ��� hC+ 	���� 

)m/s( � υ �a
L ��C�C �.	�� �8
����*�  ��)+ ��)O+

..] �Z,� 
?��� -
+�*.,� ��
6 i ��
A  �  A� ��.L  �����

 ��2990 �354  �2265 1  ��,����3+..8 .)�   

  
 Z,�3 - R�� �� ���� hC+ 	��� _��..] � )A���P) )� �C@+ �
� �- (p7�NBHO3   M�K�� ���� A0 A���- -C=� )� h�  ��� �� Z/Q ��

���7 �
�+�< A���P ���- ��  .(	�� �)� �-�S��� �< �� ��)8.
�� �- A��
-�� }f ZX�� �- (U  � �C� j��0 J�� �� 	�-) ZX�� �- (h

8.
�� �- A��
-�� }f �C!��- J�� �� 	�-.  

3 -3- �789 �� �789 ���:���� 4)��+5  �;< �� ��60 

�*��*��.  

�+�<
� ��?P���� A@S2 A@S2 ��  �gQ A� ��60 

���.����  R�� �-5/1 +� :g� �� ��+.8 -�P M�K��
). 

Z@+ ��� � M�K��
8 �+�<
� Z,� �- 1  �)� �-�- ����

	�� )PLT1,2  �PLT3,4 .(  

7-.Z � U�V���
8 R��� � :7�;+ 	��/�
�@g��� 

��,+� ?�
�� �+�< M�K��
� i �l� u?X �
A ���  	��

@g�� ��� .	���  w+.8 + A� �����.��b 40  �� 8 
6 

e���[+�-18

17 )� �-�S���.   �Cd*+ A�w+.8 ��9� 9�0� 

*��� � e���[+�- ���O��� 	!=.8 ��� �l� ���0�  ��
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17- Dump Turk 



�*.�X � ������ ����f  109  
  

 

�����  ���	
���
� ������ ���   ����� ���� ���1 ��!� � ������  �1399 

��-�/0�
�� 7�-CP�  y�� A�4  �CY �9  Z@+ �- ��+

�+�< M�K��
� -�P �SX
�)  Z,� �- .	��4  M�K�� ZX��+

�+�<
� �+�< .	�� �)� �-�- ����
� ��?P����  A@S2

 �-4 A���P _���K+ �- AgO� ��� LB  �LC .)� M�K��  

  
 Z,�4 - �-�+< ZX��+ ���� � �+�< M�K��
� ��?P����  �gQ A� A@S2 �� A@S260 ����.���� )�-�+< (p7� ���� Z@+� ��?P��� 6= L;� �

� ���O���  �����) �U(   ���� e���[+�- �� �-�S���wq,� 8.+ Z�17�  

]  ��)+ A/��@+ 	!=..�Z,� ?�
�� Ag��� �� )2 (

 �-�S��� )
-�P]21[:   

)2(  2(1 )
Q

E I
D

ν
δ

= − ×  

�- Ag��� 8
�� E ]  ��)+..�Z,� ?�
��� Q �.���  ��r�Q

 δ �*�+ 	���� �� ��.���  ��r�QD  �A@S2 �gQυ �a
L 

��C�C � �I �a
L XW2��  L.� 8�9�P �d� �- �� .	��

��� �*@*+ �g
 �V�-  	/�� �	����/�  �� � 8..1 

 A@S2 �gQ �-C� mV�+)D=60 & 120 cm(  L
�a �

 �C��C�υ=0.3  �XW2� L
�a �I=1 ��)+ �

Z,��..]   .)� 8..1  ��
?� �l� 8�9�P �d� �- �Cd*+ A�

��-�/0�
� *��� �.8 e���[+�- �C�X�  �
�+�< �C@�

A@S2 ���?P���  R�� �A@S2 -�1�� 8�9�P �d� �- �� ��

Z,��..]  � -CP ���)�� ���  �� �-�S��� �� ��)� ��.P

�)+ ����  ��b9� M�� v�C �)1� A� q.�,\�19

18  � Z.\@ 

���P�� b.7��< ��� Z,��..]  ��)+  b.� :7�;+ ��
?�

.)
-�P 8..1   

 ��)= �-2 ��)+ ��� ] ..�� Z,�A  �� �)+< 	�-

�+�<
� ��?P���� �� �)� Ar��� p\�V+ J�� �- j���

�O+ .	��
A� ���
c � 8�a.�� � UC
 R��g .8  �J�� �-

�b9�
� 10 )2�-� -�O+
� ���)�� .P��  �- �)��)+ ���� 
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18- Plaxis 3D 

-)�� -�O+ A� 	/��
� �A  �� �)+< 	�-) Ag���2 ( ���� ��

+� �-) .  

 ��)=2- ��� A2W

c �+�<
� ��?P���� @S2A@S2 �� A  A� ��

 �gQ60 ���.����  

�
�+�< �����  
Z,��..]  ��)+ ) ��
?�kg/cm2(  

�� �C+�9 j���)2(  �� j����)+ ����  

PLT1  3257  3596  

PLT2  2776  3071  

PLT3  3139  3467  

PLT4  2300 2535 

3 -4 - �789 �� �789 ���:���� 4)��+5  �;< �� ��120 

�*��*��.  

�A 7-.Z 	��- _�1gQ -C=� A��- � A� 	!= ����� 

�.lw  A��- ���)�� �� �� 
���c �+�<
� ��?P����  �- A@S2

�+�< �_�17�g+ MC� A\X�+
� ��?P����  A@S2

{�b� O+.j� � �- .)� M�K��
8 �+�<
� �- A@S2 ��
�� �� 

 �gQ A�120 ����.���  �-�S���)
-�P�� 	!= ..�)  A�

 -�C+ �*  :g��d�� q,� \�17��  �-�1+160   8 w+.8 

)�  .w+.8 *f.8 �.���
  u��1�+ ����� �� �-�S��� ��

�.� 8,�+�-C�� 8
����*� o�� �� ��� ��0�   �.� 

��?P���� � M�K�� ZX��+ .)� �-�S���
8 �+�<
�  Z,� �-

5 	�� �)� �-�- ����.  
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 Z,�5 - {�b� A@S2 ���?P��� ���.� ���� �-�+<  �gQ A� � �@S2 �� �-�S��� �� j�.O+120  ����.����) ���=� � 6��f �SX (p7�

o�� A.,  -�K
� ���� ���0 ���  ��P) �A� ���?P��� �.  L;� (U � _�b.!K  �����
�+�<  

�+�<
� ��?P���� {�b� A@S2 O+.j�  ���K+ �-

�+�< ^�O�
� ��?P����  A@S260 ����.��� -�P M�K��
) .

 Z,� �- ^�O� 8
�1  �rW� ��LPLT1, LPLT2  mV�+

	�� �)� .��� _��..]  ��-C��-  �� �,
 ���� 	���

�
�+�< �� Z,� �- �)� M�K�� ���?P��� �6  �-�- ����

 .	�� �)� 8.*���) Ag��� �� �-�S��� ��2(�  ��)+

] ..Z,�� 
?���  A/��@+� ���
c  ��)= �- �<3  Ar���

��� A���+ .	�� �)�� ��� A0� �+�<
� ��?P����  ��

 �gQ A� A@S260 ����.��� ��� )� A�SP
c �+�<
� 

��?P���� {�b� A@S2 O+.j�  �� �-�S��� ���)+ ���� 

M�� v�C  ��b9� � q.�,\�A  �)1��.b \@ .Z � -�O+
� 

�A � �� �)+< 	�-
8 \@ .Z  ��)= �-3  �)� �-�- ����

	��.  

  
 Z,�6-  ��� �*@*+–  �� A@S2 ���?P��� �
�+�< �- 	���

LPLT2 

�O+
A� ���
c �A ) Ag��� �� �)+< 	�-2 � (

�)+ ���� -)��� �b9�
� 30 )2�-� -�O+
� ���)�� .P�� 

 �- �)��)+ ���� -)�� -�O+ A� 	/��
�  �)� A/��@+

) Ag��� �� �-�S��� ��2+ ���� �� (� )�-���*� .�
8 �b9� ��
� 

A@S2 �gQ� � uW�
�.8 -�O+
� �A ) Ag��� �� �)+< 	�-2 (

 ��)+ ���� -)�� �b9�
� 
A�9� 	��.  

 ��)=3- ��� A2W

c �+�<
� ��?P���� A@S2 A@S2 ��  A� ��

 �gQ120 ���.����  

�
�+�< �����  
Z,��..]  ��)+ ) ��
?�kg/cm2(  

�� j���) Ag���2(  �� j����)+ ����   

LPLT1  1108  1431  

LPLT2  1042  1377  

4- @��7A � �)BCA  

����� ��� +�.8 ���*� ��)*!+  �- A�9�P _�C2

A� AOg*+ �� _��WY� ����A 6��f �SX �� �)+< 	�- ��� 

��-� �O+ �
A� 9���.Z ��� +�.8 ���*� ��)*!+ �
� 

+ ���� }f ZX�� � )�� )�-  e�
 �)���+ ��,+� A0

�
� �� }f ZX�� �- )�.
8 �� .-��- -C=� 	�- )*f


A�9� ��� +�.8 ���*� ��)*!+ �/�	� �.8 � :7�;+
� 

�� }f ZX�� :7�;+ � )�.
8 + ���� �� 	�-� )�-� 7�� 

���
c �+�<
� 1 ..8 ��� hC+ 	���� ����  �)*�-

� 	��� uW�
�.8 �
8  :7�;+	��� .
8 ��� uW�
�� 

+� :g� �� A�9�P ���Q :7�;+.8  R�� � 5/1  ZX�� ��+

��� }f� ��  ��
A�V ��?P���) �* � ����  )� ��� ��

P-��C� � (�)� A�
��� ��� � �-C��  �� A�9�P ���Q :7�;+

 R��5/1  � 10 � ��+A 7-.Z �� 
A�V ��� � �* �  R��

�.���  ��10 � ��+A 7-.Z ] ..� i) :7�;+ q*= �-
A 
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