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3�� 0�� Y��5�� 3-�� �XTOT" E?!� ���I �  	� 3@5� 1a@ ) ��4 �1979(  

���^   	�  1a@ 3@5�)gr/cm
3(  E?!� ���I   XTOT"(%)  c�-�"  

1  75 /2 >     43 /0>  30>  ��	* h��  

2  75 /2- 55 /2  43 /0- 18 /0  30-15  h��  

3  55 /2- 20 /2  18 /0-05/0  15-5  t��3
  

4  20 /2 -80 /1  05 /0-01/0  5-1  �	!�"  

5   8 /1<  01/0<  1<  ��	* �	!�"  

 

#�� ��:0
 �	!�" Y�n� 
���!�$� y?�:
 �c0�03
 

k	B^ � @e�F 7��[+ 7�� .-%�	�j y?�:
 ,�+�� 

�9+� @XF @E �h��  � +�[ ����
 +� )�:; k�30
 )�� 


C � J�*  ��� � U�'V�� � u�VI�� �" �"+� #E �% +� 
f� 

�!� ��!E
; z��� ��l3
 #�� #E �% �
 ��� ./!�A;� 

#�� ��:0
 {h�$B
 /!�A;� 7	S	K <�� �+  � ��
$% 

�+�� .�
� �$� #��C �� #E  � #���� �:*�� ,�
� �+ �! )�V. 

7	S	K <�� ���S3�� �
K � �!�� #�
�E ,�% J	���
 

���� �+ A	� 
6��
 +�
. ��� .+� zD� b���
  ^
. �  	1C 

�� �  ��
 �� �!� b���
 ) ��
<��,�% ���3? ,�+�� 

�9+� �!h�� N	�	� ���� � ,�
�  	1C �� �  ��
 

Y���
 ��3'	�(� �� �;
:
 �!�V� #�� ��:0
 
3$K 

�� 6/1  3��� ���� ))��F 4 .(�X? #�� ��:0
 {�3V'� 

,h�� �!� y?�:
 ) ��
 <�� ���3? (#��� ���%� ���D3�� 

,h�� 8�+e � c0�0C {�3V'� �	!�" #E �% 7��  K 
� W��� 

 IV[ ,��� #��E ))��F 2 (A	� �	s�C �
 ��
� ./	��!
C 

+��I
  3	'��� J�* �!� <�� �% 51/2 �
� 
� 

�3��� 
3
 YB�
 � �!
3$K +��I
 #E 49/2 �
� 
� 

�3��� 
3
 YB�
 7�� .�� 
6� c0�0C A	� �!� <�� �%  ��

17/5 �9+� �C 62/5 �9+� �+ #��� �
 ��%� .�9+� 

@XF @E A	�  � #���� ,+�3K�; -1
 +� �		BC 7	S	K 

<�� ,�% ���$3*�� � b���
  ^
. �� ����D
 32/0 

�9+� �C 36/0 �9+� 
		TC �
 ��K .+� )��F 4 ���\ 

c��. 2
!X" ,�
�  ������ ,�% �+�
 x
:
  � #���� 

b���
  ^
. ��+�E ��� 7��.  
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=�3R 3. d����  ��	4 ���&" ,��-�./ �)�[�� ����� 
�� ���� 0��  �L(�� ���� �&'�(�  

�����  n%)(  3-�� eHR e4  ��(gr/cm
3
)  ��(gr/cm

3
)  ����(gr/cm

3
)  GS)(  

1   21 /5    33 /0  49 /2   50 /2  52 /2  62 /2  

2  20 /5   34 /0  51 /2   53 /2  54 /2  63 /2  

3  62 /5   33 /0  49 /2   50 /2  51 /2  65 /2  

4  25 /5  35 /0  51 /2   53 /2  55 /2  66 /2  

5  19 /5  36 /0  50 /2   51 /2  53 /2  62 /2  

6  17 /5  35 /0      47 /2   49 /2  50 /2  64 /2  

7  21 /5  34 /0  49 /2   50 /2  52 /2  60 /2  

8  20 /5  33 /0      47 /2   49 /2  51 /2  63 /2  

9  22 /5  32 /0  49 /2  50 /2  51 /2  60 /2  

10  19 /5  34 /0      50 /2  51 /2  51 /2  61 /2  

11  19 /5  36 /0  50 /2  51 /2  53 /2  62 /2  

12  20 /5  34 /0  51 /2  53 /2  54 /2  63 /2  

13  17 /5  35 /0  47 /2  49 /2  50 /2  64 /2  

14  22 /5  32 /0  49 /2  50 /2  51 /2  60 /2  

15  19 /5  34 /0  50 /2  51 /2  51 /2  61 /2  


|K��\ 62 /5     36 /0  51 /2  53 /2  55 /2  66 /2  

c.��\ 17 /5  32 /0  47 /2  49 /2  50 /2  60 /2  

�	���	
 21 /5  34 /0  49 /2  50 /2  52 /2  62 /2  

 

=�3R 4. ��3@ X��2 G��HI 
5�� ��53>�� 
�� ���� f�.� �� ��� ��53����5 �O�   5��5)��53����5 �O� ��� 6440� 1394(  

  

  

  

  

  

  

 

 

 

 

 

  

g5�� �>���5�  

���� ��3;+�� )Id(%)( x
B
 #�A	
 7
��I
 <�� +� 


��
� ������% 7��  K �� R!
[ /!�
�E ���� ��3;+�� �� 

+�
. #���  *��K ,�% ���� +� @E �[ ��  *
j 

������ ,
	� �
 ��� )�$	1; 
; � 2�
� �1380 .(cV$� 

)1971(� <�� �% �+ W���
� G*�� ���� ��  �\

 ,� � 

�	����
; � �+���j )1972(� <�� �% �+ W���
� G*�� 

���� �	?��  �\

  IV[ ,��� ��
K ��� .+� �!� �R	IDC 

 � +�6�
 ���!�+� 
f� /!�A;� ���BC  *
j ,�% 
C � 

J�* ���� 
� ,�+ ����  ��
 <�� ,�% ���3? � 

/	" ��	� +�3;+ ��+� 8�
 #E �% +� �[ 
;E��! �������% 

 ���
 <�� ,�% �� 7
��I
 h��  K #�IID
 
�!� ),��V. 

� �?��+1391� ,��V. � #�+��$%� 1392 (��O�� ���� ��� .

�!� #�
�E A	� +� 15  *
j ��O�� ��� 7�� .Q!�3� 

/!�
�E ���� ��3;+�� ,�
�  ��
 <�� ,�% ���3? +� 

)��F 5 ��
E 7��  

�
� /!�
�E  
���\ �+����3��  

)�3� ���
E(  

�9+� /!��   ������)N? N�O�E(  50  

�9+�  ��� ,�% ��?�" )
|K��\(  30  

�9+�  ��� ,�  �����)
|K��\(  35  -  45  

7
��I
 +� c��I
 /!��  8�S?��) ������ A!+(  10  

7
��I
 +� c��I
 /!��  8�S?��) ������ 7�+�(  12  

 3	'���  J�*)
� Y'\ �
� 
� �3��� 
3
 YB�
(  2/3 -  6/1  

�9+� @XF @E  ������ 7�+�  2 

c.��\ 7
��I
  ,+��;)��
 )����"(  52  

�9+� @XF @E  ������ A!+  3  
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=�3R 5. d���� h���	4 g5�� �>���5� �� 15 �/�N �� 
�� ���� 0�� 
�� ���� h���	4  

�53&" �/�N  �����  Id(%) 

1   ��
 <��    09 /99    

2   ��
 <��  65 /98    

3   ��
 <��  44 /97  

4   ��
 <��  05 /96  

5   ��
 <��  70 /95  

6   ��
 <��   86 /94  

7   ��
 <��  45 /93  

8   ��
 <��  26 /92  

9   ��
 <��  50 /91  

10   ��
 <��  82 /90  

11   ��
 <��  76 /89  

12   ��
 <��  96 /88  

13   ��
 <��  10 /88  

14   ��
 <��  50 /87  

15   ��
 <��  50 /87  


|K��\   ��
 <��    09 /99    

c.��\   ��
 <��  50 /87  

�	���	
   ��
 <��  77 /92  

 
 

h���	4 U'UOa�4  

�!� /!�
�E ,�
� �		BC 7
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 ���� +� c��I
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^  � +�K �
 ��+ .+� �!� 2�+ +��I
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� 
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B
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 � +�6�
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���3�� 7�
� 8�9 � �AT
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 ��� )�$	1; 
; � 2�
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 ��! �� /!�
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0

	n � ����E �7�� 
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 ����C ��O�� ��� � 

 � 8+�9 #�A;���+ ,�
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��!� 

<�� �+�
 ���S3�� +�
. �
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��� ,��!� #�j ]�� 

�<�� �7;�� � 3	'��� �c0�0C �9+� �7��[+ +��; 

+�:D
 ����K � �
� 
� 7�
� +��3�� L��
� �C�9 � 7��f 

)��
  3	'	3�h� ��	
��!� ��
f�
 )�$	1; 
; � 2�
� �

1380( . � ��l� #�� ,�% ������% � �����
�� 8�DS9 

 !h ,��� � 8�	9�:* ��+� �% )�,
�� ����
" t��C 

�@E ���
 �����K
" Y	� � ���3
� (
	fgC �$1
 
� ,�+ 

7�
� ��
? ,� �+�� .,�
�  V��D
 +��I
Vs  ��  H��+ )1 (

���S3�� ��� 7�� )�$	1; 
; � 2�
� �1380.( +� 

)��F 6 k	9�C 7�
� L�
 � )��F 7 Q!�3� /!�
�E 

7�
� L�
 +� 7?�\ J�* � +� 7?�\ ]�V�� ��+�E ��� 

7��.  
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7
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)(Elastic modulus � 7
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 ���K ��!�
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	� ���� ./!�
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=�3R 6. �L?` 
3�� 0�� )�)� �� ���" 0�� (�� Y��5 E7�� i�� ) ��41979(  

E7�� ,�- )Km/S(  c�-�"  

5/2 <  ��	* �	!�"  

5 /3-5 /2   �	!�"  

4-5 /3  t��3
  

5 -4   h��  

5>  ��	* h��  

 

=�3R 7.  d���� h���	4 E7�� i�� � 3-�� h��� ���� 0�� 
�� ��>�' �� E'�@ jP/ � M�?�5  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

=�3R 8. ��� 
3�� 0�� �)� �� Y��5 E���L� 
��P� j" 
��A� � E?!� �'�3� )��� � �O��� 1966( 

E���L� 
��P� j" 
��A� E?!� �'�3�  

��+  �
� 7
��I
  �
(Km/s
2
) �
(psi)  �
(MPa) ��+ 7	B^� 7V'� �?��
 7V'� �?��
 

A  ��	* h��   2250>  32000>  221>  H  h��  500>  

B  h��  1125-2250  16000 -32000  110-221  

C  t��3
  562 -1125  8000-16000  55-110  M  t��3
 200-500 

D  �	!�"  281-562  4000-8000  28-55   

E  ��	* �	!�"  281<  4000<  28<  L  �	!�"  200<  

    
���&" ��T� �P#R5� E���5  

�30� ��1F�� 7	$�� )SHV (��! �� -	%�S
 �O!�+ 

7��  K ,�
� k	9�C 7
��I
 <��  � +�K �
 ��+ .,�
� 

�!� +�6�
 �� /�j7	$�� ���S3�� �
 ��� .#�
�E 

�30� 7	$�� J! #�
�E �#��+� �b!
� �V!
0C
	n � c��. 

�
F� +� �
D9 � ����!�
�E 7�� )�$	1; 
; � 2�
� �

����� �����  Vs sat(Km/S)  VP sat(Km/S) Vs dry(Km/S)  VP dry(Km/S)  
3-�� h���  ��53>��

)U' UOa�4( 

1  085 /3  630 /4  021 /3  546 /4  48 /20  

2  090 /3  638 /4  037 /3  547 /4  28 /30  

3  080 /3  645 /4  026 /3  545 /4  85  /31  

4  092 /3 640 /4  030 /3 540 /4  71  /38  

5  097 /3 628 /4  029 /3 548 /4  58 /30  

6  100 /3 630 /4 035 /3 544 /4 25 /25  

7  085 /3 625 /4 020 /3 545 /4 22 /32  

8  104 /3 650 /4 025 /3 540 /4 81 /23  

9  098 /3 650 /4 029 /3 548/4 58 /30  

10  095 /3  645 /4  030 /3  546/4  48 /20  

11  098 /3  650 /4  029 /3  548 /4  85  /31  

12  098 /3  650 /4  025 /3  540 /4  25 /24  

13  090 /3  638 /4 037 /3  547 /4 85  /31  

14  080 /3  645 /4  026 /3  545 /4 71  /38  

15  085 /3  625 /4  020 /3  545 /4 35 /33  


|K��\ 104 /3  650 /4  037 /3  548 /4 71  /38  

c.��\  080 /3  625 /4  020 /3  540 /4  48 /20  

�	���	
  092 /3  638 /4  029 /3  545 /4  59  /29  
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1380 .(+� �!� /%�5" �� /�j 7	$�� ]�� N ���S3�� 

��� 7�� .+� ��$C �+��
 �30� ��1F��  ��$� �% +� 

7?�\ -s�. 7V'�  � yH� <�� ������ ,
	� �� .+� 

)��F 9 Q!�3� /!�
�E 8�	9�:* ��	���
 +� 7?�\ 

J�* � +� )��F 10 8�	9�:* ��	���
 +� 7?�\ 

]�V�� ��+�E ��� 7��.  

 

=�3R 9. d���� h���	4 ,��-�./ �)���)� � ��� 
3�� ��3�#� 0�� �)� �� E'�@ jP/  

�����  SHV IS50(MPa) UCS(MPa)  BTS(MPa)  
Elastic modulus 

(MPa) 
Er ��� 0��  

1  39 70 /2  09 /52  20 /7  13852  92/625  DM 

2  37  55 /2  42 /50  29 /7  14005  77/277  DM 

3  39  10 /2  05 /50  25 /7  16846  26/333  DM  

4  40  88 /1  22 /50  87 /5  15338  76/277  DM  

5  35  32 /2  35 /51  18 /7  13964  93/271  DM 

6  39  95 /1  24 /54  60 /5  10968  21/202  DM 

7  36  94 /1  28 /53  45 /5  12789  03/240  DM 

8  38  59 /2  55 /56  60 /5  8567  50/151  CL 

9  36  03 /2  02 /54  73 /5  11003  68/203  DM 

10  34  82 /1  20 /55  92 /5  9945  16/180  CL 

11  39 70 /2  09 /52  20 /7  13852  92/265  DM 

12 37  55 /2  42 /50  29 /7  14005  77/277  DM 

13 36  94 /1  28 /53  45 /5  12789  03/240  DM 

14 38  59 /2  55 /56  60 /5  8567  50/151  CL 

15 36  03 /2  02 /54  73 /5  11003  68/203  DM 


|K��\ 40  70 /2  55 /56  29 /7 16846  92/625  - 

c.��\ 34  82 /1  05 /50  45 /5  8567  50/151  - 

�	���	
  37  43 /2  06 /52  638 /6  7/12727  48/244  DM 

  

=�3R 10.  d���� h���	4 ,��-�./ �)���)� � ��� 
3�� ��3�#� 0�� �)� �� E'�@ M�?�5  

�����  IS50(MPa)  UCS(MPa)  BTS(MPa) 
Elastic modulus 

(MPa) 
Er ��� 0�� 

1  85/1  31/39  19/3  7019  55/178  DL  

2  36/1  24/34  04/4  6900  4/201  DM  

3  97/1  82/36  28/3  9205  5/249  DM  

4  34/1  39/38  17/4  9554  86/248  DM 

5  38/1  85/37  74/2  8719  35/230  DM  

6  45/1  72/36  10/4  9005  23/245  DM  

7  40/1  44/35  28/3  7205  30/203  DM  

8  51/1  44/38  25/4  9454  94/245  DM  

9  18/1  25/37  94/2  8900  92/238  DM  

10  77/1  53/33  01/3  6229  77/185  DL  

11  45/1  72/36  10/4  9005  23/245  DM  

12  40/1  44/35  28/3  7205  30/203  DM  

13  51/1  44/38  25/4  9454  94/245  DM  

14  18/1  25/37  94/2  8900  92/238  DM  

15  18/1  25/37  94/2  8900  92/238  DM  


|K��\ 97/1  31/39  25/4  9454  86/248  -  

c.��\ 18/1  53/33  94/2  6229  55/178  - 

�	���	
  59/1  79/36  48/3  8219  40/223  DM 
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t �?��A� �3�  F  �?��A� �3�  

1  J�*   ��
 <��  UCS = 754.6Vp – 3376.0  0.93 2.25  20.11 

2  ]�V��   ��
 <��  UCS = 170.92Vp – 756.41 0.91 2.24 38.18 

3  J�*   ��
 <��  UCS = 163.09 γd – 352.8  0.86 3.05 38.11 

4  J�*   ��
 <��  UCS = 1.1505 SHV + 10.52  0.87 2.43 24.46 

5  J�*   ��
 <��  UCS = 6.8521 Is50 + 38.214  0.86 2.15 69.01 

6  ]�V��   ��
 <��  UCS = 5.9894 Is50 + 28.116  0.76  4.04 50.7 

7  J�*   ��
 <��  BTS = 0.4376 SHV – 9.9037 0.86 5.44 45.64 

8  J�*   ��
 <��  BTS = 53.567 γd – 127.27  0.71 2.19 25.76 

9  J�*   ��
 <�� UCS = 2.5287BTS + 37.384  0.78  3.05 36.89 

10  ]�V��   ��
 <�� UCS = 2.4734 BTS + 28.214  0.76  6.42  24.58 
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R² = 0.8655
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R² = 0.7183
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Abstract 
Sandstone outcrops of the Qom formation extend to a large part of northern Hamedan. This rocks are 

used as construction materials in Hamedan city. In this research, in order to identify the 

characteristics and engineering behavior of the sandstones, 15 rock blocks from Latgah (northern 

Hamedan) were selected. Lithological characteristics, physical and mechanical properties of these 

sandstones are determined. The samples were tested under the Schmidt hammer hardness test, 

durability, point load strength index, uniaxial compressive strength, Brazilian tensile strength and 
longitudinal wave velocity. The results of this study showed that the differences in the lithological and 

physical properties of sandstones have led to change in their mechanical properties. The relationship 

between physical and mechanical properties of sandstone has determined by regression analysis. 

Based on the obtained results, the mentioned rocks are suitable for use as Malone stone and building 

stone. The highest correlation between the uniaxial compressive strength (UCS) test with longitudinal 

wave velocity in dry and saturated state, were obtained that the determination coefficient (R
2
) are 0.93 

and 0.91, respectively.  
 

Keywords: Qom formation, Physical and Mechanical properties, Sandstone, Borrow material, 

Hamedan. 
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