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4�'��V"/��E	��-OFO��/����27��+��!����UZI�M'#	!�.��1NE	��#	 �U��!�����1�m�-�1

]p9�+�0"�Y5�D�'���"'��[?S�2��^��4�'��!��������F	��4%�����M'�������'��-OFO���"��=!

�&��	(O��MN�&'����h?�'9��

 )D�'��;]p�������������������������������� �(R² = 0.996)�,� N = 2.265 Wa + 0.462 

	A.��.	M#1�Z		A.�				AW�W$	%	E
=	��Q	�Q1%	 �%	��#@I	M#1�Z	AW�W$	%	[?	[-�	��#		

� �?1'�� ��P�$1'� 5RB� /B'�� M&���!�M'���/=!'N� ���� UN� UZI� ����� '�� *��(�N� a+

D�'��&'����h?�';����2����N�4���m�-�1�p�9��

)    D�'�;��p�����������������������������������Wa= 45.38-16.63
sat  ,   (R² = 0.663) 

����UN�UZI��"��=!��!�'��*��(�N�a+N�#	 �a6��5RB�/B'��M&��&'����h?�'����M'��

�2�� ���N� 4��mD�'�� ;op.�D�'�� �"'� �'��( -�1� ��� 2�o�4�'� �/1� ����N9��M&�� �'/=!� 27� �+

53� a6�� 5RB� /B'���"'� 2�� 2I��� ��� ./1��� ���FO�� 23E	�� -O�UN� UZI� �'/=!� .��'�� *���

E	���!�����192���	(+��h�!��'��( �0	1�-	L��4�'9�D�'��2��4$S �2D�'���"';���.2���"'�-	L���23

�.4�'��/6 ����UN�����L���*�+�,
5+�0"�Y���[?S�E	��*�����'��9��

mD�'�;�om���������������������������������������������pR² = 0.834p, �Wa= 36.07-13.33 
d 

�!� '�� P�$1'� 5RB� /B'�� M&�� �"��=!2�� .a6�� 5RB� /B'�� M&�� &'� ���h?�'� ��� M'����a(3

D�'��;t��&��	(O��9�-�1����2D�'���"'�2��X���!��'��( t�4�'��/1�����N�9���2D�'���"'�*'

��'���"^���4%��P�$1'�5RB�/B'��M&���	(O�9��


sat = 0.705
dry + 0.802   ,   (R² = 0.950)                                    �D�'�;�tp )� 
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	A.�&.	M#1�Z		S�T�1	��Q	�Q1%	 �%	��#					LI	M#1�	A.�Z	[?	[-�	%	E
=	��Q	�Q1%	��#		
[?	[-�	%		

		
	A.���	�%	��#	
M#1�	E
=	��Q	�Q1%	 
S�T�1	%		

		

		
��
@I	7��	�.���.�	:��;8<=	��#	�#��$		Y#1%�	2����?	E3?		

&'� ���h?�'� ���� 2?	S	?�^'� <�/!� �"��=!��a�� *��6
� 4!��=!����K!�a6�� 4L�B� �����

P�$1'�� 0"�Y� ��� �D�� `�'��� *��� a"5+�� �[?S����� ����� ��� 0���!� �?$S ��a+N

2�� *��(�N�/1� ����N� 4��� MN� Q"�? � 23� .� ��'�1�� <��� ����MN� &'� -��B� `�'��� �2�� �+���'�(+

5+�0"'�Y��[?S�2L��
!����M�1�*�+�������4�'��/1�����N9��

*'���a�� *��6
� 4!��=!� &'� ���h?�'� ��� a6�� 4L�B� ��� 2?	S	?�^'� <�/!� �	(O�����K!����

a6��4L�BD�'��.;�����4�'��/1�2:'�'��-�1��'��( ���2D�'���"'�2��X���!�#	 4�'�9+�27��

'/=!������K!�a��*��6
�4!��=!�a6�E	���!�����1.��#	 �a6��2?	S	?�^'�<�/!����"&�

�!��8�9��

Edry = 0.319Ucsdry+0.022    ,   (R² = 0.582)                               �mD�'�;��p   �

�	(O��*'���a��*��6
�4!��=!N�a+N��������K!�&'����h?�'����P�$1'�4L�B����*��(�

a��*��6
�4!��=!D�'��.a6��4L�B�������K!;�v��!���V�6	����8�9�"'�2��X���!��'��( �

�-�1����2D�'�v�4�'��/1�����N9�4�'��V"/��a��*��6
�4!��=!�27��+��4L�B�������K!

'�a6�E"'#
��!#	 �P�$1'�4L�B����/��"��!�E"'#
'�MN��'/=!/��"9��
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mD�'�;�v����p�����������������������(R² = 0.6285)��UCSs = 0.7833UCSd- 4.9305��

*'���?	S	?�^'� <�/!� �	(O�;�?	S	?�^'� <�/!� ���h?�'� ��� P�$1'� 4L�B� ��;��4L�B� ��

D�'��.a6�;����2��4��4�'��/!N�9M��7��27�-�1��'��( ���!�M�6 �/+�.�?S	?�^'�<�/!;����

�4L�B�P�$1'�4L�B�����'�(+�a6���'��*��
��/ ��9��

mD�'�;������p��������������������������������   (R² = 0.745)�Esat = 0.615 Edry+ 2.568��

*'���?	S	?�^'�<�/!��	(O�;�a��*��6
�4!��=!�&'����h?�'�����P�$1'�4L�B�������K!����

P�$1'�4L�BD�'��.;���4�'��/1�2:'�'�9�-�1��'��( �.��2D�'���"'�2��X���!4�'�9���"''�2D����

���2S"�=!�D�'�;���5+�0"�Y�&'�.a6��4L�B�*'�����[?S�E	��*���4�'���'�����9��

mD�'�;���p(R² = 0.802)                                �  Esat = 0.327 Ucssat+ 1.662��

��

		

		

		

		
		

	A.�6I	M#1�Z		2��
*	)�%�5�	��#
E$		��8H�E
=		
!�"�!�]1	P%��	�#E
=		

	A.�\I	M#1�Z		2��
*	)�%�5�	��#
E$	=	��8H�E
		2��
*	)�%�5�	�#

E$	S�T�1	��8H�		
		
		
		
		
		

		

		

		

		
	A.�VI	M#1�Z	!�"�!�]1	P%��	��#Z				

!�"!�]1	P%��	%	E
=Z	S�T�1		
		
		

		
		

	A.��I	M#1�Z		2��
*	)�%�5�	��#
E$	��8H�		S�T�1	!�"�!�]1	P%��	�#Z		S�T�1		
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&I	2����?	E3?	7��	�.�����+	:��;8<=	��#	�#��$		Y#1%�		

&'����h?�'������=!P�$1'�4L�B����*��6
�r�!�4)����"���a6��4L�B�����!���?S '�����M'��

��".��� '�� *�["�2����N� 4��9�D�'�;��n�2D�'��*'�"'� �	�� �D����� 4�'� �?!'���� �����'��( 

^8#���� 2�MN�-�1� ���n�4�'� �/1� ����N� 92���4L�B� ��� r�!� 4)��� E"'#
'� ��� �F3� ��C

"'#
'�#	 �P�$1'�4L�B����r�!�4)���.a6��!�E/��"9��

)�D�'�;��nVpsat =0.88 Vpdry+ 750.8 (R² = 0.853)                           ( ��

*'����	(O��r�!� 4)����1����'� ��� .P�$1'� 4L�B� ��?���� *��6
� r�!� 4)��� &'� ���h

P�$1'�4L�B.��D�'�;����4�'��/1�2:'�'��9-�1����2D�'���"'�2��X���!��'��( �������/1�����N��

4�'�9���"'D�'��2��4$S �2D�';��n�.�&'5+�0"�Y�53��[?S���*��4�'��'�������9��

mD�'�� ;��m� � � � � � � � � � pR²=0.5444� pVs(sat)=0.4604Vp(sat)+543.41 

��

��

��
 

		
		

	A.���I	M#1�Z	E
=	2��
*	_8�	)B��	��#		A.���I	�#	S�T�1	2��
*	_8�	)B��	��#	
M#1�		
S�T�1	2��
*	_8�	�#																																												S�T�1	���#	_8���

�4L�B����*��6
�r�!�4)���&'����h?�'����.a6��4L�B�����1���r�!�4)����	(O��*'��

D�'��.�a6�;��]�4�'��/1�2:'�'�9�-�1����2D�'���"'�2��X���!��'��( �]�4�'��/1�����N�9��

mD�'�;��]�����p(R² = 0.7976)                 �Vs(d) = 0.4762Vp(d)+ 486.74��

�	(O��*'�� �4L�B�����1���r�!�4)���&'����h?�'����.P�$1'�4L�B�����1���r�!�4)��

.a6� D�'�;�����2�/!N� 4��4�'� �� 9� -�1� ��� 2D�'�� �"'� 2�� X���!� �'��( �����/1� ����N

4�'9��

mD�'�;�����p�������������������������R² = 0.7751) �pVs(s) = 0.975Vs (d)+ 147.57��
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E
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		A.��&	I	M#1�Z		���#	_8�	)B��	��#

S�T�1	���#	_8�	�#	E
=

		
!��
�	F��2		

�����&'�j���#R���"FK����2	��'��-�+*�2��X���!�������(�N�a+N*�4��������/����8

�M��������]A�����/K!�.		������'�	
���	#"�� ��!�.	����."�!�	��_'���.��'�*�1������

MN/"��8� �		
�� �+���'���� &'� ����� �	�� �+�?!� `�'��/"��8� �'�%��� �D�9�`�'��� �"'�!�'�� ��/

�$���!��	(O��E"�!&N�_�R '�&'�E	��.������/�V!���	�����&'/+��2:'�'�&�	 ����!�*�+�9

�!��	(O���"'����M'����.0���!���/�V!����,%��(Y#+"2�����+��'/
�!&N�"E�*�+��&�	 ����!

���� ���� �"����1� *'���� '�� E+�3'��9�� E+�b�� �"'� ��2��� �F3��C� 2�� -!'�)�	}z���'Z8

�	!&�� ����1� 2I���/1�4�'� 94"�V � ����+�?!'���*����� ��	 ��!�*��(�N� a+N��2������

���^��
!������14�'��/��23����2����&'�MN��+�!����1'����8���

�9 !	[ �	�N�a+N�5RB�/B'��M&�����(*�2��P�$1'���a6��4L�B�������	������'���0to��]�

��t�t�]��_�8���? ����.0
�!��?!!	[ �	�-OFO�������t�����/���!	[ �	�UN�UZI��

'���"��������/B��+�����]�/����4�'9 

]9 !	[ �	����6
�4!��=!*�a���a6��4L�B�������K!o���o��P�$1'�4L�B������<������[!

!	[ �	�4!��=!��o��v]�[!�<������4�'�9!	[ �	A��<�/!��		���-�1?�^'	S	�4L�B����2?

�a6��n�8	�P�$1'�4L�B������<������[]t�8	!��'/=!���<������[	[ �	�Y��"�M��N���0

2��P�$1'���a6��4L�B�������	�0]�n�����n�4�'�9 
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�9 !	[ �	�r�!�4)�����(3'������1���2��a6��4L�B�������	������'���0ovot���]������?!
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n = 2.265 Wa + 0.462 


sat = 0.705
d + 0.802 

Vpsat =0.88Vpdry + 750.8��

v9 ������!	���������������3�!��������*'���&�'"�����-!'�)�	!&������1(O�	����-��%

�$%L��
Y��&'	
�4	#"�� ��!�.	��������a+N�/1��������2:'�'�!�|���&'���/+��#+"2���+*�
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�!���89 

J#���		
�� �Y��".�
2 '&�.�/!�&�SL*�����:�� ��?
�	�����(�N� / &��*��'/
�� ���/K!� ��*��&��� &'�+*�

+	L��/	�����63�U�G�U��I����~%'����."M��2!� ����1��3���/�V!�/1�'��.M/
!�|�6?3'����[6 '�

M'�V��)����p����9 

�� V
	(�'�.�
/(BB�.d����./!�.��!&N"E�+*� ��!	 �$!�.����a���> *�M�!&N�.�+��'/ �?�'���+*�

�!&N"+�[6�!�V��43�1�.<�'�/FI�.���
���� ��!	��'������'����'&��q���a*�m���np�v��9��

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
86

83
7.

13
90

.5
.1

.7
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 je

g.
kh

u.
ac

.ir
 o

n 
20

24
-0

5-
04

 ]
 

                            16 / 18

https://dorl.net/dor/20.1001.1.22286837.1390.5.1.7.2
https://jeg.khu.ac.ir/article-1-369-en.html


	�nvt���������������������7��	�.���.�890	:��;8<=	�#����1	 ���=	2�3��	��>!=��	�+	2����?	�����	�.3?	2�3�		%@



3. Ameen, M. S. and et al, "Predicting rock mechanical properties of 

carbonates from wireline logs (A case study: Arab-D reservoir", Ghawar 

field, Saudi Arabia), Elsevier,Marine and Petroleum Geology, 26 (2009) 

430-444. 

4. Al-Jassar, S. H., Hawkins, A. B., "Geotechnical properties of the 

Carboniferous Limestone of the Bristol area", Proceeding 4th 

international Congress international Society Rock Mechanics, Montreux, 

A. A. Balkema, Rotterdam, 1(1979) 3-14. 

5. Bell, F. G., "Engineering Properties of Soil and Rock", fourth Edition, 

Blackwell Science Ltd (2000) 482. 

6. Brattli, B., "The influence of geological factors on the mechanical 

properties of basic igneous rocks used as road surface aggregates", 

Engineering Geology, 33(1992) 31-44. 

7. Chang, C., Zoback, M. D., Khaksar, A., "Empirical relations between 

rock strengthand physical properties in sedimentary rocks", Elsevier, 

Journal of Petroleum Science and Engineering, 51(2006) 223-237. 

8. Deer, W. A., Howie, R. A., Zusmann, J., "An introduction to the rock-

forming minerals2nd Ed.", Prentice Hall (1996). 

9. Howarth, D. F., Rowlands, J. C., "Quantitative assessment of rock texture 

and correlation with drillability and strength properties", Rock Mechanics 

and Rock Engineering, 20 (1987) 57-85. 

10. Kahraman, S., "The correlations between the saturated and dry P-wave 

velocity of rocks, Elsevier", Ultrasonics, 46 (2007) 341-348. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
86

83
7.

13
90

.5
.1

.7
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 je

g.
kh

u.
ac

.ir
 o

n 
20

24
-0

5-
04

 ]
 

                            17 / 18

https://dorl.net/dor/20.1001.1.22286837.1390.5.1.7.2
https://jeg.khu.ac.ir/article-1-369-en.html


����	
��
�	������	�����	�	�������	�����	��	 �!"#�$	%	���#	�&��																																											��\6	 

11. Lucas, R. D., and et al, "Analysis of limestone micromechanical 

properties by optical microscopy, Science Direct, Engineering Geology", 

110 (2010) 43-50� 

12. Mavko, G., Mukerji, T., Dovorkin, J., "The Rock Physics Handbook", 

Second Edition:Tools for Seismic Analysis of Porous Media, Second 

Edition, Cambridge Yasar, University Press, New York, (2009) 525 page. 

13. Prikryl, R., "Some microstructural aspects of strength variation in rocks", 

International Journal of Rock Mechanics & Mining Sciences, 38 (2001) 

671-682. 

14. Shalabi, F. I., Cording, E. J, Al-Hattamleh, O. H., "Estimation of rock 

engineering properties using hardness tests, Elsevier", Engineering 

Geology, 90 (2007) 261-273. 

15. Tugrul, A., "The effect of weathering on pore geometry and compres-

sive strength of selected rock types from Turkey", Elsevier, Engineering 

Geology, 75 (2004) 215-227. 

16. Tsiambaos, G., Sabatakakis, N., "Considerations on strength of intact 

sedimentary rocks", Elsevier, Engineering Geology, 72 (2004) 261-273. 

17. Yasar, E., Erdogan, Y., "Correlating sound velocity with the density, 

compressive strength and Young’s modulus of carbonate rocks", 

International Journal of Rock Mechanics & Mining Sciences, 41(2004) 

871-875. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
86

83
7.

13
90

.5
.1

.7
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 je

g.
kh

u.
ac

.ir
 o

n 
20

24
-0

5-
04

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            18 / 18

https://dorl.net/dor/20.1001.1.22286837.1390.5.1.7.2
https://jeg.khu.ac.ir/article-1-369-en.html
http://www.tcpdf.org

