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 D�3E1. �&'�� � .���1 +), ��� ���G" H�1�� �)���)� ��  

I4��  *�� J��  �K�1�  R2  ��R 

) ��-B#$ � 7���1983(  30 ��!�- 7�� d!�  UCS = 2HR R = 0.72  

) !5-� ,� � ���c1985(  -  UCS = 0.994HR − 0.383  R2= 0.70  

) -!B� � A�	�-51990(  3+���5  UCS = 1.8 × 10−2 (HR × ρd) + 2.9  -  

) ���9;2001(  48 7�� d!�  UCS = 6.97e0.014 H
R

×ρ  R = 0.78  

) �'"�� � �#�'�2002(  Vi'_  UCS = exp.(0.818 + 0.059HR)  R = 0.98  

) �M��-� � -�'2004(  ���� �/���� �7�� 3�� �*$� 7��  UCS = 4 × 10−6(HR)4.2917  R = 0.89  

) �#�+ � u���52008(  ��!	�	� �
'-v� ���!�-  UCS = 0.0137HR
2.2721  R2 = 0.94  

) *��� � !�M�� ��!52008(  *$� 7�� �7�� 3��  UCS = 6.59HR − 212.63 R2 = 0.65 

) ��"��� � A�1999(  7�� 3��  BTS and HR R = 0.58 

) A�1978(  7�� 3��  BTS and HR R = 0.72 

) A�1994 (  /'-"��� � Vi'_  BTS and HR R = 0.80 

$ � ,"��#4) ��-B#2016(  
+-���+  UCS = 78.59ln(HR) – 239.2 R2 = 0.81  

) ��-B#$ � ,"��#42016(  
+-���+  BTS = 6.26ln(HR) – 17.99 R2 = 0.72 

3=�G� 
'�  7�� 3��  UCS = 3.615HR – 42.57 R = 0.912 

3=�G� 
'�  7�� 3��  E = 0.443HR – 3.503 R = 0.854 

3=�G� 
'�  7�� 3��  BTS = 0.349HR – 4.797 R = 0.924 

HR �/�#�� ��D� �"  :ρd*�� 3��&��� : 
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 D�3E2. �&'�� � -�� ./�� ��� ���G" H�1���)���)� ��  

I4��  *�� J��  �K�1�  R2  ��R 

) ���9;2001(  48 Q��D� 7�� d!�  UCS = 9.95VP 1.21  R = 0.83  

) �M��-� � -�'2004(  /��!��� � ���� �*$�  UCS = (VP-2.0195)/0.032  R = 0.81  

) *��� � !�M�� ��!52008(  3��7�� �7��*$�  UCS = 0.056VP – 191.00  R2 = 0.67  

) �#�+ � u���52008(  ��!	�	� �
'-v� ���!�-  UCS = 2.304VP
2.4315  R2 = 0.94  

) 7��� � �-�2008(  ��!	�	� �
'-v� ���!�-  UCS = 0.0642VP-117.99  R2 = 0.90  

) 7��� � )�!�� ��2009(  -  UCS= 0.133VP−227.10 R2 = 0.96 

) ��-B#$ � V����'�2011(  /�+�"'�@  UCS = 0.14Vp – 899.33  R2 = 0.83 

) ?�	'2011(  7�� �
+-���+/&�� � *$�  UCS = 2.304VP
3.543 R = 0.92 

) ��-B#$ � -5��2012(  13 Q��D� 7�� d!�  UCS = 0.038VP-50 R2 = 0.93 

) ��^!� A4� � ��#K �2015(  �-�  UCS=0.026 VP−20.47 R2 = 0.91 

) ��-B#$ � ,"��#42016(  
+-���+  UCS = 101.1 ln(Vp) – 802.8 R2 = 0.945 

) ��-B#$ � h!�&�!B���2007(  -  E=19.87 VP−27813 R2 = 0.84 

) 7��� � )�!�� ��2009(  -  E=4.9718 VP−7151 R2 = 0.97 

!+-5) ��-B#$ � h!�2011(  -  E=0.0015 VP−2.516 R2 = 0.74 

) ��-B#$ � V����'�2011(  -  E=0.041 VP−264.15 R2 = 0.81 

) ?�	'2011(  7�� �
+-���+/&�� � *$�  E=20.1 VP−53 R2 = 0.95 

) r�"�����2012(  -  E=0.919 VP
1.9122 R2 = 0.79 

A4� � ��#K �) ��^!�2015(  �-�  E=0.008VP−5.619 R2 = 0.89 

) �#�+ � u���52008(  ��!	�	� �
'-v� ���!�-  BTS = 0.49VP
1.8723 R2 = 0.92  

) ��-B#$ � ,"��#42016(  
+-���+  BTS = 8.44 ln(VP) – 66.2 R2 = 0.926 

3=�G� 
'�  3��7��  UCS = 0.041Vp – 15.40 R = 0.939 

3=�G� 
'�  3��7��  E = 0.005Vp + 0.621 R = 0.912 

3=�G� 
'�  3��7��  BTS = 0.003Vp – 1.680 R = 0.904 
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�� ,�-3� 35 /�� �5v 3� ��6 ./�� �"� �E�� $ -!K��

�	2'� 
��=+ A;�"c ��"=+ ��B��B� � �B'?�. ,$5 

 -� � /�� 3�.�	 -��; H'��� �-!� P!�� �$ �� 3�!#�

./�� �"� a-�?	 Z'�� 
����� /'9�  
  

  
 Q)�1 .����� R�C� .�ST�� (VW1��X�!�1 	1 ����Y" (Z ��1�������� ���1���  

  

 

 D�3E3.����� R�C� �����1�[E \�Y�(��1���  

�1 �������X�!  
�����1�[E \�Y�(� 

)!: }�  

 )�� ���&'�(S1) 34° 42' 34.14'' N 50° 38' 31.25'' E 

 ��� ���&'�(S2) 34° 41' 34.99'' N 
 

50° 38' 10.45'' E 

 
 �!� ���&'�(S3) 34° 41' 25.25'' N 

 

50° 38' 10.45'' E 

 
 �-9I ���&'�(S4) 34° 39' 56.33'' N 

 

50° 37' 35.27'' E 

 
 8E�@ ���&'�(S5) 34° 38' 27.29'' N 

 

50° 37' 19.84'' E 

 
 8�� ���&'�(S6) 34° 36' 28.04'' N 

 

50° 37' 06.74'' E 
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 -� P!�� �$ ,��� AD�D+ � 3��&��� 
��=+ 3� R!���
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./�� �"�  

 D�3E4. +���	0 N�������� �)���)� � �)�]�� ��*��W�K� ���� ���S  

����� �����  Q(6("  

(%)  

���!�1�  

(gr/cm3)  

-�� ./��  

(m/sec)  

.���1 �3/ 

(N)  

�6�	�� �aa� .���C�  

(MPa)  

��a� .���C�  

 (MPa)  

���!���b1 D�3�  

(GPa)  

1  62/4  60/2  3270  45  98/11  13/128  43/20  

2  13/5  51/2  71/3120  44  43/9  61/104  71/50  

3  96/7  43/2  06/2813  34  45/7  14/89  17/13  

4  62/5  52/2  92/2694  38  00/8  50/82  13/12  

5  50/4  63/2  84/3356  45  32/12  13/131  69/15  

6  78/5  51/2  46/2868  43  96/9  68/116  83/14  

7  89/7  46/2  71/2649  33  41/6  43/87  52/11  

8  51/14  07/2  90/1087  23  35/2  94/19  93/2  

9  71/5  58/2  14/2848  44  65/11  12/120  51/13  

10  01/5  61/2  13/3005  46  87/11  14/120  24/14  

11  64/5  57/2  46/3085  44  97/8  13/112  67/14  

12  48/7  43/2  09/2827  39  32/8  97/89  87/14  

13  01/5  54/2  80/3334  43  93/11  22/114  96/17  

14  58/6  41/2  2790  44  33/10  75/110  05/16  

15  27/10  20/2  2080  30  62/5  06/65  34/11  

16  29/6  50/2  2810  40  86/6  78/94  61/13  

17  62/11  17/2  1960  29  68/5  56/82  48/10  

18  25/13  16/2  1900  28  57/5  19/78  26/12  

19  33/9  25/2  2100  32  76/5  76/82  42/13  

20  90/13  12/2  1650  28  68/4  23/54  75/9  

21  23/13  12/2  1520  28  41/5  64/53  54/6  

22  25/13  26/2  2080  26  49/5  78/61  17/9  

23  53/7  40/2  2880  39  43/7  47/89  25/12  

24  17/13  18/2  2040  30  53/5  16/74  72/9  

25  17/12  15/2  1250  27  15/3  21/56  45/5  

26  11/13  18/2  1430  26  54/4  12/42  32/6  

27  02/11  25/2  1750  32  21/5  34/70  27/9  

28  42/12  21/2  1950  29  73/6  23/65  21/10  

29  23/9  37/2  2510  34  54/7  12/84  71/11  

30  11/10  34/2  2540  31  87/7  17/71  15/12  

A;�"c  50/4  07/2  90/1087  23  35/2  94/19  93/2  

�|5�"c  51/14  63/2  84/3365  46  32/12  13/131  43/20  


�����  05/9  36/2  74/2406  08/35  47/7  27/84  04/12  

 `��1��

�-�"����  

37/3  18/0  145/649  22/7  73/2  62/28  74/3  
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 AB� -� �/��2 ./�� �"� ���� ���  
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'� -� 
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3���� �"� �E�� 7��t'� ./t� H'��� 
t ,�- �

3�!#� �G; � ,$7/54 ���� 3� �G; /W&� � � ���

 )�=� /�Dl2  {W'�0+ /�Dl �) /�� �"� �E��

 )�=�27 ���� )�"4 -� �"� 3^�-� Z'�� h�� �� .(���

4 ���5 /��0� 
����� � �|5�"c �A;�"c �'�0� �

3�!#� ��'��� 3=�G� �-!� ,$35/2 �32/12  �47/7 

3� )B�@��  AB� -� ./�� �"�� /��2 ,��"=+ �

 ��� ��'��� H'��� �E�� �� "=� �"� 3�&B� 3�!#�

./�� �"� ���� 
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3� J!� / �� � ,-!1� � �G� 3��=� *' U-!Y

 L!� ���� ���&W#$ j'�l(r = 0.939) �� "��

 3G��-)1.(  
UCS = 0.041Vp – 15.40 

  

 �3G��- 
'� -�UCS *+ ,-�. /��0� j&c �� ,-!1�

 � )B�@��Vp 3�!#� J!� / ��3�� ,$ �� 7��

��s �� ��� j&c�� 3 ��!5 F�!+ �9��� Z'�� ."��

) *��� � !�M��2008) 7��� � )�!�� �� �(2009 �(
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)2012A4� � ��#�K  �() ��^!�20157�� ,��� ( ,$

 AB� 3� 34!+ � ./�� �"� �9���@ Q��D�3 –  ?�� L
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 3G��-) /��2.(  
UCS = 3.615HR – 42.57  

  

 �3G��- 
'� -�HR HBI ��D� �" �� /�#�� ."��

) !5-� ,� � ���c F�!+ �9��� Z'��1985 ��!5 � (

) *��� � !�M��2008^�-� ( ��c -� 
'� ./�� �"� 3
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 � 3=�G� 
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 Q)�4. c" ��a� .���C� ��� R�4"�1 �!��C�6�(� ��CCP� 1�� -�� ./�� � ��P�V 

  

 AB� -�5  3��&���6� )�"� 
�� RW+-� ?�� Q��(E)  �

3�!#� ��#+ ,��� J!� / �� ./�� �"� ���� ��� $

 /�� �G� RW+-� *' �����-@ �� 
'� 
�� RW+-� 
'��9�

 ,!; -�&� ���&W#$ j'�l ,�-�� 35912/0 �� � "��

 3��=� �3 :/�� �"� ���� ���  
E = 0.005Vp + 0.621  

  

� �3G��- 
'� -E  �)B�@��	 j&c �� 3��&���6� )�"�

 �VP 3�!#� J!� / ��3�� ,$ �� ��� j&c �� 7��

./�� 3��s  

3� 
�� RW+-� �"��5 Q�Y!+ 3��=� 
'��9� �3��� -!:

HBI ��D� �"  � 3��&���6� )�"� *' ?�� /�#��

 ���&W#$ j'�l � � �G� 3G��-854/0  AB�) /��

5-�=� �L 3�4:(  
   E = 0.443HR – 3.503  

  

 U6�=� 
�� 3&'0�3  �4 �� ��� J!� / �� 35 "$�

HBI ��D� �"  � 3&'0� -� 3� �G� RW+-� �/�#��

,!; j+���)�"� � ,�+ .�-�� 3��&���6�  

  

 Q)�5.  D�3� ��� R�4"�1-�� ./�� (VW1) � ���!���b1 .���1 ��(� �3/ (Z) �  

)3(  
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�� RW+-� �"  � J!� / �� � ��'��� ���5 /��0� 


 AB� -� /�#�� HBI ��D�6  ./�� �"� ���� ���

�� 3Kcy� h�� 
'� �� ,��� 3G��- 
'��9� 35 ���	

 3��=� *' J!� / �� � ��'��� ���5 /��0� Q�Y!+

 ����� � ��!� L!� -�&� ���&W#$ j'�l � �G�

904/0  3��=�) /��5 .(  
   - 1.680 BTS = 0.003Vp  

 �3G��- 
'� -�BTS 3�!#� ��'��� ���5 /��0� ,$

3���� )B�@�� j&c �� 7���#$ ."�� 35 -!:
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924/0  AB�) /��6 –  3��=� F�!+ 3G��- 
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BTS = 0.349HR – 4.797  
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 ���&W#$949/0 �915/0  �935/0  �"� ���� 3=�!+

3� 35 /�� F���- 3����7 �8  �9 �"� ���� ���:"��  
  

UCS = 0.028Vp + 1.316HR – 29.410   

E = 0.005Vp + 0.070HR – 1.369   

BTS = 0.002Vp + 0.219HR – 4.011  
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Abstract 
Uniaxial compressive strength (UCS), modulus of elasticity (E) and Brazilian tensile strength (BTS) 

are important properties of intact rock which are used widely in rock engineering. The determination 

of these parameters in laboratory is difficult, expensive and time consuming. Thus, it has been 

attempted that the empirical equations to estimate the mechanical properties of sandstones using P-

wave velocity and Schmidt hardness as two non-destructive and easy tests were developed. For this 

purpose, 30 rock blocks of sandstone have been collected from several parts of Upper red formation in 

southwestern Qom and they were tested in the laboratory. The laboratory tests include the 

determination of P-wave velocity and Schmidt hardness, and mechanical properties include the 

uniaxial compressive strength, modulus of elasticity and Brazilian tensile strength. Empirical 

equations have been developed for estimating the mechanical properties from P-wave velocity and 

Schmidt hardness using regression analysis. To check the validity of the empirical equations, t and F 

test were performed, which confirmed the validity of the proposed empirical equations. Moreover, the 

results show that P-wave velocity appears to be more reliable than the Schmidt hardness for estimating 

the mechanical properties. 
 

Keywords: Mechanical properties, P-wave velocity, Schmidt hardness, Sandstone, Regression 
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