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 8�	 � ���� �5�$ �"�*��� �CL�L/ �"7	
 	R� 6� �%

 �T ���	T ��4��� �3��6� 3�4	"��6�� !���� �% _��

	��:�S�� � ��� ���� ��U���� �PH� ��P� (�� ���%

X !��	
6 @�#��& �� 	"U%V� �	�W"� ��V� 6� .���%

�.#�J�) !�6��:4 � @:�� �	 �� 3�2006 (��� (

 5�"?�0� �PH� ��P� (�� 5� �� ���>"� �% �6 �4

 8���9� � 5�$ �"�*��� �"7	
 	R� 6� �% � ����H�

5/ 36��7�% 36�<�6�� !����S�� �3��6� 3�4	"� ���%

��	T.���  

 (��; 6�1 �PH� ��P� ��� ���� �.�/ (�� ����X �

7 � ����H�V% 3��VS�� 3�	� ���%V7 8���9V 36��

5/(��� � 36�<� 5�"?�0� ��� �1�6� K�"L� 3�4

 ��� ��B� A�4 ���� !���� b#�J� �% �;�/ �% .8�

% ����H� �PH� ��P� (�� 5� �.�/ �.#�J� 3�	

S��5/ 36��7 8���9� ���%(��� � 36�<� 5�"?�

��� D����0��� �4c4 .���% 6�R�� �% ���X

 ���� ���� �.�/ ��P� �	��:� �*��9� � �[�6�P"��

.8� ��� ��[�� @�� �	�W"���X !��	
6 @�#��&  

  

B�� � �0���� 

�� 6�V� �V/ �.#�JV ���.130 �VWV"� �@V���V� �� 3�

���0���� C���) K�"L� 3�40� ���� 3�4

- \��; 6� ��?�% @�	-V4 � _�& �9J�� � cVc ���X

���0� 6�	- ���>"� �6�� (!��:4 6� 5��6�2 3�4

 o�� 	% � �7�	
�	"� N�.#�J� �% �;�/ �% .8� �"7	


�9Pd�"� 3��%) !�;1987��� �(0� @�	- ���� 3�4

) ��?�%100 � (���:�8�# C��� s�/�: � 8���6&

7V�/�n��V8�# 5� 8���6&V�%V` 6� .����V�#�TV �

���0�) !��:4 5��6�2 3�430 � �� (���:�V D�

\�8�# � 8���6&V\�� ��T6&V�4 .����%Vc ���X

���0�8�# 3�4 s�/�:� ��?�% @�	- ���� 8���6&

5#�T C���8��"�#5#� ��48���6&7 � �4VC����6&V84V �

��5/ 36��7 8���9� �o�� ��� 	% .����% �36�<�

(��� 5�"?� 8�	 �5�$ �"�*��� �CL�L/ ���:�

!& \& \]; �B6� � � ">�� ���� ^$�� �_�� 	% �4

��% �:[�� C:.#�6�"� o�� 0� 5����� ���:#�

)1981 �T �6�� 	R� 6� �.#�J� ��� .8� ��� ���./ (

PH� ��P� (�� 5� !��	
6 @�#��& �% ��	:4 ����H� �

S�� 3�	% �	�W"� ��X5/ 36��7 8���9� ���% � 36�<�

(��� 5�"?����0� 	Tt �% ��? .�4� �.�/ �4

 �.#�J� ��� 6� ��� ���>"� �PH� ��P� (�� �T 8�

 D�� ��MLP �� .���%VP� 6�"$�V ��MLP �V��V C

��?�� �;�	$ � �>L� �3��6� 3�4�% �o�� ��� 	% .��

 �_�� 8�	 �CL�L/ ��:; �� ���@�7 �
+�� ����X

 �% \& \]; �B6� � � ">�� ���� �5�$ �"�*���

��? !���� 8���9� ������� �
+�� �� � 3��6� 3�4

5/ 36��7(��� � 36�<� 5�"?� ��? !���� �%

��� �"7	
 	R� 6� �;�	$.��� 

  

J���� � K.�  

�%�P� 5� �.�/ 6�R��S�� ��
+�� �����T ���% 3�4

 ���U�130 5/ 36��7 8���9� C��� ���:� �36�<�

(��� CL�L/ �5�"?�(n)�  5�$ �"�*���(γd)�  8�	

 _��(Vp)�  ����(ID2)  \& \]; �B6� �(Ab)  �% ,%�J�

C:.#�6�"� (1981) ISRM �1�[�& �� .8� ��� ���./ 

�� ��[�� N������& a��"� !�6�& !���� �T ���:/ 3�	% �

���:��:� 6��9� �4�
+�� ����%���@�7 3�4- �������

���:� �� 3���./ (��; 6� �42 c4 .8� ��� �1�6� ���X

 (��; 6�3  3�	% ���� �>�B�/ 36��& 3�4@�#��& a��"�

����.8� ��� ���� !��� ��B� 3�4  

  

46  



��������	 ���� �� ������� ����� ����13����� � 26�   ��!�	 � "���#98  

 

 

 ,�-L1. &�# 0�� ��N0 O�P:�Q� 	0 �0-P(��)� *���+� ����'( ,�-� � ��.� � �4��3� �234 �52� 	0 ���6��0 �� '���/0

	�� R�!��  

R2 
�L��N ���� B�� >���� 

97/0  UCS R, Rn, n, ρ ANN ) ���E6 � 3��[�2013( 

971/0 UCS R, W, ρ, BTS, Vp, 

Is(50) 

ANN ) !�6��:4 � �:<� ��@���/2015( 

99/0 UCS Vp, Is(50), Id, ρ ANN ��:4 � 6�T	) !�62010( 

95/0 UCS ρ, n, Vp ANN �%�	/) !�6��:4 � ���T2014( 

91/0 E ne, Is(50), Rn, Id ANN ) 5*T�� � ��:���2008( 

95/0 E Vp, Is(50), Rn, WC ANN1- ) 5*T�� � ��:���2009( 

77/0 E Vp, Is(50), Rn, n ANN ) !�6��:4 � !�94�2010( 

89/0 E ρ, RQD, n, NJ, GSI ANN-GA ) ���% � 3��[�2010( 

67/0 E - ANN ) !�6��:4 � 0��2012( 

81/0 E Is(50), Rn, Vp ANN ) !�6��:4 � ����@�2018( 

R  �32�#�"�# D��Rn S�X �"L ��� �8�:��n  �CL�L/ρ  ��"�*���BTS  �����	% ���T 8���9�Vp  �_�� 	� 8�	Is50 

�J9� 6�% ^$�� �3�Id  ">�� ���� ^$�� ��ne  �	pw� CL�L/WC  ��
����4 �;6�RQD ���/ 8�>�T ^$�� �0�NJ  ���./

��6� �	"� 6� �4GSI ���� 8���9� ^$���"$���  

  

 ,�-L2. �9S���5�"�� ��-����� 	0 �0-P( �5���5����� ���P:�Q� ��0 �� �-� ���6��0 1��  

UCS 

(MPa) 
E (GPa) ID2 (%) Ab (%) 

Vp 

(km/sec) 

γd 

(gr/cm3) 
n (%) ����� ����� 

13/128 45/20 14/99 53/0 23/5 89/2 62/2 1  

61/94 71/15 03/98 83/0 12/3 65/2 98/6 2  

91/41 15/7 18/97 93/1 81/2 43/2 96/7 3  

50/72 13/12 19/98 67/0 69/2 52/2 62/5 4  

40/95 69/15 08/98 59/0 36/3 60/2 86/5 5  

77/82 42/13 86/98 26/1 10/2 65/2 33/9 6  

23/75 75/9 46/97 25/3 48/2 50/2 90/8 7  

64/53 54/6 17/95 08/4 92/1 51/2 23/13 8  

78/61 17/9 12/99 65/2 08/2 57/2 25/11 9  

47/89 25/12 56/99 83/0 98/2 70/2 53/7 10  

30/68 12/10 52/98 34/1 15/3 59/2 46/5 11  

00/55 54/9 76/98 40/1 07/3 46/2 16/7 12  

30/57 32/10 01/99 31/1 98/2 53/2 54/6 13  

70/49 54/9 23/98 04/2 54/2 68/2 43/7 14  

90/48 54/8 32/98 13/2 78/2 61/2 54/7 15  

56/42 32/7 11/98 67/2 80/1 66/2 00/9 16  

00/56 41/8 48/97 46/2 56/2 74/2 81/7 17  

48/60 12/10 65/97 40/2 82/2 76/2 41/7 18  

64/44 43/8 08/98 01/3 35/2 67/2 21/9 19  

36/66 13/11 86/97 78/1 99/2 76/2 71/7 20  

 

                                                
1 Artificial Neural Network 
2 Adaptive Neuro-Fuzzy Inference System 
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18/0 63/2 94/2 10/2 (����p 	% 	"����T) _�� 8�	 

173/0 57/2 63/2 09/1 �"�� 	% �	
) �"�*���(b.�� 	"� 

14/1 95/1 90/6 31/0 (%) \& \]; 

87/0  83/97  56/99  17/95  (%) ���� ^$��  

67/25 41/72 143 94/29 5/ 36��7 8���9�((����� �) 36�<� 

77/3 20/11 51/22 23/5 (���((����� �
) 5�"?� 

  

 �4��3� �234 �52�(ANN)  

��P� 6�"$� cU� 6��*% 6�"T�7 5� ����H� �PH� 3�4

S�� 5� �`�	d 6����� ���%!�:4 .8� (& �T 6�d

S�� ��P� 5� 6�"$� ��� 	Tt @�� 	/MLP ���V C

��? ��P� 6� ��? 	4 .8� �;�	$ � �>L� �3��6� 3�4

%6�T �% �"*% !�6�� �7�T ���./ 3��`V3	�4$ 3V G�
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c4 .8� ��� \�L"�� ��� 	Tt C9"*� o�� 	% ���X
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 \�L"�� �.#�J� �6�� D�E�� !��% 6���� !�@�� o��

���% .���� C-��` ���./ �% �>L� ��? 5� �(��	� 6�d

!�	��� ���� y�;	/ �4 z��% D�E�� ��� �T �	�� ����

 =���& C�*��"� 6� S��@7� � ��P� ������ 6� S4�T

�� ��P�����	
 3	4�d) ��� !�6��:4 �� 2015 �% .(

 ���P� 3�	% ���U% 6�"$� 5� !��& 8� �% 6�R��

!�	� ���./ �% K�"L� b�T	/ ����X 3�	% N��>"� 3�4

 !�	� �� �% ���&	7 ��� .8� ��� (�:�� �>L� ��? 5�

!�	� ���./ � ��� D�	� �/ �J$ � �. =�6 �% �410  �/

/ ��	"U% (�H` 3�	% .8� �"7�� S��@7� @�� �b�T	

 � ����� 6�][� 3�J$ �B6�(MSE)  b�	E �

 � "*P:4(R) �% �6�� \�L"�� �6����"� 3�46��.� !����

�"7	
 6�	- ���>"�!�	� ���./ \�L"�� ���&	7 .��� 6� �4

��?�/6�B 6� �	�� �8� cU� 6��*% �>L� 3�4 ���./ �T

!�	� ����� �"7	
 	R� 6� ���� �� � cT �` �� S�% �4

��"� 6�R"�� �� 6�� � �.-�� 	�Q ��� ���� �.�/ (�� a

!�	� ���� ���./ \�L"�� ���� 	% ��O� .��% �4��$ 6� �4

                                                
1 Node 

 ��P� =���& !��� �.-��	�Q S��@7� z��% �>L� ��?

�% .�� �4��$ ��`	� 6� ��P� �	��:� !�	T ���U% 6�R��

!�	� ���./ �"*��% ��"%� 6� �=���& �>L� ��? 6� �4


 ���U%!�	� ���./ �% 	R� �6�� ��P� mn .��	 3�4

�� 6�	- �%���6� �6�� �>L� ��? 6� K�"L� ��� 6� .�	�
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Abstract 
Determining UCS and E using standard laboratory tests is a difficult, expensive and time consuming 

task. This is particularly true for thinly bedded, highly fractured, foliated, highly porous and weak 

rocks. Consequently, prediction models become an attractive alternative for engineering geologists. 

The main purpose of this study is to develop an artificial neural network (ANN) and multiple 

regression analysis (MLR) models in order to predict UCS and E of sandstones. For this, a database of 

laboratory tests (including 130 sandstone samples) was prepared, which includes porosity, P-wave 

velocity, dry density, slake durability index, and water absorption as input parameters and UCS and E 

as output parameter. The performance of the MLR and ANN models are evaluated by comparing 

statistic parameters, including correlation coefficient (r), root mean square error (RMSE), and variance 

account for (VAF). Comparison of the multiple linear regressions and ANNs results indicated that 

respective ANN models were more acceptable for predicting UCS and E than the other.  
 

Keywords: Uniaxial compressive strength, Modulus of elasticity, Artificial neural network, 

Regression analysis, Sandstone 
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