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 B�&O1. ����� ��*�%���# -�2:�X� Y���� �2:�X� ���� �� 

 +�� Z��  O  Mu  Am  Bt  Afs  Pl  Qz &�  +��  

 ,#�	�%M���  1/6      2/8  6/23  7/28  4/33  Gr1 

 ,#�	�%M���  37 /2   6/5    7/25  2/32  13 /34 Gr2  

 ,#�	�%M���  1/5      28 /7  4/17  1/32  12 /38  Gr3  

 ,#�	�%M���  4/3        3/24  2/32  1/40  Gr4  

 ,#�	�%M��� ,#2�#4  5/6      81 /9  13 /24  2/30  36/29  Gr5  

 ,#�	�%M���  3/2  2/3    1/4  9/23  6/28  35  Gr6  

 ,#�	�%M���  64/6    6/3    4/28  16/31  2/30  Gr7  

 ,#�	�%��#�  8/6    2/3  3/4  2/41  1/24  4/20  Gr8  

 ,'��'
��	�%  4/4      2/2  1/14  2/46  1/33  Grd1  

 ,'��'
��	�%  1/5    62/3    1/16  4/35  78 /39  Grd2  

 ,'��'
��	�% ,#2�#4  14 /4      63/11  23 /16  4/32  6/35  Grd3  

 ,'��'
��	�%  6/2      2/4  4/15  5/36  3/41  Grd4  

 ,#�	
  5/2      1/6  92 /17  2/50  28 /23  D1  

 ,#�	
  03 /3      43 /3  9/19  5/42  14 /31  D2  

 ,#�	
  3/3        4/16  1/39  2/41  D3  

 ,#�	
  38 /4      12 /7  2/15  2/39  1/34  D4  

 ,#�	
  69/7        84 /22  81 /43  66/25  D5  

 ,#�	
  3    5/3    2/17  1/48  2/28  D6  

 ,#�	
  73/6        41 /21  56/41  3/30  D7  

               Qz  "V�*��- Pl    	<���L<#-  Afs   -�[�&7� �:�':*-  Bt  D�V���– Am   B�\�?�1-  Mu  D���'!� -  O  �8�� �� ����  
  

 B�&O2 .����� �� �� �'�"�� -��.�/) P���	1 Y���� �2:�X� ���� ��  

 +�� &�    ]9) �:�4K

)3gr/cm (  

 J�\�* �:�4K

)3gr/cm (  

 % R_7_V    `HO &.��

 ̀ 1  

Gr1  70 /2  70 /2  28 /0  10 /0  

Gr2  62/2  63/2  58 /0  22 /0  

Gr3  59 /2  60/2  14 /1  44 /0  

Gr4  60/2  61/2  55 /1  60/0  

Gr5  58 /2  60/2  94 /1  75 /0  

Gr6  64/2  64/2  56/0  21 /0  

Gr7  53 /2  54 /2  58 /1  62/0  

Gr8  44 /2  52 /2  96/7  27 /3  

Grd1  58 /2  59 /2  48 /1  57 /0  

Grd2  60/2  61/2  43 /0  17 /0  

Grd3  61/2  62/2  44 /0  17 /0  

Grd4  61/2  62/2  90 /0  34 /0  

D1  55 /2  58 /2  33 /3  31 /1  

D2  61/2  63/2  61/1  62/0  

D3  57 /2 58 /2  83 /0  32 /0  

D4  61/2  61/2  52 /0  20 /0  

D5  65/2  67/2  60/1  60/0  

D6  58 /2  58 /2  40 /0  15 /0  

D7  59 /2  60/2  57 /0  22 /0  
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R'� 2. ����� �V�.*�� b*��* D8�� ���2V ��  

  

B�&O 3. +�� b�� D8�� P���	1 	* R.�c Y���� (D��*� � D�������*�% �D��*�%) ��  

 +�� &�  Vp dry (km/s) Vp sat (km/s)  Vs dry (km/s)  

Gr1  41/6  84/6  29/3  

Gr2  47/5  76 /5  75/2  

Gr3  64 /5  97/5  88/2  

Gr4  15/5  72/5  81/2  

Gr5  57/4  22/5  88/2  

Gr6  11/6  16 /6  93/2  

Gr7  97/4  10/5  00/3  

Gr8  33/3  69 /3  94/1  

Grd1  41/5  55/5  76 /2  

Grd2  57/5  66 /5  14/3  

Grd3  81/5  97/5  10/3  

Grd4  43/5  55/5  02/3  

D1  97/4  36 /5  63 /2  

D2  02/5  09/5  93/2  

D3  57/5  59/5  11/3  

D4  61 /5  74/5  07/3  

D5  21/5  44/5  59/2  

D6  62 /5  67 /5  05/3  

D7  55/5  64 /5  03/3  
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  �9	��B62019.( +=Q� �4 ,��Q� >'�$; ���	 �	�4  �	

5    [�	�4  HI�	  �  L�1 ,J*  �
  -��  �6  $	  +��B�

   �=Z +4 h�n  ,I3� 4  ���R� ��	O%�43/0    21   
���

  5��) ,��% �	�Z >'�$;3  S  ���; ,��4 �'
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,��Q� >'�$; $	 ���; ,��4 T'!� .�� +!��% "#��#�  

+=Q� �4  �=Z �	�4 �	50  ��#�  .��/ +4 � �� �#R02 �!�

(50)Is ) h��P �
4��� +j	�	 (��	.     

 

  
               R'�3.  (e:*]V ��9� D���I� P���	1 ��@� � (` �7�	�� �99� D���I� P���	1 � (b �XI� ��� D���I� P���	1 *  

 
B�&O 4. +�� �'���'� -��.�/) P���	1 	* R.�c Y���� (D��*� � D�������*�% �D��*�%) ��  

 +�� &�  Ucs dry 

(MPa) 

Ucs sat 

(MPa)  
BTS dry 

(MPa) 

BTS sat 

(MPa)  
dry  50Is

(MPa)  
sat  50Is

(MPa)  
Gr1  67/76  63/65  07 /8  08 /7  40 /5  35 /4  

Gr2  55 /123  38 /116  82/6  79/6  05 /5  54 /4  

Gr3  84 /83  56/75  64/7  04 /7  32 /4  08 /3  

Gr4  76/118  07 /96  61/7  34 /4  77 /4  50 /4  

Gr5  86/75  15/67  78 /7  71 /7  42 /4  68/5  

Gr6  79 /113  56/98  66/6  59/6  95 /2  68/2  

Gr7  79 /104  66/92  79 /8  70 /8  42 /5  39 /5  

Gr8  54 /32  52 /19  51 /3  62/2  57 /1  81 /0  

Grd1  59 /102  76/93  37 /10  46/9  80 /5  78 /5  

Grd2  43 /154  61/145  48 /9  42 /9  19 /7  67/5  

Grd3  31 /110  76/109  97 /8  91 /7  39 /4  04/6  

Grd4  08 /105  87 /98  99 /9  50 /7  26/6  45 /4  

D1  23 /45  09 /33  47 /5  33 /5  24 /4  61/2  

D2  62/113  49 /101  02 /7  00 /7  98 /5  24 /4  

D3  19 /205  72 /188  25 /8  19 /8  79 /4  76/4  

D4  30 /111  56/84  51 /10  38 /7  73 /5  75 /4  

D5  05/64  10 /54  98 /3  07 /3  45 /2  05 /2  

D6  89 /93  08 /82  17 /11  40 /8  98 /5  93 /5  

D7  21 /177  31 /171  29 /8  62/6  26/5  23 /5 
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 B�&O5.  e7�_� ��II@� g��V �&� �h*�* g�*��  +�� �%&��'�  *"�� ���2V *�� ��  

 
��

��

=1B ) [	
 � ��61974 (  1 

 �� � ��

�� � ��

= 2B ) [	
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	?� ��
Z)1397 (  5 

 

B�&O 6. +�� ]9) D:�c �� �%&��'� i�*�; ���2V Y���� (D��*� � D�������*�% �D��*�%) ��  

 +�� &�  S20 (%) B1  B2  B3  B4  B5  

Gr1  34 /22  50 /9  81 /0  44 /309  32 /102  05 /12  

Gr2  32 /21  11 /18  90 /0  42 /421  80 /127  22 /19  

Gr3  45 /15  98 /10  83 /0  14 /320  85 /104  30 /13  

Gr4  22 /18  62/15  88 /0  13 /452  44 /134  65/17  

Gr5  91 /28  75 /9  81 /0  00 /295  86/98  16/12  

Gr6  88 /14  09 /17  89 /0  89 /387  38 /118  19 /18  

Gr7  22 /15  93 /11  85 /0  40 /460  21 /136  88 /14  

Gr8  52 /46  26/9  81 /0  18 /57  34 /30  03 /9  

Grd1  72 /8  89 /9  82 /0  04 /532  15 /151  50 /13  

Grd2  04 /9  30 /16  88 /0  64/731  12 /190  62/19  

Grd3  35 /15  30 /12  85 /0  49 /494  40 /143  36/15  

Grd4  88 /8  52 /10  83 /0  70 /524  65/149  02 /14  

D1  45 /15  27 /8  78 /0  70 /123  87 /52  51 /9  

D2  00 /9  19 /16  88 /0  74 /398  81 /122  71 /17  

D3  60/10  87 /24  92 /0  58 /846  18 /211  39 /26  

D4  56/12  59 /10  83 /0  11 /585  87 /161  32 /14  

D5  46/23  10 /16  88 /0  37 /127  00 /54  69/14  

D6  83 /11  40 /8  79 /0  58 /524  63/149  12 /12  

D7  06/9  38 /21  91 /0  53 /734  66/190  39 /23  
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B�&O 7. +�� J�\�* D:�c �� �%&��'� i�*�; ���2V Y����  (D��*� � D�������*�% �D��*�%) ��  

 +�� &�  S20 (%) B1  B2  B3  B4  B5  

Gr1  38 /23  27 /9  81 /0  47 /232  28 /83  33 /11  

Gr2  19 /22  13 /17  89 /0  32 /395  05 /122  35 /18  

Gr3  27 /15  73 /10  83 /0  10 /266  79 /91  72 /12  

Gr4  43 /23  15 /22  91 /0  31 /208  95 /76  54 /19  

Gr5  25 /30  71 /8  79 /0  02 /259  02 /90  07 /11  

Gr6  33 /21  24 /14  87 /0  00 /341  73 /109  90 /15  

Gr7  01 /15  65/10  83 /0  07 /403  74 /123  54 /13  

Gr8  09 /51  45 /7  76/0  57 /25  01 /17  89/6  

Grd1  63/11  91 /9  82 /0  54 /443  60/132  13 /13  

Grd2  14 /10  46/15  88 /0  80/685  47 /181  76/18  

Grd3  24 /15  88 /13  87 /0  92 /433  52 /130  26/16  

Grd4  61/9  18 /13  86/0  75 /370  54 /116  33 /15  

D1  65/16  21/6  72 /0  11 /88  42 /41  48 /7  

D2  69/11  31 /12  85 /0  39 /418  14 /127  96/14  

D3  81 /10  30 /21  91 /0  95 /835  27 /209  83 /23  

D4  62/13  46/11  84 /0  10 /312  95 /102  62/13  

D5  28 /31  63/17  89 /0  99 /82  67/39  54 /14  

D6  55 /12  77 /9  81 /0  77 /344  60/110  49 /12  

D7  05 /12  90 /25  93 /0  62/566  17 /158  39 /25  
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58.66 0.373 Alf + + 0.632 Pl –0.816 Qz - =  (dry)S(20)  

%80.6   = 2R     
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S20(dry)= 88.92 Pd + 15.759W – 222.425                                                 
R2=%73.8                                 (7)  
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+ 43.326 (dry)3.830 Pt –(dry) .077 Ucs-=  (dry)S20  
63.6 %=  2R    
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Abstract 

Brittleness is one of the most important mechanical properties of rock which has a widespread 
application in underground constructs drilling like tunnel drilling. Although many method have been 
introduced for estimating brittleness, no standard has been mentioned for measuring brittleness. In this 
research, experiments for determining   brittleness of S20 along  with petrographic (main mineral 
percentage), physical (dry density, saturation density, porosity and water absorption percentage), 
mechanical (uniaxial compressive strength, Brazilian tensile strength , point load test) and dynamic 
properties (pressure and shear wave velocity) in the two states of dry and saturated were performed on 
19 test samples of igneous rocks (granite, granodiorite and dacite) selected from Sangan iron ore mine 
in khaf. Statistical analysis of the results shows that brittleness of samples increases with increasing 
alkali feldspar and quartz and also reducing plagioclase. Also existence of micro particles and carbonate 
veins decreases strength and increases the brittleness of rock and facilitate excavatability of samples 
which is more prominent in saturated state. There is an inverse relationship between S20 brittleness and 
the brittleness indices, and as the value of S20   brittleness increases, the value of brittleness indices 
decrease. The relationship between S20 brittleness and brittleness indices B3 and B4 has the highest 
coefficient of determination. As a result, it can be said that the brittleness measured in the laboratory 
can be more realistic in expressing the brittleness of rocks. 
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