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 �"�C� 2   ,
 �	 '( �,�! /���0� �2�&v�( /DC� �

  �m�����U=  �  <����	)  /!�$  �f�2004  .(  ���%&  ���(

'��E� �$����  XK� 7�� ��+='�&  .+  ��  Q- �7��

.& �,�! /���0�) ������� H��I�JK ���%&  ��,�4�

�
�L���  8��9�  '](�,  ,��W ��  (���2��(  �	 /���0�  

) 5��^ ./�� �� 3�
�L��� �$����  j�+�L� (  ,
 �� 

�� G2�E� �, G+�1- �2� .�+
  
 

 B�0P2 &��'�() .����� �/0��1� ]�8�> � �1������ ��1���1� ��1�"�� 3�� �� 3�	 �6+ 4�5  

  �80.+  ���0Z�  VX80: �^�80:  ��,����  _����8� ���.� `8�Z�8 

)3Dry (gr/cm-γ 74 56/0 11 /2 67/2 48/2 01 /0 099/0 

)3sat (gr/cm-γ 74 39 /0 29 /2 68/2 55/2 005/0 068/0 

n (%) 74 30 /18 58 /0 88 /18 44/6 48 /14 80 /3 

W.O (%) 74 75 /8 22 /0 97 /8 65/2 84 /2 68/1 

(%) 1Id 43 22 /3 57 /96 79 /99 99 52 /0 72 /0 

(%) 2Id 43 63/5 00 /94 63/99 17/98 92 /1 38 /1 

UCS-dry (Mpa) 22 40 /102 00 /21 40 /123 38/56 84 /853 22 /29 

UCS-sat (Mpa) 42 21 /96 37 /19 58 /115 4/48 71 /515 70 /22 

ES-dry (GPa) 20 21 /72 71 /10 92 /82 53/34 61/380 50 /19 

ES-sat (GPa) 42 48/62 01 /10 49 /72 61/26 44 /271 47 /16 

υ-dry 20 18 /0 13 /0 31 /0 19/0 003/0 05 /0 

υ -sat 42 37 /0 07 /0 37 /0 19/0 003/0 05 /0 

BTS-dry (MPa) 22 06/10 19 /1 25 /11 43/5 49 /11 39 /3 

BTS-sat (MPa) 32 38 /10 19 /1 57 /11 90/4 72 /7 77 /2 

Vp-dry (m/s) 26 3930 2228 6158 73/4120 20 /1167516 51 /1080 

Vp-sat (m/s) 41 4135 1736 5871 31/3937 32 /1135246  47 /1065 

Vs-dry (m/s) 26 2143 1053 3196 46/2119 13 /326903 75 /571 

Vs-sat (m/s) 41 36/3135 1864 3154 69/1948 70 /366980 78/605 

B1-dry 19 38 /29 73/6 11 /36 50/11 45 /45 74/6 

B1-sat 31 81 /31 72 /2 53 /34 64/12 42 /43 58/6 

B2-dry 19 20 /0 74 /0 95 /0 81/0 003/0 05 /0 

B2-sat 31 48 /0 46/0 94 /0 81/0 01 /0 102/0 

B3-dry 19 94/657 91 /18 85/676 26/206 94 /43417 36/208 

B3-sat 31 02 /512 34 /17 36/529 10/142 95 /17126 87 /130 

BI-dry 22 23 /1 24 /5 47/6 82/5 129/0 35 /0 

BI-sat 42 23 /1 19 /5 42/6 74/5 079/0 28 /0 
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  V1�4  B���� ��Z�� � ��8�8�� a8�/��!�� .��8��"b� �1�"�� &��'�() ��=�8 �� ��O: ��.a   4<) ���!�8�b  K�-�8 ���!�8� .c  .

 Vc6c+.d  W5 WHP 0'��e 4<)  ��8�# .f K�-�8  ��8�# .g 4<) �1�+���8 3��� B�0� .h K�-�8 �1�+���8 3��� B�0� .i  7d�� .
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'](�,.& �,�! /���0� � _9�9& ��( �  S2��  ,
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  .K S2��  ,
 � �  �(�2�,� �2�E� R�� �� R�D � � .K
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  V1�8  .�,�!-�� R�8��   a 4+ ��<� 7���J� .  Vc6c+ �� 4<) ���Z�b 4+ ��<� 7���J� .  Vc6c+ �� K�-�8 ���Z�c  3��� B�0� .

c6c+ �� 4<)V d Vc6c+ �� K�-�8 3��� B�0� .  
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1 Std. Error of the estimate 
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 4<) ��<� e��f 4+ ��<� 7���J� . K�-�8 ��<� e�� 7d�� �� K�-�8 ���Z� 
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 B�0P5.  �/f�� ��� ���*+ R�8�� Vc6c+ �� �1�+���8 ��  

�=��.� 
  ��80����8 �\)

 ���c+ 

R square 
)2(R 

ANOVA   ��	5 j���� 

F Sig. 

UCS-�� = 85.672e�"."2(3 305/0 61/0 72 /28 00 /0 

UCS456 = 59e�"."$#3 156 /0 52 /0 84 /22 00 /0 

E-�� = 51 − 9.955 Log(n) 265 /13 28 /0 17 /5 04 /0 

E456 = 38.84 − 10.025 Log(n) 285/5 52 /0 30 /21 00 /0 

 

 B�0P6 �/f�� ��� V��J�� R�8�� . (K�-�8 � 4<)) R�8�� �� �1�+���8 � �1���1� ��1�"�� ��  

 �=��.� 
  ��80����8 �\)

 ���c+ 

R square 
)2(R 

ANOVA   ��	5 j���� 

F Sig. 

E-�� = 3.76 BTS-�� + 15.68 61/8 72 /0 74 /27 000/0 

UCS-�� = 0.86 E-�� + 27.161 94 /14 49 /0 85 /10 007/0 

UCS?56 = 1.02 E?56 + 19.3 82 /11 67/0 89 /81 000/0 

VA�?56 =  4627.21e�"."B� 3 08 /0 65/0 07 /36 000/0 

VA�456 = 3583.53 Log VA���� − 25988.27 78 /412 82 /0 65/91 000/0 

UCS456 = 0.01 VA�?56 + 7.13 52/6 68/0 05 /56 000/0 

 

k�-+�8  �/0��1�  ]�8�>  ��� ��<�  e��  7d��  �� 

 )Vp(  

)  �,�!  Z��  /���  ��(Vp  �$����  XK�  �  (BI  

'](�,  ���%&  B2�V  �(  �]K  �0.78)  =2R  S2��  ,
  (

  5��^)  /��  ,��?�(  R�D �7    _�  �10  ,
  ���xE+  .(

)  5��^7)  _�  �  (11��(  '](�,  ( Vp  ��+����,�-  �(

  �$���� B1    �B3    ./�� ��  �
�
 <�� R�D � S2��  ,


<�E+��  '	  ,�;  B2�V  �2���(  '	  
�	  ��+��  <��&

  B2�V '( s�(�� �"�CDE+B3  ) �(67=2R 'U
�%� R�� �� � (

'(  ./��  �]K  '(  ����  7��  /���0�  G2�@!�  ���	,�;

  � �$����  B2��V � Z�� /��� ��( ��&v�( �"�CDE+

�� �$����  XK� m�����U=) 
�   �2010 .(  
  

%�#)  �/0��1�  2)��  ����BI 	8  ���O��8  ��  (

 ���/0�L �\)  ����/� 

��E� ��pq& ��A�� ��W �2 �
 �+�$  '�C(�� ��A�� ��, ��

G�- /�^ '��$��W <����$, �� /�%V� �2� ,
 .��,�
-

�� �
�L��� '�C(�� ��A�� ���(  '��$��W <����$, ,
 .
� 

  �+��A��  <
�(  �]K  ��!  @��  �2�  ,
  �[U  ./��  ,��?�(

'D��4�  ,
  ����,�-  ��W  ��pq&  ��,�(  /�^  G+�1-  

)  �$����  XK� BI')�,�  �  ('](�,  �P�?
  ��  �(  �  �&

  �(  '��$��W  �]K  <����$,  ��  ��&v�(  �"�CDE+  B2�V

 
1 Eigenvalue 

  �,�
��%� w]�95  '](�, ,�f�� �2�( .�  �
�L��� �I,
-

�    ��(BI    �(UCS  �BTS    �Vp    R�D �  S2��  ,
  
,��

  ��(  �"�CDE+  
�^�  ���(�  ,
  ./!�$  ,��?  �(�2�,�BI   �(

)  5��^  '(  '^�&  �(  .�  ��,�(  �+����,�-  �2��8  ���(  �(

UCS  �BTS    �Vp  ) ��D� �� ��� �Sig<α 
�^� � /�� (

  5��^ Y��� �(  ./�� �,��V 'U
�%� ,
 ,��0� ,��W �+

)8  ,��0� <
�( v�( '( '^�& �( (β  �satUCS   G�(�pq& �2�& �

  
,�=�( ,
 �,BI  ) 5��^ Y��� �( .
,�
 5�� ,
9  5�� (

 )  �
�(  ,�
��%�  �
����-Sig<0.05    �F=206  B2�V �  (

)  �2v�(  �"�CDE+=0.962R�� <��  �,  (  ���xE+ .�+


�� <�� 5��^ �2�)  �+����,�-  ��E&  ���( '	  �+
VIF: 

Variance Inflation Factorj	 (  �� �&10    ���,
 � /��

  ��  5�� ��  ��2q&  �f�  �2�  ���E&  ���(  ���xE+  .
� 

�12� ,��0� �+����,�-1  j	 ,��C(  �� �&30    5��^) /��10.(  

����E�?�(  _��4&T�,  ��  ��2  �+ ,�f��  '(  
�(,�	�-  ��+

T�,  �(�2�,�  H�%U�]�  ,
  ������  '	  /��  ��E9&  ��+

��  ,��?  �
�L���  
,��  8��9�  �  ,�-  ���U)  
��$

  �<�,��E+2018��D^  F  �<�,��E+  �  ,�-2018  �E�:,  F

  �<��E �+ � ��� 2021  ���,
 ��,�( /�^ '��
� ,
 .(

')�,�  '](�,����E�?�(  _��4&  '(  �� ��  '�K�
�-  �+  .
� 

����E�?�(  ���$��C�+  ,�
�E�  <
�(  5����  }�D2�0&  �+

 ����E�?�(��  <��  �,  �+  _� )  �+
12  /�^  �����  ,
  .(
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<
�(  5����  ��,�(   ����E�?�(  �2
�0�<���=  ��  �+  

  z��$�U�E	-    5��^) �  �
�L��� ����E��11��! .(  ��+

)1  �2'( <���= �2� (/�� _2{ H,�I:    
  

1  /�� 5���� i2��& ��,�
 '%��^.  H0: 

2 RH0 H1: 

) 5��^ P(�]�11 :<���= �
 �+ ���( ( 

3  Sig= 0.138, α= 0.05 →    Sig>α 
  

 �LI ��! �2��(��(�� ��2q&�?�( i2��& � 
� ����� �+

 ./�� 5����  

'2�- �(_��4& �'](�, '�!�$ H,�I ��+  ��( �BI    �(UCS  �

BTS    �Vp  ) '](�, ,
 R�D � S2��  ,
5�
�
 <�� (  �� 

 ./��  
BI =  0.011 UCS?56 + 3.411 ∗ 10�� VA�?56  −

 0.01 BTS?56  + 5.132   )5             (  
  �<=  ,
  '	BI  )  �$����  XK� kN/mm  �(satUCS 

.& �,�! /���0�) BC:�( R�D � �,�4�MPa �(satBTS 

) BC:�( R�D �  ���2��( �	 /���0�MPa  �  (sat‒pV 

) BC:�( R�D � �,�! Z�� /���m/s ./�� ( 

  

  
 V1�10 ��� �\�8� ��Z�� .Vp  ��BI  K�-�8 R�8�� ��  

  

 B�0P7 �� �/0��1� 2)�� � ]�8�> ��� k�-+�8 .Vp 

 �=��.� 
  ��80����8 �\)

 ���c+ 
)2R square (R 

ANOVA   ��	5 j���� 

F Sig. 

BI?56  = 1.7 ∗ 10�$ VA�?56 + 5.078 07 /0 78 /0 09 /92 000/0 

B1?56  = 53.32 − 0.0176 VA�?56 + 1.79 ∗ 10�# VA�?56
�
 77 /2 46/0 75 /7 004/0 

B3?56  = 0.0634 VA�?56 − 138.806 30 /42 67/0 79 /48 000/0 

  

 B�0P8�=��.� ]�8�> . Beta statistic: �test ‒, T Tolerance and VIF  B0� 8�� 

 B0� 
 �0<� ��80����8 ]�8�>  �0� ��80����8 ]�8�> 

T-test Sig. 
 ����5 l� �� �\) 

B Std. Error Beta Tolerance VIF 

1 

 /(�p ,��0� 13 /5 04 /0  70 /103 00 /0   

satUCS 011/0 001/0 95 /0 42 /20 00 /0 70 /0 41 /1 

SatBTS 01 /0- 005/0 10 /0- 03 /2- 04 /0 62/0 61/1 

p.SatV 41 /3 E 5 -  00 /0 11 /0 25 /2 03 /0 55 /0 79 /1 

  

 B�0P9 ��,�!-�� ]��> :B0� �'?) .Durbine ‒Watson statistic  j���� �ANOVA 

 B0� R R Square  �0� V�0.+ R Square  �0� ��80����8 ]�8�> Durbin-Watson 
ANOVA   j���� 

F Sig. 

1 98 /0 96/0 955/0 056/0 001/2 206 00 /0  
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V1� 11.  ��� �\�8� ��Z��B1  �B3   ��Vp K�-�8 R�8�� ��

 
 V1�12�0����X��  ��� B���� a8�/��!�� . ��  

  

 B�0P10 B0� R�8�� 2)�� � �f�� ����J� . 

 B0�  ��.�8  �f�� �80J�  7�.>� 2)�� 
 _����8� 7-!� 

 /(�p ,��0� SatUCS satBTS sat-pV 

1 1 76/3 1 00 /0 01 /0 01 /0 00 /0 

2 13 /0 38 /5 07 /0 03 /0 76/0 01 /0 

3 08 /0 55/6 10 /0 90 /0 03 /0 02 /0 

4 01 /0 15 82 /0 07 /0 20 /0 97 /0 

 :'�C(�� ��A��BI 

 B�0P11   ��	5 j���� .Kolmogorov-Smirnov 

'��E� .2 �� 

 ����E�?�( ��  
,������� ��+ 

N 30 

5���� ��+����,�- 
 ��"���� 07 /0 

 ,��%� z��4�� 85 /0 

Most Extreme 

Differences 

P�]� 14 /0 

 /Do� 10 /0 

 �L�� 140/0 - 

Test Statistic 140/0 

Asymp. Sig. (2-tailed) 138/0 
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  B�0P12.  �/f�� ��� ���*+ R�8�� �!��J��� ��<�# &�.=�\� �� �.=�\� ��8 �� Vc6c+ �� �1�+���8   

 ����b��  �=��.� )2R square (R  S���� 

UCS-�� & n 

���E�� = FG. HIJK�L.LMIN 61/0  �>�: �.=�\� 

UCS-�� = 1.4e�".�#$3 93 /0 ) ����U� � �U�$,�2009 ( 

UCS-�� = −0.134n� − 2.52n + 67.5 89 /0  � ,�- ���U) <�,��E+2018 ( 

UCS456  & n 

������ = GMK�L.LOHN 52/0  �>�: �.=�\� 

UCS456 = 79e�".���3 65/0 ) <�,��E+ � ,�- ���U2018 ( 

UCS ��� = 204.8 ∗ n(��.���) 84 /0 ) ����U� � �U�$,�2009 ( 

E-�� & n 

PE�� = GQ − M. MGG RST(N) 28/0  �>�: �.=�\� 

E-�� = 33 e(�".�#3) 59 /0 ) <�,��E+ � ,�- ���U2018 ( 

E-�� = 57.30 e(�".$##3) 80 /0 ) <�,��E+ � ��U2017 ( 

E456 & n 
P��� = UF. FO − QL. LJG RST(N) 52/0  �>�: �.=�\� 
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Abstract 

Determination of brittleness  and geomechanical parameters, especially uniaxial compressive strength 

(UCS) and Young's modulus (ES), is required for designing and various applications of rock 

engineering. Evaluation of these parameters is a time-consuming, tedious and costly process requiring 

the preparation of suitable rock cores, therefore, experimental correlations are being used to predict the 

properties of rocks. In this study, to predict brittleness and determining the experimental correlation 

between physical and mechanical parameters of Talezang limestone formation, 74 rock core samples 

obtaining from 10 geotechnical boreholes with a depth of 70 m in the basement of Hawasan dam in dry 

and saturated conditions were used. After analyzing the descriptive statistics of the samples in SPSS 25 

software, simple regression correlation relationships were approached based on the best fit between 

physical and mechanical parameters and according to multiple regression model, an experimental 

equation with coefficient of determination (R2 = 96) was applied to predict brittleness index of Talezang 

limestone. Finally, the obtained experimental equation based on the values of uniaxial compressive 

strength (UCS), Brazilian tensile strength (BTS) and compressive wave velocity (Vp) and statistical 

relationships between physical and mechanical parameters for determining the brittleness index (BI) in 

saturated conditions was compared with previous relationships in the literature. The results show that 
the accuracy of the statistical relationships presented is consistent with previous relationships.  
 

Keywords: Brittleness, Geomechanical parameters, Statistical relationships, Talezang formation, 

Havasan Dam. 
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