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���=� -��� i�0H�B� ��8�����./ 1'�9� t	�� 

	� 4�� �  :�5* �%��� � :� K��(� �%����� �.5� 

Q�� -�  �t	�� I��2� :� 4�(-D��A �A�  �� "��=� 


%(�D�HA :�  ��$)%� Q�(�%��� � -��� 
��0* ��D�� 

i����; E�$�; 
%� 4�� �  @%��	A -�.��$�; :� Q�( 

������.�* I�J�� ��  ���$)%�)1965(. E 
��F (� 

3� :����4�� (CL) x/ 	� :C��=� 3P�P* :� Q�( 

:'�e (� -	�� � 7�T ����; :� 3�H� i��>* ���� 
%� 

(��9� �� 3P�P* ��/�)���)�� I��2� :� @%��	A XRD�  ��

 
��.��XRD  "��APD 2000 6;�� 6T��Ital 

Structures  ���H�.%� (��;-�( 
%� :���� �%��� � 

SP�� �� :; -��& -(��9� ���; ��( 	� |�� 6��%� 

�� ����� :; X<�� @%�D8� �	� �A (� 6H�& |�C�� 
�� 

6�� .i�VP�� 4�� -�  �(�� :0H�B� 3��� �; 

-(�V.T� �  �4�� ��	�� 
��	 ����� �4�� I�� �4�� 

:9C'-��� I�5��� 1962 � 6�02�� �%��8��W< 3=� 

:����-(���� (�  "��<2 �� :K&j� ���� .E 
��F 

-��� :0H�B� m��T �)%D�8 � �)���)� 
%� 4�� �  

��� t -�  ���� ��X�� :� 
��(�; "�9.�� � x/ 	� 


DW� �-��� :���� -�  :���.��  -� �� ��0�� ��(����.�� 	� �A�  

:�5* ��. @%��	A -�  
��0* m��T �)%D�8 � �)���)� 

3��� �:.�$��� �3P�P* oG< 1%�� �oA 6���9�  -(��8 

7*�-(�=� 6���9� ���; ���%	�� ST�� (�� :B9� -� 

� Q	(� :��R -� :������ p��B� �� -� �(����.�� ��<�� 

�� -�( 
%� 4�� �   �� I�J��) 3)�2 (� n�.%�5� N���( 

���J* ���� m��T �)���)� �(�� ��(�� (��2 .68��  
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 K�382. Z�[N'� ����� �����,�\8 Z�[�N� � *�� 
�� ���� �67�.�  

�����,�\8 (�6=��    

�)0]  :�#�,� 
3��1962  

  

*�� :��  

  

 3�	��  

  

 ����� 3�*�� 
"�'  ~��  

"5 '4 ◦47  "35 '16 ◦34  3�4��  x���� 7 A(��  E � :�(�� ��	�� 	(�  SL 

"52 '41 ◦46 "9 '49 ◦33 ��.$;� 6$�;�%��-��.$)/  7 A  -(���A ��	��  L1  

"26 '41 ◦46 "13 '49 ◦33 
�� �.���H�� ��.$)/ 6$�;�%��  
�� �.���H�� 7 A  -(���A ��	��  DL  

"19 '40 ◦46 "58 '46 ◦33 ��.$H��  6���H��  -(���A ��	��  D  

"14 '27 ◦46 "32 '39 ◦33 3�4��  y( 7 A(��  
���/ ��	��  CL  

"3 '27 ◦46 "29 '39 ◦33 ��.$)/ 6$�;�%��  7 A  
���/ ��	��  L2 

  

  
 WG�2. ����� 
�� ���� � ��,���, 
, WG� ���� �67�.�^ M�& �!�J�� :SLM�& � :L1,L2� M�& �����7�� :DL� (���7�� :D� M�& 

_��,� :CL 

  

4 - +���	& `���� W�J?" � �� 
���& 
��  

:���J� @ �M/ 
%� (� ��M%� 	� -�  � �)%D�8 -� 

 6���9� �oA oG< �3P�P* ��H��F 3��� �)���)�

7* -(��8 (�� ST�� � ��%	�� ���; 6���9� �-(�=�

:B9� -�  �(����.�� y��� ��1
ISRM 2007 �%��� 
��0*
 

��� �:������ 6���9� 
��0* -  (� ��� ��T ����� (� � 

:��R Q	(� @%��	A 	� :��R �q�  Q�( :� :������ -�

 �(����.�� -��5���/2
BS 812:112 �%��� 
��>.�� 


 �6��E  ��(�� �%����� m��T 6T��� -��� 
��F

 @%��	A �t	�� 1'�9�XRD �$�; � � �� I�J�� -�.�

3��=* 
��� -(��A -�  � �� � I�  (�D8�Minitab  
�� I�J��

.6��  

                                                
1 International Society for Rock Mechanics 
2 British Standards 

 

4 -1 - *�� �G�a�� Z��b�[Q �"����� 
��  

4�� �)%D�8 m��T 6T��� �%��.�� 	� �   :�&�� 
%�*

4�� :0H�B�  �%�� �� n�C%�9* m��T 
%� ��%	 �6�� 

@P� :9C' 3�C2 	� ��%� -�   � {��P.�� �-(�>& �-���


	�� -(��%�/ ����0� d��.;� 
	�H ����� -�  ��� ���


��* 6���9� Q�( � ���� -�   :� �%��<� -�  nj��; �=�

 ����+�8�) ��(�� L�C*(� -�����F1391.(  m��T 
%�

:���� -�( �� :C*�� u�/ 4�� :���� �  -���  -� 

:���.�� �A 	� 3)� -�
	���� ��  u%�.� 
������ � �� -���

 "��< ��� :�3 �� .����  
  

4-2 -  c�!J� Z�����  ,a��(CaCO3)  

 3)� �� p��B�3  (� ��<�� E�$�; i����; (��9�

4�� �$�; ���	A �� @ �M/ �(�� -�  Q�( :� -�.�

 �  	� ���	A 
%� I�J�� -��� ��%��� SP�� ������.�*
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(��� 7H� 	� -(�C� 4�� (��/ �8�; (��9� :� :����

200  (�� :� 4�� :���� �  -��� ���	A 
%� .�� :�5*


������ :; �� I�J��  "��< ��� :� �A u%�.�4 

�� E  .���� ��.���� :���� (� 6�� �;z :� I	Y 
��F

(SL) "��� -��& :���� ��F �� �*�F -�   �& �* ����

 :�5* �$������e @P� 	� 4�� (��/ :; �� �0� ��)��

 -�(�� �C%�9* (�' :� 4�� 
%� �.�� :���� ��%	 ����

�� i�F �b(� 6$�� �* 
� .����  
  

 K�383*�� �G�a�� Z��b�[Q ��/���� . �67�.� ���� �"����� 
��  
 

( )IV % 

 

( )n % ( )gr
3sat cm

γ  ( )gr
3dry cm

γ 4�� :���� �;  

0.07 

0.335 

0.759 

0.441 

1.15 

0.433 

0.3 

2.7 

3.02 

1.45 

7.35 

3.48 

2.65 

2.63 

2.61 

2.76 

2.56 

2.63 

2.64 

2.60 

2.58 

2.74 

2.48 

2.59 

SL 

L1  
DL  
D  

CL  
L2 

  

 K�384. *�� ����� c�!J� Z�����  ,a�� ��  

c�!J� Z����� 3b��  

*�� ����� 3�  ��/�!�, 

������  

@%��	A 
(���  

3  2  1  
 

67.2  

95.2  

86.2  

76.7  

81.5  

84.3  

 

63.2  

96.5  

86  

78.5  

83  

83.5  

 

70.7  

95.2  

87.5  

72.5  

80.5  

84  

 

67.6  

94  

85  

79  

81  

85.5  

 

SL 

L1 

DL 

D 

CL 

L2 

 

S1 

S2 

S3 

S4 

S5 

S6 
 

 

  

 WG�3�!J� +���	& :�@�, W>,�� . ����� M7, 	, 
��0d *�� ���E (e7, ^
���200 )075/0 �J�� c�!J� Z����� +��,� (f �(���

 K���� M� M��3��J� 3��, �� *�� ���E �� ��8��(HCl 1N) g�6�  ��a�, � ���K � K�J?� �� ���  �a�, (h �K�J?� �� ��7���

�	,3�, *�� ����� �� 
,�� �3� :�@�,  ��	& �,36" (Z ���,�i�, �� W��� �"��b �� K�J?� *�� ���\" 	, UE ���[� 3��,  ,a�� 
��Y  
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4 -3 - *�� ����� �G���G� Z��b�[Q ��  


	���� ��M%� -��� 4�� �)���)� -�  :%�/ �   -��� -�

� ��(�� 3��=* � :%DJ* �A -�( �� ����5� -�  � 

�� ��M%� .���� 4�� �)���)� -�   �>�.P� 3���� :� � 

 -� (�.;�8 	� �)% -,�H�.�H "�c� ����� :� �6�� :.$���


��	 E5� 4�� �)���)� m��T -�( :; 6�� �����  � 

� ��qf* :�(�� �%�D�  �-����T)1394.(  
��0* (�K�� :�

@%��	A m��T 
%� � 7* -(��8 6���9� --(�=�1 

(UCS) �:B9� (�� 6���9� -�2 (PLT)  ���; 6���9� �

��%	��3 (BTS) -�( 4��  .68�� I�J�� :0H�B� �(�� -� 

@%��	A 
%� :; 6�� �;z :� I	Y  4�� ��* �  -��� � 

 -�( �� � |�C�� � 7�T 6H�& �� (�10 :���.�� :����  -�

 �(����.�� �� p��B�ISRM 2007 �J�� 
������ � �� I

 "��< ��� :� m��T 
%� u%�.�5 �� .���� E  
��F


	���� -��� :��R 6���9� -��� :������ -�  � (AIV)  	�

:��R Q	(� @%��	A  �(����.�� �� p��B� �:������ -�BS 

812:112  (��9� ��� 
��>.��AIV  	� -�b(� i(�b :�

 
(��� 7H� 	� -(�C� UH�V� 6C$�8 )36/2 ����.� :� (�

�� O%�0* :������ :�H�� �	�  (�� :� ���	A 
%� .���

:������ -�(  u%�.� :; �� I�J�� 4�� :���� �  -� 

�	A 
%� 	� �)%a�� <  (� � a "��6 �a�� 
� ��  .���

E 3)� (� 
��F  4  
%� (� :.8( (�)� i�D�5J* 	� �T��

 3)� (� � @ �M/5 :������  UH�V� � :0H�B� �(�� -� 

� ��T @%��	A 	� �0� 
�AIV �� :K&j� .����  
  

 WG�4 .��/��� �.)� ��� K��d, ��/��� (f ��J�	�� �''� (���)� ���6" ��/��� (e7, ^+��jE ��, �� �3� ���-��, �G���G� 
��  �
,

���1 2	�, ���6" ��/��� (h M" 
��'� (���)� ��/��� (Z ���,3/�� 
,
��?�  
  

 K�385 .��/���� Z��b�[Q ����� �G���G� *�� ��1  

PLT [IS50(MPa)]  BTS (MPa)  UCS (MPa)  @%��	A �  ���0* � |�� 

 

                  4�� :���� �; � 
��.$%� 

|�C�� 7�T |�C�� 7�T |�C�� 7�T 

10  10  10  10  10 10  

 

5.89  

4.23  

3.75  

4.9  

3.1  

4 

 

6.31  

4.71  

4.32  

5.24  

4.1  

4.23  

 

9.56  

6.43  

5.91  

8.81  

5.35  

6.72  

 

11.15  

8.67  

8.06  

9.64  

7.72  

8.46  

 

91.33  

86.39  

75.4  

88.46  

58.9  

65.87  

 

116.32  

105.28  

96.81  

111.75  

86.5  

88.84  

 

SL 

L1 
DL 

D 

CL 

L2 

 

S1 

S2 
S3 

S4 

S5 

S6 

                                                
1 Uniaxial Compressive Strength            2  Point Load Test             3 Brazilian Tensile Strength 
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 WG�5. ����� ���1 2	�, +���	& 
�� ��,3/�� (e7, ^
, 7, 	, 
��0d �3� ��Q k7�[� (f +���	& :�@�, 	, W0= �� ����� M8  	, UE

+���	&  

 K�386. ���1 2	�, +���	& `���� *�� ����� 
,�� 
, ��  

AIV  (%)   ����� M7, 	, 
��0d  	�8 (gr)   	�  ��7�,(gr) *�� ����� 3�  ��/�!�, 

8.41 

8.82 

10.60 

8.86 

12.88 

10.77  

44.6 

46.1 

56.9 

44.8 

67.1 

57.1  

530 

522.8 

536.7 

505.6 

520.9 

530  

SL 

L1 

DL 

D 

CL 

L2 

S1 

S2 

S3 

S4 

S5 

S6 

   

4 -4 - ��,� 
���& W�J?" � ����� ��  

3��=* � X���� -(��A :0��< 
.��� (�K�� :�  -� 

 :� :J�.� @%��	A �  	� �4�� :���� �  -��� -(��A

 �)���)� m��T ���� N���( ��(�� -��� �A 	� �(��

6���9� 3��� 7* -(��8 -�  ���%	�� ���; �-(�=�

:B9� (�� �:��R Q	(� � -  ��� :.8�� �K� (� :������ -�

 "��< (�7 
��� � 
� ��� ��(�� �(�� -� a�  .����

E ST�� 
��F 
��� 
�� :C��=� -(��A -�   ��� :� � 

 "��<8 ���(��� ���	A 	� 
��>.�� �� :���� (� .6�� - 


��� 4��H(��  "���� 1%	�* ��(�� -��� 
�� {��P.�� -� 

I�� N��*  (�D8�Minitab 
�� ��(�� ���  �D���.��)1974( .

 ���� "���� ~�8 :; 6�� ����	A �~�8 ���	A 
%�


��� �� ��(�� �( �  ���(��� ���	A .��;-  4��H(��

p�2� -�2 � 
%�* "���� 	� ��� 
#�B� -��� Q�( 
%�*


��� ���� �� �   ���J* �0�J* 1%	�* 1��* ��F �����

�J* 1%	�* 1��* �� �( i�� ����� :$%�9� "���� �0  .��;

���(��� ���	A- 1%	�* 1��* :��; Q	��� -��� 4��H(��  � 

�� (�; :� p�2� � ��( ~�8 ���	A 
%�*  Q	��� -���


��� �� �  ����  ����; � -����)1394(I�� (� .  (�D8�

Minitab ���(��� ���	A 	� 
��>.�� ��- �� 4��H(��  ���*

�� -��� �( X���� -(��A 1%	�*
�  ���/ :0H�B� �(�� -� 

��0� UB� ��� .��; -(��(P-value)  	� 
��A 6�� :�

��0� UB� �� ����� �A (��9� :; ���C� -(��05/0  6��

@��
��� ����� �*  
%� ��e (� � ��(�� "���� 1%	�* � 


��� 1%	�* i(�b  3)� �� p��B� .��� � ��P� "���� � 6 


��� ����* -��� 7* -(��8 6���9� 3��� �  �-(�=�

:B9� (�� ST�� ���%	�� ���; 6���9�  Q	(� � -�

:��R ��0� UB� �:������ -� 	� 
��A 6�� :� -(��

��0� UB� ��C� -(��@�� "���� ~�8 
%������ .6�� �*


��� ����  a8 �� �a �����'� :�b�95 %� ��%f*a�  .���

E  �H��F ��=�� 1%	�* 
�=� � 3)� -�( 	� 
��F

���	A � �C$� ������8 �� ����� "���� -�   :� ���*

��M%�  3)� �� p��B� .68�% 6�� -(��A :0��< -� 6  ��

I�� 	� 
��>.�� (�D8�Minitab $�  ��=�� � ������8 I����.


��� �C$� ������8 �H��F  �(�9* .6�� 
�� E���* � 

 �%��9� � ������8 I����.$� P-value  ���	A (�

���(���- ���� 4��H(�� ����* (� "���� 1%	�* 
�� �


��� �� �   "��< (� �����9  -(��A -� D�H��A :bjT

���(��� ���	A- .6�� 
��A 4��H(��  
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K�38 7. ��,� 
���& 
��a�7��& 
,�� ���-��, ���� 
��  


��.$%� 
 :���� �;

4�� 

UCS(MPa) BTS(MPa) IS50(MPa) AVI dry 
(%) 7�T |�C�� 7�T |�C�� 7�T |�C�� 

 

S1 

S1 

S1 

S2 

S2 

S2 

S3 

S3 

S3 

S4 
S4 

S4 

S5 
S5 

S5 

S6 
S6 

S6 

 

SL 

SL 

SL 

L1 

L1 

L1 

DL 

DL 

DL 

D 
D 

D 

CL 
CL 

CL 

L2 
L2 

L2 

 

130.45 

120.32 

118.4 

109.03 

106.41 

103.69 

102.89 

98.62 

95.21 

130.67 
119.42 

117.5 

93.13 
90.14 

87.25 

105.63 
94.13 

85.12 

 

96.48 

93.13 

89.12 

92.75 

89.13 

84.99 

87.71 

84.13 

79.14 

98.72 
95.26 

90.41 

73.06 
68.42 

59.12 

82 
74.25 

66.42 

 

13.97 

11.97 

11.62 

10.23 

9.34 

8.9 

10.3 

8.6 

7.3 

12 
11.76 

10.99 

8.63 
7.76 

6.14 

11.16 
8.42 

6.43 

 

10.67 

9.35 

9.22 

7.65 

7.23 

6.98 

6.32 

5.97 

5.34 

9.42 
8.87 

8.67 

6.2 
5.78 

4.54 

8.68 
6.43 

5.97 

 

7.9 

6.85 

5.9 

6.38 

4.93 

4.54 

5.53 

4.42 

4.21 

8.12 
6.9 

6.14 

4.89 
3.34 

2.73 

5.29 
4.21 

3.9 

 

7.1 

5.94 

5.62 

5.86 

4.91 

4.56 

5.23 

3.87 

3.43 

7.12 
6.21 

5.94 

3.98 
2.93 

2.65 

5.56 
4.32 

3.13 

 

7.90 

8.23 

8.41 

8.36 

8.74 

8.82 

9.81 

10.24 

10.60 

8.12 
8.35 

8.86 

11.94 
12.65 

12.88 

10.12 
10.43 

10.77 

 

 WG�6. ��,� 
,�� K���� T�	�" ��?�� � ��,�,�� :,�Y��!�� M" 
��'� (���)� (& ^
�� (���)� (h �M'Q (7�> �� 
��?�

M" 
��'�M" 
��'� (���)� (f �M'Q (7�> �� �J�	�� �''� (���)� (l �m�0�, (7�> �� 
��?� �M'Q (7�> �� 
��?�

M" 
��'� (���)� (Z�m�0�, (7�> �� 
��?� M'Q (7�> �� �J�	�� �''� (���)� (n  

9  



��������	 ���� 
�� �
������ ����� ����13����� � 25 �  ��!��" � ��#�98  

 

 

  
 ��,�, WG�6. (���)� (o �''� �J�	�� �� �.)� ��� RQ�� (p �m�0�, (7�> > �� 
,�.)� ��� RQ�� (q �M'Q (7�  (7�> �� 
,

���1 2	�, (	 �m�0�,  ���3�,  ��	& �,���� � �M'Q (7�> �� ��,3/�� 
,-��,� �� K���� T�	�" 
,�� *��7�,� (���)� (r ^
�� 

�''� �J�	�� �� �.)� ��� RQ�� (� �m�0�, (7�> �.)� ��� RQ�� (� �M'Q (7�> �� 
, 1 2	�, (_ �m�0�, (7�> �� 
,���  
,

M'Q (7�> �� ��,3/��  
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 K�388. RQ�� ����� Z�'���	& `���� 
���& 
��  

 i��j'�

-(��A  

Is50 (MPa) BTS (MPa) UCS (MPa) AIV 
(%) 

 

|�C�� 
 

7�T 
 

|�C�� 
 

7�T 
 

 |�C�� 7�T 

  

���0*  

:�����  

:���;  

i���W* :����  


������  

��  

:����  

x��%(��  

(��0� d��=�� 

i����W* X%�R  

 

18 
 

7.12 
 

2.56 
 

4.56 
 

4.90 
 

5.94 
 

5.07 
 

1.90 
 

1.38 
 

0.281 

  

18 
 

8.12 
  

2.73 
  

5.39 
 

5.34 
 

4.21 
 

5.11 
 

2.26 
 

1.50 
 

0.281  

  

18 
 

10.67 
 

4.54 
 

6.13 
 

7.40 
 

5.97 
 

7.10 
 

2.96 
 

1.72 
 

0.232  

  

18 
 

13.97 
  

6.14 
  

7.83 
 

9.75 
 

- 
 

9.78 
 

4.63 
 

2.15 
 

0.221  

  

18 
 

98.72 
  

59.12 
 

39.6 
  

83.57 
 

- 
 

86.35 
 

128.08 
 

11.32 
 

0.135  

  

18 
 

130.67 
  

85.12 
  

45.55 
  

106.00 
 

- 
 

104.66 
 

201.09 
 

14.18 
 

0.134 

 

18 
 

12.88 
 

7.90 
 

4.98 
  

9.73 
 

- 
 

9.33 
 

2.49 
 

1.58 
 

0.162  

 

 K�389.  ���3�,  ��	& 
���& 
��a�7��& �b;Q- *��7�,�  

�G���G� 
�����,��E  +���	& P�,��  �?�� m��
���& T�	�" �  �,3)� P-value 
  

UCS  
 

UCS  
  

BTS  
  

BTS  
  

  

IS50  
  

  

IS50  
  

  

AIV 

  

7�T  

|�C��  

7�T  

|�C��  

7�T  

|�C��  

7�T  

  

6�� "����  

6�� "����  

6�� "����  

6�� "����  

6�� "����  

6�� "����  

6�� "����  

  

517/0  

293/0  

749/0  

253/0  

903/0  

612/0  

054/0  

 

 

5- s?�  


���A :; �%�J�A 	� ��� -	��:� ���	A -��� �   -� 

�A I�J�� � 3)�� � ���%��	A :�%D  � 62� ���	��� � 

 :� �)���)� m��T ���� N���( :�  �GH �6�� �����8

 7*) 
��� ������( p%�' 	� 
���%��	A (� 
��A 6��

:.8�� (��2 3��=* � :%DJ* �(�� (
��W.�  (�K�� 
%� :� ����

�����* iY��0� ��BT :H��0� �� 
�j�  ��.%(��H � �%���

 
%�.5� X$& �� u%�.� � 68�� (��2 ��(�� �(�� D��

 3)� (� Q	���7  "��< �10 .6�� 
�� :+�(�  

E �������( :H��0� �  �%�(�; ���%	(� -��� 
��F 

 
��0* X%�R(R
2
) �ST�� ��)��� (VAF)  :B��()8 �(

 i�0��� 
������ (G< -�BT(RMSE)  :B��()9 � (

�B� (�2 
������ �BT p(MAE)  :B��()10 :C��=� (

@�/ -��� ����� �M/ 	� -(��$� :; 6�� 
�� ����

"�� �%�(�; �A 	� � 
��; 
��>.�� �   :���� -��� :; ���

��  ���(�)�  � "���8) :� ���*2001 ���e�� :�;��) �(

2002 ���(�)�  � -��=�) � (1394� 
(��� (.���  
 

 

 

imeas ipred

imeas

VAR(A A )
VAF 1 100

VAR(A )

− 
= − × 
 

 

 

( )
2N

imeas ipredi 1

1
RMSE A A

N =
= −∑  

 

N

imeas ipredi 1

1
MAE A A

N =
= −∑  

  

 }�8 N���( (�Aimeas �i  � 
�� :C��=� �D< 
��Aipred �i 

@�/ �D< 
�� ������( :H��0� 	� 
�� ����   �N  ���0*


��� �� �   (��9� :F�  .����VAF v(D� � �*RMSE  �

MAE 7F�;@�/ :H��0� ����� �* A�� 
���; ���� �(�

�� :+�(� -�.5�  ��� 
%������ .� �R
2   �VAF  X�*�* :�

 � 7% �� �����100  �RMSE  �MAE  ����� �>b �����

.��; � ��T :+�(� �( �(�A�� 
%�.5� �
��A 6�� :� :H��0� 

 

 

 

 

 

)8(  

)9(  

)10(  
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 K�3810. �Yj��  ��� ���\�� M" P�,�� *�� �G���G� 
�� �67�.� ���� �).�� �"����� 
�� 

����\��  R2 VAF(%)  RMSE  MAE  
��#�'�E P�,��  
 

UCS-IS50 (dry) 

UCS-IS50 (sat)  

BTS-IS50 (dry)  

BTS-IS50 (sat)  

UCS-BTS (dry)  

UCS-BTS (sat)  

BTS-AIV (dry)  

IS50-AIV (dry) 

UCS-AIV (dry) 

 

0.897 

0.840 

0.861 

0.866 

0.892 

0.670 

0.653 

0.716 

0.856  

 

89.73 

83.98  

86.14  

87.35  

89.16  

66.96  

65.29  

71.57 

85.64  

 

4.417 

4.402 

0.778 

0.611 

4.537 

6.321 

1.231 

0.778 

5.222  

 

3.429 

3.647 

0.600  

0.490  

3.427  

5.685  

1.043  

0.617 

4.110  

 

UCS=58.2+8.9IS50 

UCS=46.7+7.5IS50 

BTS=2.6+1.33IS50  

BTS=1.72+1.16IS50 

UCS=45.3+6.22BTS 

UCS=43.7+5.39BTS 

BTS=20.47˗1.1AIV 

IS50=13.18˗0.8AIV 

UCS=390.8˗49.52AIV+2.032(AIV)2
  

 

 

 

 WG�7. M" 
��'� (���)� ��� �.�,��.)� ��� RQ�� (& ^ �� M'Q (7�> �� 
��?�  �J�	�� �''� (���)� (l �M'Q (7�> �� 
,

�.)� ��� RQ�� (f �M'Q (7�> �� �, (7�> �� �J�	�� �''� (���)� (n �m�0�, (7�> �� 
, �J�	�� �''� (���)� �.�,� � �m�0

�.)� ��� RQ�� (h ^ �� M'Q (7�> �� �.)� ��� RQ�� � �J�	�� �''� (���)� �.�,� (Z �M'Q (7�> �� 
,  m�0�, (7�> �� 
, 
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 ��,�,WG� 7. ���1 2	�, (o ��)� ��� �.�,� � �M'Q (7�> �� ��,3/�� 
,M" 
��'� (� �m�0�, (7�> �� 
��?����1 2	�, (r  �� ��,3/�� 
,

�.)� ��� RQ�� �.�,� (p �M'Q (7�> ���1 2	�, � 
, 'Q (7�> �� ��,3/�� 
,M 

 


%� :� :<�* �� 7* ������( :; :J�.� 7% 
��W.�

�� :+�(� �C%�9*  	� 
��P* Q�( @ �M/ 
%� (� �GH �� �

 
%� .68�� (��2 ��(�� �(�� D�� 
��W.� ��F D�H��A p%�'

 � ��W.� �%�0* �� � 39.$� ��W.� �� 	� 
��>.�� �� D�H��A

E  ��� I�J��:H��0� �%�(�; ���%	(� -��� 
��F �   �%��9�

R
2 �VAF �RMSE  �MAE :C��=� 
�%���  "��< (� �

11 .6�� 
�� :+�(� 
��A 6�� :� N���(  

7* ������( 	� 
��A 6�� :� N���( :� :<�* �� 
��W.�

�� :B9� (�� ST�� @%��	A :; 6>� ���* ��� -�  ����*

@�/ 65< �C���� (��0� ��;��* 6���9� p�2� ����

7*4�� -(�=� � �(�� -�  "�c� (�' :� ����� :0H�B

:B9� (�� ST�� ���� :B��( (� ���  ��;��* 6���9� � -�

7*:B9� (�� ST�� (��9� �7�T 6H�& (� -(�=�  -�1 

7* ��;��* 6���9� ��D�� ���� "�)��/��� -(�=�67 

�� "�)��/��� ��� �K� :� �9B�� :; ���  6�� :; ��(

�� �( ��� 
%�  (� ���$� �� ��<� :� ���* 	� �T��

:���� E  .6$��� @%��	A �(�� -�  (� :H�$� 
%� 
��F

���� � �%� :B��( :��< 	� 
�99=� �%�� :B��( )1996( 

 :B��() ���� � �%� :B��( (� ��� :����F 6�� ��5�� D��

11:B9� (�� ST�� (��9� (  -�1  (��9� ���� "�)��/���

7* ��;��* 6���9� -(�=����& 50  "�)��/���

�� ��.�  
UCS= 20.71IS50+29.6  

  

E  :� �J�� 
��W.� ��F ������( 	� 
��>.�� 
��F

7* ��;��* 6���9� 	� -�.5� 
��P*�� -(�=�  � ���

��  m��T �*���9� ���%	(� -��� N���( 
%� 	� ���*

4�� �)���)� -�  .��; 
��>.�� :9B�� :*����;  

  

 K�3811. �Yj��  ��� ���\�� �� P�,�� G���G� 
��*�� � �67�.� ���� �).�� �"����� 
��  

39.$� ��W.�  R2(adj) VAF(%)  RMSE  MAE  -��5���/ N���(  

BTS(dry)-IS50(dry) 92.78  92.78  3.702  3.118  UCS(dry)=50.02+3.1BTS(dry)+4.83IS50(dry) 

BTS(dry)-AIV(dry) 
  

95.42  95.41  2.952  2.212  
UCS(dry)=227.9+3.789BTS(dry)˗28.31AIV(dry)+  

1.201(AIV(dry))
2

  

BTS(dry)-AIV(dry)  88.80  88.80  0.488  0.373  IS50(dry)=3.11˗0.263AIV(dry)+0.492BTS(dry)  

)11(  
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6 - �@��� 
��Y   

- @%��	A u%�.� :� :<�* ��  ��)%D�8 i��b�VT -� 

O�0R ��M%� 
%�* ��� :� L���� �)%D�8 -� 3� :�4�� 

(CL) ��  � oA oG< �3P�P* �%��9� ����� :.�$���

 �� ����� X�*�* :� :���� 
%� -��� 7�T35/7  ��b(�

15/1  � �b(�48/2 �.��� �� I��� �.�a�� X0)a .6

E  
��  :� L���� D�� �)���)� m��T 
%�.�; 
��F

�� :����:��� :� ���� 6���9� :; -� -(��8 7*�-(�=� 

6���9� ���; ��%	�� � ST�� (�� :B9� -� 
	����-��� 


�� ���- 
%� �:���� :� X�*�*  �� �����5/86 �72/7 �1/4 

 6��%� ��( ���; ��<� ��� 
%� 6�� :; 6�� "�)��/���

�� :���� 
%� (� .����  

- 3� :���� 4��(SL)� (� �)���)� m��T 
%�*Y�� ���� 

�%�� :���� �  �( �6��(�� :� :��� -� :; 6���9� -(��8 

7*�-(�=� 6���9� ���; ��%	�� � ST�� (�� :B9� -� 


	����-��� 
�� -��� 
%� �:���� :� X�*�* �� ����� 

32/116� 15/11 � 31/6  6�� "�)��/����A 3��� :;  �(

�� 7 �� ��<� :� ���*  � �.%��)�� D%( 68�� ��*�F -� 

.��� 6C$� 4�� 
%� 
�%�/ 3P�P*  

- �$�; @%��	A u%�.� :� :<�* �� ��D�� 
%�*Y�� -�.�

E�$�; i����;  
������ ��2/95  :� L���� �b(�

��.$;� 6$�;�%��-��.$)/  -(���A ��	����  :; ����

4�� (� ��� �.�(�; -Y�� 3�$��./ 
�� � ���� 7 A

:���� �%�� :� 6C$� -(���A  �-��Ca2) 6�� 1388(. 

E  
%�.�; 
��F3� :���� :� L���� 7 A ��D��4�� 

(SL)  
������ ��2/67  6�� :; 6�� �b(� I�� �A

 :*����; @P� 	� �*�F @P� 3��; 7�)>* ��)��

�� .����  

-  ��D��AIV :���� ����* -���  	� �.�; � 15  �b(�

�� �� �.��(�/ 
%� :� :<�* �� .����  6�>�; :; 6>� ���*

4�� 
%�  .6�� X���� � o�T ���� UH�V� ����� :� � 

4�� 
%� 	� 
��>.�� �(�� (� ��� � UH�V� ����� :� �  �%�

 ��.���� :���� ����� :<�* �(�� ��F :�(SL)  -�(��

 
.� (� :������ ����� :� 4�� 
%� 	� �%�C� � 6�� i�F

 	� 3C2 :; �%����� @�;�� :� :<�* �� ��%	 ����� 
��>.��

 }�>*� i�F � 
.� 
H�)HA N�=� 
�� 
.� ��� 6P�

�� 6���$& � :.8�% @ �; i�� :� 
.� 6���9� ��.8�

�� (� �A�� @%�D8� ��	 �% 3��9� (� ��� ��T ��� ���% 

 �-��C2)1390.(  

-  (��9� :� :<�* ��(P-value) @�� 1%	�* 
%�.�; � 
%�*

���(��� ���	A (� "���� -  :� 
��A 6�� :� 4��H(��

 �%��9� �� X�*�*054/0  �903/0 
��� :� L����  -� 

:B9� (�� ST�� :��R Q	(� � 7�T 6H�& (� -�  -�

������� 7�T 6H�& (� :� .����  

- 7* ������( (� (��9� :� 
��0* X%�R 
%�*Y�� 
��W.�

897/07* -(��8 6���9� 
�� :B��( :� L���� � -(�=�

:B9� (�� ST�� ��  X%�R 
%�.�; � 7�T 6H�& (� -�

 (��9� :� 
��0*653/0 6���9� 
�� :B��( :� L���� �

:��R Q	(� �� ��%	�� ���; (� :������ -�  7�T 6H�&

.6��  

-  (��$� 
��P* :� �J�� 
��W.���F ������( 	� 
��>.��

7* -(��8 6���9� 	� -�.5��� -(�=�  
%� (� ����

 �%��9� �� 
�� Q	��� 
��W.� ��F :H��0� 
%�.5� 6H�&

R
2
(adj) �(
�� 3%�0* 
��0* X%�R)VAF   �RMSE �

MAE  X�*�* :�42/95 �42/95 �959/2 �212/2  L����

( :�7* -(��8 6���9� :B�� ���; 6���9� �� -(�=�

:��R Q	(� � ��%	��  7�T 6H�& (� :������ -�

�� .����  

  

T����   
) Q ����; �.I �-����1394 ( -(��A 3��=* � 6�>�; "�.�;

�� Minitab �I�� ��F ����; i�(��.�� �600 .m  

�-����T ) ( .�1394i�(��.�� �4�� 7���)� "�b� (  
������

�������F �����  ����  �I��486 .m  

@%�(�) | �
��	1389
��	 ( ��C; ���� i�(��.�� ����%� �����

 �I(�5F ��F ����5*434 .m  

���58 ) � �Q��� � �.� ��81380@%��	A (  4�� 7���)� -� 

���	A) "�� ��< � �(����.�� � -�K� ���C�  -� 

 7���)� � ��8 
���%��	A ���5� 6;�� �(� ���%��	A

T �"�� ��F ���C; ���� 
������ �t�740 .m  

) � .I �-��C21388
��	 ( i�(��.�� �6�(�; ����5� �����

����� 
������ �I�� ��F �����  ����304 .m  

) � .I �-��C21390
��	 ���C� ( �����5� �����  i�(��.��

����� 
�����������  ����  �I�� ��F408 .m  

-�5� �.� .y �-��=�� �-���A) o �-���� �.1394 ��(�� (

��M%� 6%(Y�%��( �)���)� � �)%D�8 -�   �*�F -� 


��	 
�J�� :�J� �
������; �5� o��<  ����5� �����

 
(��� ����%�3  �4 m �16-1.  

) � ���%(��0�1395
��	 (  i�(��.�� �
����5� -��� �����

 �E�� ��F ����5* 
������768 .m  
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Abstract 
Determination of geotechnical parameters required for design of rock mass structures are one of the 

major issues in the engineering geology, civil and mining. Uniaxial compressive strength and tensile 

strength are among of these parameters which are widely used in the design of structures in rock mass. 

Among them, the point load index test not only has less cost and difficulty than uniaxial compressive 

strength and tensile strength tests; but also can be carried out at the site of the project and on samples 

with irregular geometry; therefore, it can be used as a criterion for the initial engineering judgment 

regarding tensile and compressive strength of rocks. In the research, the relationship between these 

parameters is analyzed with statistical analysis and the best experimental relations are presented. 

Moreover, due to the vast spatial occurrences of carbonate rocks in the country and their application in 

various development projects, the relationship between uniaxial compressive strengths, tensile strength 

and point load strength with aggregate impact value is also studied, which is one of the indicators for 

assessing the quality of materials stone. In the bivariate equations, the highest coefficient of 

determination is 0.897, that related to the relationship between the uniaxial compressive strength and 

the point load index in dry condition and the lowest coefficient of determination is 0.653, that relates 

to the relationship between the Brazilian tensile strength and the aggregate impact value in dry 

condition, also the use of multivariate regression leads to a much better estimate of uniaxial 

compressive strength. 
 

Keywords: Uniaxial compressive strength, Brazilian tensile strength, point load index, Aggregate 

impact value, Carbonate rock 
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