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Proposing Regression Models to Estimate 
Uniaxial Compressive Strength and Elastic 
Modulus of the Sandstones Based on Physical 
Properties and Compressional Wave Velocity 
 
Many engineering structures have been built on the sandstones. 
The main purpose of this study is to estimate the uniaxial 
compressive strength (UCS) and modulus of elasticity (Es) of 
sandstones using regression models. For this purpose, 
petrographic studies, compressional wave velocity (Vp), porosity, 
density and uniaxial compressive strength tests were performed on 
dry and saturated samples of sandstones prepared from Mosha 
village in the northwest of Damavand city. The studied sandstones 
were classified as feldspathic litharenite and litharenite. Due to 
the effect of moisture on the physical and mechanical properties of 
these sandstones, the density and Vp of the samples in the 
saturated state compared to the dry state have increased by 4 and 
20%, respectively. In contrast, UCS and Es have increased by 
18% and 25%, respectively. The results of simple regression 
showed that the most accurate relationship (the highest 
correlation coefficient and the lowest error) of porosity, Vp and 
density with UCS and Es are logarithmic, linear and quadratic 
polynomials, respectively. Based on the determination coefficient 
(R2=0.5-0.77) and the errors (RMSE=10.29-18.26; MAPE=1.70-
2.80), the relationships presented by simple regression method for 
estimating UCS and Es showed high accuracy. The Vp and 
porosity also have the greatest impact on UCS and Es. Evaluation 
of empirical relationships of other researchers showed that some 
of these relationships have a determination coefficient of more 
than 50%. Examination of residual variance homogeneity graphs 
at the predicted value levels, determination coefficient and error 
of the methods showed that multivariate regression (R2=0.73-
0.74, RMSE=13.36-13.56, MAPE=1.06-1.22, Durbin-Watson= 
1.56-1.70) has a high accuracy for estimating UCS and Es as 
compared to the simple regression 
 
Keywords:   Sandstone, Moisture effect, Simple and multivariate 
regression, Correlation coefficient, Geotechnical properties. 
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A��� C,���  Mishra and Basu [10] UCS (MPa) �   ρ (g/cm3) UCS=287.7ρ −615.9  

A��� C,���  Mishra and Basu [10] UCS (MPa) � Vp (m/s) UCS=0.05Vp−126.4  

C,� A�����  Armaghani et al. [11] UCS (MPa) � Vp (km/s) UCS=17.783VP
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!�� !5,/�2�= � ]53[. �J�
�c � �2�EU  A= /�2�= ��!5

�1�
� D!5 Ab5�� d?� �?E� 	��� � C,� �:
 !J ���

 ��=��<5 2��2 2?4� �E��,� �3��E�� A A= ��?F

�1�
� C,� A��� �:
 !J ���  �� �
���c 2�?� ���

�� �c d?� 	��� ��� �� ��?<2�= AE��@� �0 ]54[.   

`/� A;�>� D
� �R.��  9< ��=��< 	���>� D!�Y<

 � ��?@� A�!�!��B� ��/� �?��c �� �2�X��� �5 � �2��

�;?F d?� 	��� f�Y��!g� QYRY< �;�3e �  9�= �5

�/��� ��?!��1� ���./��5  D
� h�P�� ���5��=�  [�6;�b�

 ��J��1�����?��c ��� �QYRY< ���=��< d?� 	���

��?@� 9< ����J 	���>� � �;�3e �5 A�?�� ��� ���

) 9�
43 ) _�E�� � (A�?��18  (A�?��C,� A������ 

 �� �/� A!0< ���?;B /����  �2/����2 �0� f�g ���� 

.	�� �/
2�1 h�P�� �?;B /���� � ����/���� 

D!�� ���
� ���,� 2 ���E;� � �5 DD
�E��=  .	�� D!�!�

 D
���E;� ����< �2 /���� ���P
�5�wc �� =�� ���
� � 

q�1��  .2��2 �?�,
������ ��� � �26  ���� ����?R!=

 �2�4 ��,= �2 � /����2 �0� �5�g���� ���U 2��2.  A���

C,� /���� ����?;B ���� �� ���!�5 C,� ��  ���

�� �5 �2 �� ���0< ����� ���� ��/,0�.2�!1  

2- ' �   ���� �(  

2 -1- )��
* �� +�, +���-�� ����  

 A5 �A6;�b� D
� h�P�� �?a,�14 y?R5  �� �3,�

/����2 �0� f�g ����  � Q>�,� ��3�
���c A5 � /� A!0<

�
���c h�P�� ���5 ./�/
2�1 �2��c ���3�
���c ��� Q:�

1 y?R5 �� ��
��\<���� �2 �0�c 2�5��= � �� �� �R@� ���

�� ���� ./�2 �� ��!1?R4 ���5�!ij<  �������� A�?1��

�?��c G
��� ��� �5y?R5 ��� +�4 ���  /
�5 �/� ���c

/,��5 �12��?� ��ic � y�< ����2 A�?1�� /U�J ]55 -57[.  

    
)y?R5 �� �
��� (u;���@. �2 ��  )C,� A��� 2�5��= (f���� �2 ���R@� ���  

 Q:�1 - y?R5 �� ��
��\< 2�5��= � ���c�R@� ��� ���� �2 ��  

 A�?��A��?��� ���� s� ��3��2 �� �2�X��� �5 ��  �!1

 Q:�)2 - A�?�� �� �2 f�� � N�5 ���5 � A!0< (u;� �� ��

��� N�5 ��3��2D!��� � ��  �2�X��� ��3�
���c f��

�2��c � A!0< �2 ./
2�1 A�?�� ���� D
� ��!� 2�?� ���

o!>@<� N�� ��D!5 D�P�� �2�0,�!� ��� 9!��:� �RR�;�

	�� �/� �2�X��� C,� ]58[. A�?�� �bUA��?��� ��� ��

 �/� A!0<54  ���!R!� 2�/l �0�c �bU A5 �?F 	E�� �2 

��./��5  

2 -2- ' � +�, +���-�� ��(  

�
���c ��� �5 �:!��,
2 � �:!��:� ��:
 !J ���

43  � 9�
 W
��� �2 A�?��18  _�E�� W
��� �2 A�?��
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./� h�P�� ��=��< d?� 	��� �
���c )Vp o5�b� (

2��/����� ASTM D2845  h�P��/� ]59[ . d�?�� 	���

 	���>� A5 �3��5 �
 C,�A5 �R=�?F�  C,� 	!X!=

2��2 . A5 A4?< �5 ����J d�?�� 	��� �� �O1 ����

�� AE��@� A�?�� �?F �2 �/��!1 A5 �/,���J22�1. 

C,� �2 d?� �?E� 	��� A5 D!,^�� A��2 ���/��  !� ��

�� ���= C,� 	J�5 �/�  
� �5 � 2��2 �3��5 ./5�


V��5 �;�3e �
� J� {�</�� �� 	��� �
� J�  �5 � 2?�

�� ���= ������ 	��� QYRY< �
� J�/5�
 ]43[ .QEU  ��

A�?�� A< � �� �
���c h�P�� �R>!. m
�1 �� �2�X��� �5 ��

�
���c D
� �2 �2�X��� 2�?� m��=�J ./� ��0.5 MHz 

�� ./��5 Q:�2 - f� ���/�� ��3��2  �� d?� 	��� ��!1

�� ����  ./�2  

    
)u;� (�!1 � s� ��3��2 )f ( ���/�� ��3��2d?� 	��� ��!1  

  
) (�A�?�� ���l �?<�:!�2	04 �� ��� _�E���  

 Q:�2 - � s� ��� �5 ���3�
���c [�!R����  

	���>� �
���c �5 ��?@� 9< �=��< q���

N�� ,�!� ���D!5 D�P�� �2�0,� 9!��:� �RR�;� C

)10ISRM11 ( ���O1��5 	5�i ��� �5 �7/0  �5 ��:����3�

A!��i � �5A�?�� �� /� h�P�� �� ]58[.  ��� ���O1��5

 W�?< �/� 2�0,�!�ISRM  D!55/0  �<1  �5 ��:����3�

�� A!��i/��5  �2�/@� D
� �2 A;�>� �2 �/� D!!6< ��� A=

2��2 ���U ]58[ .G!1 �� �2�X��� �5 Q:��!!s< �� !� ���

�=��< �
���c �2 AF?5��  mZ� ./� 	Ei ��?@� 9<

                                                 
11

10- International Society for Rock Mechanic 

�,< �,@,�-  9< ����J 	���>� D!!6< 	04 ���=

��?@� )UCS) A�!�!��B� ��/� � (Es/
2�1 �!��< (. 

��/>� Es �,< �,@,� T!� �� �2�X��� �5 -  �5 � ���=

 Q:� ./� D!!6< +F�>�� ��/� h?0X� A5 A4?<3 

 ��
?\<A�?�� ���� �2 
���c� �?@� 9< �=��< 	���>�� 

�� ���� ��./�2  

 [��
���c) �;�3e /,��� �:
 !Jρ) QYRY< � (n (

A�?��  !� ��q����5 N�� D�P�� �2�0,�!� ���

D!5 C,� 9!��:� �RR�;�  /� h�P��]58[.  
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 ����� A�?��) _�E�� A�?�� (u;�)1 �� /65 (c �
���UCS  ) ����� A�?��) _�E�� A�?�� (f1 �� QEU (c �
���UCS  

    
�) ����� A�?��) 9�
 A�?�� (14 �� /65 (c �
���UCS  [) ����� A�?��) 9�
 A�?�� (14 �� QEU (c �
���UCS  

 Q:�3 - A�?���
���c �� /65 � QEU _�E�� � 9�
 ��� ��?@� 9< �=��< 	���>�  

 QYRY<A�?��  N�� A5 ��_�E�� � AF?g ���  D!!6<

/
2�1 .�
 �2 � fc Q
�2 �2 A�?���  �� ���=800 

) ��:���6  �= 	�2 [/� A5 (�?<
9  �2�2 ���U 	���

�< /� _�E�� 22�1 ) Q:�2 - �(� �2 .
D �5 [/�
/  A�?��

f�El �< 2�2 	=�l f��,�� �?F A5 ��  d��
 �c ��?� ���

.2?�  Q
�2 A5 �� A�?�� fc ��� 2��� �� �0�c � A���O1 /E�

�2�=� � �2
D � �5 /E� 	;�l!� �c ����< A5
��  �� .2?� 

AF?g _�E�� h�4	U2 �5 A�?�� � /E� �� 01/0  h�1

���/�� 1!�� ��2?�. �/� d��
 fc ��� Q
�2 �� A�?��� 

 9�
 f?F�� �����2 �5 �c |b�/� �mZ�  ���

�
 |b� �5 _�E���c 9 �� d��
 �2 �0���/�� fc 1!�� /� .

 |b� �5 _�E�� ��� D!5 ��� `��
� �� �� A�?�� �Pl

 9�
 ��� ./� D!!6< �� AF?g _�E�� ��� � 9�


A�?��  ��� �2 �2�= 9�
 �� /65 �� [���l A4�2 �2105 

���� A4�2!2��3  [/� A524  ./� D!!6< 	��� QYRY<

�Pl� 5 ��� `��
� ��!D  ��� 9�
 |b� �5 _�E��

�� r?b�6< 9�
 A�?�� ��� � _�E!!D /� �;�3e .

A�?��A�?�� �Pl A5 h�4 	E�� ��  !� �� ./� D!!6< ��  

���5 C,� A��� _?� D!6<�� �  ����5 [�!.?\


C,� ���,� �c �� ��C,� A���A6;�b� 2�?� ���� 

� A!0< y��� +F�>�./ A�?�� ���O3���A5  !� ��  N��

9;?J12

11  h�P�� /
2�1]60[.  

3 - /��-0  

3 -1- 
1�2� !2�� 3�45�6� /��-0  

����5 �� y��� +F�>� ��� �5 ��?:���:!� ���

A�?��A�?�� 	J�5 A= 2�2 ���� �� ����c A6;�b� 2�?� ���

A��2 �
 �� ���?^��
� ��J�5 �?R5 ��@; �� � /��513

12  �<

f��- �?^�14

13 ��A�?�� h�� ./,��5� C,� A��� ��� 2�?

�5 A6;�b�>EF q���A 9;?J �/,5  9!<�Z�/RJ  	!;  	
���c
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 �  	!;  	
���c����5/ ]60[ <��?= .  �/� �?1�12

�����J A�?�� �/���� D
�<  A��� ���/�� �2 ���!5 ��2?5 ��

 �< u!6p �1/��?4 � �1/�2�1 �5  
� ��= �< W�?��

 9�c �[�e ���= Q��� �3,� [�6bU .	�� W�?��

C,� �2�
 � A<�X�J �� �?R5 ��0� ��� �3
2 ���= ./,��5

5 (	
?:�� _?�) �:!� AR�4 �� AAs!< [�?. u
�z ���

5 �?<�� � ��=?
t��) ��Z�/RJ ��/,=��� A ����?R5 [�?.

�5  ���= A5 A
 P<  !� ��1/�2�
 ��ic � Q=�� �5 Q:�

���= � (��� �/= ���-  /,
� P� �3
2 �� A= D�c /!�=�

A�?�� �2���= .2��2 2?4� ��  ���J ��� D�c /!�=� Q���

��A�?�� m:
�<�� ./,��5 � �2?5 	R!� _?� �� �E;�g ��

 �2 .	�� D�c /!�=� � 	!�R= m,4 �� A�?�� ���!�

 Q:�4  ����� A�?�� y��� +F�>� �� ��
��\<6  �/� A]���

.	��  �Q:� D
� �2Q � <��?= :Op���= : ���!< ���CR: 

�2�
A<�,5�= ��� �:F  [�Z�/RJ �� ./,��5  

  
 Q:�4 -  �� y��� +b>�A�?��  �����6 A�?��)(9�
 ���  

3 -2- 7���#$ /��-0 89� :�0�2� ��(  

 ��� �5 C,� 9!��:� [��
���c G
���18  � s�

 � _�E��43  ��/4 �2 9�
 � s�2  �5 .	�� �/�c

 D
� �2 �/� ����5 [�!.?\
 �
2�>� D!3��!� A�
�>�

 Q:� ��2?�� � ��/45 ��/���� ��2?� A= _�E�� �/� 

A�?�� �� V��5 �
� J� ��=��< d?� 	��� �/� 	�� .

�5 �m:��
2�>� 	���>� ����J � ��/� A�!�!��B� �2 

	;�l _�E�� ���= �� �
2�>� D
� ��������� �2 	;�l 9�
 

�� /��5 . A= [�?. D
� A5 ��/>� �=��< 	���>�

9< _�E�� 	;�l �2 ��?@�� 82/0  �5��5 �2 ��/>� D
�

 9�
 	;�l). 0.82=sat dryUCS UCS�� (  ./,��5

 D!,^�� ��/>� _�E�� 	;�l �2 A�!�!�!�B� ��/�75 

) 9�
 	;�l /.�2. 0.75=sat dryEs Es�� ( ./��5

 _�E�� 	;�l �2 ��=��< d?� 	���2/1  d?� 	��� �5��5

) 9�
 W
��� �2 ��=��<. 1.2=sat dryVp Vp�� ( ./��5

A�?�� �;�3e 9�
 	;�l �� ���!5 _�E�� 	;�l �2 ��

�� _�E�� 	;�l �2 �;�3e A= [�?. D
/5 ./��504/1 

 �5��5) 9�
 	;�l �2 �;�3e. 1.04=sat dryρ ρ (

��  _�E�� � 9�
 	;�l �2 �
2�>� W�?�� ��2?�� ./��5

 Q:� �25 .	�� �/� A]��� ���= 	���>� ����J �2 

	;�l _�E�� W�?< �3
2 D!>>@�  !� /!
�< �/�  	��

]16 �19  �39[. A�?�� fc fO4 �QYRY< ��t?;?�!; ���

���= ��/>� � _?� �R��?� �� �c ��/>� � ���!� _?� ���

��A�?�� 	���>� �2 �!!s< V��5 A= /,��5 W
��� �2 ��

�� _�E�� � 9�
���= .2?�fc fO4 �5 ��� ����  V��5

�� 	���>� /
/� ���=�
�5 ./�?�  D!5 W5��� ��

 ��/4 �2 _�E�� � 9�
 	;�l �2 [�!.?\
1  A]���

C,� .	�� �/��
�� �5 QYRY< 2�
� ���3,� A= _�E�� 

/,��� ��/,��?< A,��2 �2�
� �� 	��� d�?�� �� ���� 

 /,�2]18[ .� J�
� �;�3e �/�� �?F A5� � J� V��5
� 

d�?�� 	��� �� 2?� .�R!����c�15

14 ��!5 2�= A= UCS 

C,� A��� ����R3�� �?�= uR�Y� oF�,� ����2 W
��� 

_�E�� 2�/l 6/75 /.�2 �c �2 W
��� 9�
 ��/��5� 

�2 �;�l A= ��/� ����� � +F�>�� �2 	;�l _�E�� A5 

T!<�< 1/76 � 79 /.�2 �0�c �2 W
��� 9�
 ��/��5 

]19[. �2 D
� A6;�b� UCS �2 W
��� _�E�� 2�/l 82 

/.�2 UCS �2 W
��� 9�
 ��5 o!>@< �5 G
��� A= /��

�R!����c� �� [��X�� ��=./��5  
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 ��/42-  G
���C,� 9!��:� [��
���c A�?�� ��� �5) 9�
 ���43 ) _�E�� � (� s�18 (� s�  

A�?�� ����� 
�;�3e  (g/cm3) UCS (Mpa)  Es (GPa)  Vp (km/s) 

QYRY< (/.�2)  
9�
  _�E��  9�
  _�E��  9�
  _�E��  9�
  _�E��  

1 6/2 68/2 16/46 85/38 69/25 27/18 27/4 82/5 01/1 

2 63/2 72/2 27/47 36/46 91/26 18/21 33/4 39/4 1 

3 7/2 78/2 72 34/65 22 05/17 29/4 81/5 7/0 

4 62/2 74/2 25/53 66/43 97/24 43/18 66/4 19/5 1 

5 55/2 66/2 7/42 26/40 5/15 63/11 07/4 23/5 47/2 

6 51/2 66/2 36/40 69/40 12 32/9 94/3 45/4 1 

7 66/2 75/2 14/54 48/46 48/30 06/22 71/4 5/85 8/0 

8 6/2 71/2 97/42 29/37 89/23 72/16 09/4 09/4 01/1 

9 61/2 68/2 33/41 25/37 19 95/14 4/0  87/4 2 

10 48/2 61/2 3/29 32/26 1/10 68/7 33/3 09/4 10 

11 5/2 61/2 69/21 78/17 9 75/6 9/2 48/3 15 

12 52/2 61/2 68/32 65/29 12/8 1/6 51/3 56/4 15 

13 58/2 64/2 65/29 12/25 02/9 77/6 35/3 68/4 14 

14 58/2 72/2 42/37 98/34 8/13 31/11 78/3 1/5 9 

15 47/2 57/2 33/29 87/27 13/5 85/3 67/3 98/4 17 

16 74/2 84/2 118 98/97 30 1/23 74/5 85/6 06/0 

17 78/2 78/2 120 4/98 24 05/17 95/5 14/7 22/0 

18 5/2 45/2 60 56/89 14 14/11 81/4 71/5 66/3 

19 68/2 - 7/100 - 4/20 - 19/5 - 34/1 

20 6/2 - 9/31 - 4/11 - 69/3 - 73/8 

21 65/2 - 68 - 8/28 - 89/4 - 3 

22 4/2 - 2/50 - 9/13 - 17/4 - 9 

23 78/2 - 113 - 32 - 83/5 - 16/0 

24 69/2 - 3/105 - 21 - 44/4 - 22/1 

25 43/2 - 5/41 - 9/10 - 83/3 - 9 

26 54/2 - 74 - 2/12 - 92/3 - 6 

27 35/2 - 1/34 - 3/13 - 69/3 - 28/8 

28 61/2 - 8/63 - 1/17 - 6/4 - 6 

29 5/2 - 5/56 - 7/12 - 23/4 - 8 

30 53/2 - 2/58 - 7/16 - 29/4 - 7 

31 41/2 - 5/53 - 3/15 - 17/4 - 8 

32 39/2 - 8/50 - 8 - 45/3 - 8 

33 61/2 - 4/59 - 3/14 - 45/4 - 7 

34 44/2 - 9/40 - 2/12 - 66/3 - 8 

35 35/2 - 6/33 - 9/7 - 6/3 - 38/8 

36 59/2 - 48 - 10 - 75/3 - 7 

37 63/2 - 5/74 - 8/12 - 85/3 - 6 

38 6/2 - 8/70 - 10 - 22/4 - 7 

39 65/2 - 9/75 - 4/13 - 35/4 - 03/4 
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 ��/42- A��2�  

40 47/2 - 8/33 - 9 - 98/3 - 9 

41 63/2 - 5/47 - 4/13 - 97/3 - 5/7 

42 69/2 - 6/78 - 5/14 - 99/3 - 39/3 

43 74/2 - 6/72 - 8/16 - 06/4 - 36/2 

QU�/l 35/2 45/2 69/21 78/17 13/5 85/3 9/2 48/3 06/0 

�}=�/l 78/2 78/2 120 4/98 32 24 95/5 14/7 17 

D!3��!� 57/2 68/2 1/57 88/46 08/16 52/13 18/4 13/5 77/5 
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���� A��5�� �!s�� 2��c�5 �2 ��������� �� h�/= � /��5

 �5 Q>��� �!s�� �c �i� /��5 ���!5 ��/>� D
� Ae��

�� ���!5 A��5�� �!s�� ��/4 ./��54 �� ���� A= /�2

 D!�Y<UCS q����5  ��05 ��=��< d?� 	��� � �;�3e

 �� QYRY<��./��5  T
�p D
� A5 A4?< �5 D!,^��

 ��/4 �2 ��5 T
�p)4�� �/���� ( �;�3e A= 2?�

 QYRY< � d?� 	��� A5 	E���!ij<  ��/� �5 ����=

A�!�!��B�  .2��2�,6� |b�  �2 ���2 �?��cT  A4?�

�� �2?5�5 ���������� �� 9
c �/� A;2�6� �2 �/� 2��

�� ���� �� �?!��1���3
2 ���!5 A5 ./�2  D!!6< ���5

,
�����c �a� �� A�?�� �3��E�� T
�p �
c A: `��
� 

�,6� ���2 �5 2��2 �X. �
 �!
 �� �?��c T �2�X��� 

�� .2?�  

 ��/44- �c 	!��� � T
��p�/� A;2�6� �2 ����  

�/� �/�� 2��/����� T
��p �/� 2��/����� T
��p 
T-test p-value 

B Std. Error Beta 

9 

Constant 88/202-  93/62  - 22/3-  003/0  

n 242/0-  63/0  046/0-  39/3-  70/0  

Vp 855/23  69/4  62/0  09/5  �X. 

ρ 914/62  33/25  28/0  48/2  02/0  

10 

Constant - 24/18  67/17  - 03/1-  31/0  

n - 67/0  18/0  - 46/0  - 81/3  �X. 

Vp 04/4  32/1  37/0  07/3  004/0  

ρ 39/8  11/7  13/0  18/1  25/0  

11 

Constant 58/216-  37/51  - - 22/4  �X. 

Vp 72/24  07/4  64/0  08/6  �X. 

ρ 25/66  55/23  30/0  81/2  01/0  

12 

Constant 4/1  93/5  - 24/0  81/0  

Vp 61/4  23/1  42/0  75/3  001/0  

n - 74/0  17/0  - 51/0  - 46/4  �X. 

  

 �2 Q>��� �!s�� �� �?Sl �E�� 	!��� ����c D
�

�� ���� �� �/�q��� D
� �5 ./�2� ) QYRY<p-

value=0.702 �/� �� /
�5 (9  �� D!,^�� .2?� `Ol

 �/�10 ) �;�3e  !�p-value=0.246) 	5�i ��/>� � (p-

value=0.308 �/� �� � (12 ) 	5�i ��/>�  !�p-

value=0.814 ./�?� `Ol /
�5 ( A5 A4?< �5 � D
��5�,5

�!ij<  �/� A;2�6� �5 QYRY< �] 49 �,6
 ������� D
� �

 �/
/4 �/� � /� `Ol �?!��1� A;2�6� �� QYRY<
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 ����� �/�)11 � �� J� h�� �� �2�X��� �5 (q����5  �;�3e

=��< d?� 	��� � 9< �=��< 	���>� D!�Y< 	04 ��

 �/� A;2�6� ��  !� �;�3e ./� A]��� ��?@�10  � `Ol

 �/�) �/
/4 �/�12 A�!�!��B� ��/� D!�Y< 	04 (

./� A]���  

)11(  66.251 24.723 216.582pUCS Vρ= + −  

)12(  0.742 4.61s pE n V= − +  

 ��/45 �� ���� D!!6< T
�p �
2�>� A= /�2

�/� � B�5 ���� �= 2��c�5 ��b
./��5  �0� [��X<

!6< T
�p � D!!6< T
�pD!  A= 	�� D
� �/� Q
/6<

�� ��J D!!6< T
�p  �/���� Q>��� �!s�� �� A= /,=

 D!!E< �� A��5�� �!s�� �2 2?4?� [��!!s< ��/� �2 �/�

�� ./,=  T
�p W�?< �/� �2�2 ���� /.�2 D
��5�,5

 ��J �5 D!!6<�!ij<  �!s�� �5 Q>��� ����!s�� A��

�� A��5��./��5  �/� �2�2 ���� /.�2 A= �<�?. �2

 �� Q.�l W>J �/� Q
/6< D!!6< T
�p W�?<�!ij< 

 A�� A� � 	�� A��5�� �5 �/� Q>��� ����!s�� �6U��

.Q>��� ����!s��  �2?5 T��,� A= 	�� D
� �3
2 [��X<

�5 ��l D!!6< T
�p W�?< �/� ���5 ���!s��  2?4�

 Q5�U B�5 ��/>�<Y�!�� A= �<�?. �2 	�!� x A5 ��?<

2�= 2����� �/� Q
/6< D!!6< T
�p �/� 2��c�5 ��/>� .

�5�,5 D
��� !� �D!!6< T
�p �/� Q
/6< ��/>� 
2R  �5 ��

 � �?!��1� W
 A5 �/� AJ�p� Q>��� ����!s�� A5 A4?<

/E� �� ��� A5 A4?< �5� r�.� � Q
/6< �/
/4 ���

�� ./,= D!5 [��X< Ae�� 
2R � 

2R  ���= �/� Q
/6<

/��5 �� ���� �/� A5 A= Q>��� ����!s�� A= /�2

�/� AJ�p��/� f�Y��� ����2 A5 /�� /��.  

 ��/45- �/� �5�
��� �����!6���  

Models R 
R 

Square 
Adjusted R 

Square 
MAPE  RMSE 

Std. Error of 
the Estimate 

Durbin-
Watson 

 )9(UCS=f (ρ , n, Vp) 861/0 741/0 721/0 2/1 23/14 14/13 66/1 

)10( Es= f (ρ , n, Vp) 861/0 741/0 721/0 02/1 25/13 69/3 51/1 

)11( UCS =f (ρ , Vp) 86/0 74/0 727/0 22/1 56/13 13/0 695/1 

)12( Es =f (n, Vp) 856/0 732/0 719/0 06/1 36/13 71/3 56/1 

  

�5 2��/����� ��b
c2��22

21  [�/U �� !� �/,�2 ����

�!��� �?!��1� A;2�6� �,!5x
�� D
� ./��5 �

�!!s<���/�� ��
O� �!� ��� W
 `��F� �2 �� �/� �,!5

�� ���� �?!��1��� ./�2x
�� D
� Ae� /��5 ���=� 

�!�o!U2 �,!5 �� �< ./��5  

 ����!6� �3
2�/� �5�
��� ������ �?!��1�� �

	�� �3
/:
 �� ���b
 �2?5 Q>���  [��X< ���� ���b
)

,!5 �!� �
2�>� � �6U�� �
2�>� D!5 A;2�6� W�?< �/� �

/,��� �?!��1�(.  �3
/:
 �5 ���b
 A= �<�?. �2

 2?4� �?!��1� �� �2�X��� ��:�� �/,��5 A���2 �3��E��

 �� �3
/:
 �� ���b
 ��>��� ����5 �?a,� A5 .2��/�

                                                 
22

21- Std. Error of the Estimate 

�?�<�� D!5��2 �?��c h�� A5 ��?��c23

22 �� �2�X��� 2?� .

 D!5 /
�5 �?��U 9
 ��?,� A5 ����c D
� ��/>�5/1  �<5/2 

 ./��5�P,
� �2 ��/>� �?�<�� D!5��2 �� ����A= /�2 

��>��� ���b
 �� �/� �� �2�X��� ��:�� � �3
/:
 ��

 ��/4) 2��2 2?4�5.(  

�,6� |b���2 �)Sig.<0.05 (�� Q.�l c;��!  

���
m�� )23
24ANOVA( � �����/�2 �/� A=��� 

� T��,� �/� N���5���5,/  ��/4)6(�3
2 ��!5 A5 .� 

 ���� m��
��� Q!R@< ��/4�� T
��p 2��c�5 �2 A= /�2

Q5�U ��E��� ��/���!U�5 �� !� � ��?!��1� �;?EU  ���5

                                                 
23

22- Durbin- Watson 
24

23- Analysis of variance 
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�/� ��� 2��2 2?4� ��?!��1��  |b� ��/>� A= ��
��,6� �c ���2�0  �
�05/0 	��.  

 ��/46- �/� m��
���  !;��c G
�����  

Model Sum of Squares df Mean Square F Sig. 

9 

Regression 83/19263 3 28/6421 19/37 �X. 

Residual 48/6734 39 68/172 - - 

Total  31/25998 42 - - - 

10 

Regression 99/1521 3 33/507 26/37 �X. 

Residual 07/531 39 62/13 - - 

Total 06/2053 42 - - - 

11 

Regression 17/19238 2 09/9619 92/56 �X. 

Residual 14/6760 40 00/169 - - 

Total 31/25998 42 - - - 

12 

Regression 06/1503 2 53/751 66/54 �X. 

Residual 99/549 40 75/13 - - 

Total 06/2053 42 - - - 

  

�2?5 ����� �/���!U�5 +
�?< �3
2 �:
 ���b
 �
 ��

�/� �5�
��� �����!6� ���� �� ./��5[��X< D!5 �
2�>� 


[�!.?\  � ��?@� 9< ����J 	���>�) 9!<����

 (A�!�!��B� ��/��/� ��!1 ���/�� � �!� �
2�>� �,!5 

W�?< �/� A;2�6� �� �/!��� �b
 �/��2 .2?� [�?. 

h/� ����U�5 D
� �!� ���J ��� ��?< �?!��1� �� 

�2�X��� D
/5 .2�= �?a,� /
�5 �
2�>� 2��/����� ���b
 

AE��@� 2?� ��2?�� � +
�?< �2�2�� �  ����� ��2?���0�c 

���  .2?� A5 A4?< �5�X. A5 9
2 � D!3��!� ��/>�  �

9
 A5 9
2 � ��!6� `��@��� �>< ���b

�E  +
�?< ����2

�� �����/,��5 �/� � D!�Y< 	04 �2�X��� Q5�U ��

�� 9!<���� k�?
 Q:�) /,��511(.  

    
(u;�) A�!�!��B� ��/�  (f) ��?@� 9< ����J 	���>�  

 Q:�11- �/���!U�5 +
�?< h��1?��!��/� A5 �?5�� ��� ���5  �6   

�!� �2 W5��� 	U2 �?a,� A5 ����!s�� �,!5

 �A��5���p
T 6<!!D )2R (� A5 �?5��� W5� [�!.?\


9!<���� �1 ���/�!�� �Y< � �/�!D  Q:� �2 �/� �2�

12 �/� A]��� � �/���� .	���2?�  A=W5��� 	U2 

2�>�  A5 �?5��
� ��?@� 9< 	���>� <�/�����  ���/�� �

1!��  �/� �� ���!5A�!�!��B� ��/� ��/��5 .  �?b����
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 �2 A= Q:�12 �� �/���� 2?� ��!�5 �� �2�2 �1/,=���

 �
 ��bU W
 A5�� 9
2 � 9
 A5 9
 W
 V��5 � /��5

 ��/� � ��?@� 9< 	���>� Ab5�� 	U2 �
� J�

�!� � ��!1 ���/�� A�!�!��B�.	�� �/� ��/� �,!5  

    
(u;�) A�!�!��B� ��/�  (f)  	���>���?@� 9< ����J  

 Q:�12- 9!<���� [�!.?\
 Ab5�� �1 ���/�!�� �Y< � �/�!D �/� �2� ��!s�� /,e �?!��1� N�� A5  


:� p�J ��![� �/���  A= 	�� �c [�65�� QU�/l

���
m�� U�5��/���2�>� r?b� �2 ��
� �!� 5!,�  �/�

������� ��?,� �5 A= �/��5 D3�� �� A�
�,�� �1� .2?�

�/� A5 5?
� ��3,� �/��5 �/� A�
���  ��2?�� A=

U�5!�/���2�>� �5��5 �2 ��
� �!� 5!,� � ��� �/���2?� 

�!� ?3;�� \Y��� �E�
/ ��� �1� ./��5 A���2 2?4�
m�� 

U�5!�/��� g ��!�/��5 	5�i� � �2
D [�?. ���
m�� 

U�5!�/���� ������� �� ���/,��?
.  �2Q:� 13  �2�X��� �5

N�� �� ��� ��2?���� �������� �/� A]��� ��� 9!<��� ��

	�� �/� .D
� ��2?�� N��� U�5 �� ���/��!�/��� �5��5 �2 

��2?�� �!� 5!,�  �2�X��� �/���/,= U�5 �<!�/��� �� ��

2�>� �5��5 �2
� �!� 5!,�  ���� �/�/�2� . �/���

�� 2?� ?3;� A=� �2�2 ��>�  �� �=��< 	���>� A5 �?5��

 _�E�� W
��� �2 ��?@� 9<C,< ��l �2  A5 �/� �<

 	���e �� � A= �/��5
D A���� � ���5� �������� 

X
!u �� /��5  Q:�)13(. ��3
2 �<��E� A5 � ��2?��
� 

� ����� � J� �5 .	�� N���1 ��l �2 �b
 A= /�2
� 

���
m��� � J� �b

� ��� 
/5���5�,5 .
D�� �!AP  A�J�1

�� � A= 2?�!� ,6� [��X<� ��2� �b
 �2� ���
m�� 

.2��/� 2?4�  

    
(u;�) A�!�!��B� ��/�  (f) ��?@� 9< ����J 	���>�  

 Q:�13-  	!6p��/� ���������/� A]��� ���  

4- �H�-0 �!��   D!�Y< [�!.?\
 9< ����J 	���>�) 9!<����

�:5 C,� (A�!�!��B� ��/� � ��?@� q����5 
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 ��=��< d?� 	��� � �:
 !J [�!.?\
 � ����5�!ij< 

 [�!.?\
 D
� �5 fc AR�4 ��	�� �2��?�  �?F A5 A=

�t��� �2 �2���1  [�6;�b� ���5 ��/6� � ������ ���

 ��!� 2�?� C,� 9!��:���/,��5 �
���c �J�F �� .

 	�����=��< d?�  4� �
���c�!g ��� ���c � f�Y�

 �2 �c h�P�� ��:�� � 	����@. .2��2 2?4�  D
� �2

 � �:!��:� ��:
 !J ��J��1���� [�!.?\
 �����

A�?�� ��=��< d?� 	��� A��� _�E�� � 9�
 ���

C,� G
��� ./� ����5 �?;B /���� �� �/� A!0< ���

 �J��1����A�?����� C,� A��� A>EF o5�b�  �/,5

;?J D
� A= 2�2 ���� 9C,� A��� 9!<�Z�/RJ _?� �� ��

	!; 	
���c	!; ��� 	
���c ./,��5 Q!;2 A5�!ij<  	5?F�

C,� A��� _?� D
� �:!��:� � �:
 !J k�?
 �5 ���

A�?�� �;�3e �� _�E�� 	;�l �204/1  �2 �;�3e �5��5

�� 9�
 	;�l�>� ./��5 ��/� � ��?@� 9< �=��< 	��

 T!<�< A5 _�E�� 	;�l �2 A�!�!�!�B�82/0  �75/0  �5��5

�� 9�
 	;�l ./,��5�!ij<  	��� �
� J� V��5 	5?F�

�� ��=��< d?� 	;�l �2 �c ��/>� A= [�?. D
� A5 2?�

 _�E��2/1  9�
 W
��� �2 ��=��< d?� 	��� �5��5

�� _?� ./��5;!t?;?��� A�?�� fc fO4 ��/>� � _?� ���

��=���� � _?�!��� R��?� �� �c ��/>� �� ��/,��5  A=

s< V��5!!�  �2�:!��:� � �:
 !J [�!.?\
 A�?���� �2 


���W � _�E�� � 9�
�2?� . 

 A= 2�2 ���� ����c  !;��c G
���q����5 o!U2  D
�<

 Ab5�� N���5 (�b
 D
���= � D!!6< T
�p D
���!5)

Y< �=��< 	���>� �5 �;�3e � ��=��< d?� 	��� �QYR

 ����
��3; T!<�< A5 A�!�!��B� ��/� � ��?@� 9<

AR�4 /,e � �b
 �� �2 A4�2 �� 	��� D!,^�� ./��5

 D
���!5 QYRY< � ��=��< d?��!ij<  [�!.?\
 �5 ��

 ���� ��>>@� �
�� �5�P< W5��� �P,��� .2��2 9!<����

 T
�p ����2) �J�= 	U2 ����2 W5��� D
� �� �
�5 A= 2�2

 �� �!5 D!!6<50  A��� [�!.?\
 D!�Y< 	04 (/.�2

C,� /���� ����?;B �� [�!.?\
 	U2 ./,��5

�!� 9!<���� �/� �,!5q����5  �D!!6< T
�p �����!6�

RMSE  �MAPE  � A�!�!��B� ��/� A= 2�2 ����

�!� ��?@� 9< �=��< 	���>� �/� �,!5q����5 

 ��2�?
�5 �04?< Q5�U 	U2 �� Q>��� ����!s��

��  ./,��5 �����2?�� ����5,3��� ���
m�� U�5� �/���  ��

2�>� r?b� �2
� �!� 5!,� �/��  D!!6< T
�p � ���b


)RMSE  �MAPE( A= 2�2 ���� /,e �?!��1���!s�� 

B�5 	U2 ���
  A��� 9!<���� [�!.?\
 D!�Y< 	04

 C,�q����5 �;�3e )g/cm3QYRY< �(  	��� � (%)

) ��=��< d?�km/s�
� Ab5�� �2 Q:� A5 (  ��2�?
�5

	��:  

)13(  66.251 24.723 216.582pUCS Vρ= + −  

)14(  0.742 4.61s pE n V= − +  
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