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 +-�B<��207/2 �"
 �!B�� (�� V	�� . [��& �-2 

 M�� +�� �� 3���� EKN E�&�� ^�"� ��C��


3�� (�� �l��� �!�N 3��GB�-�� . 'E�
�/ V	�� VC�� ��

 3�� (�� �"��- �C� ���  3�� �� � -B�� �B\ �� EKN

)ISRM, 1978.(  

  

3- 3 - 6  .(�����+��4 WB
 3��� +��;  

 �C"#� �
& �1h
 J<�- �- A��B���"1�� W�B
� ��� 3���

�;��� � �"�#��- ��-��- ��/ �K�"�G� +� . �������

(����� �
 �"
��  ��� +��;�;��� ���S! 3�& ���B! +�

-�� �L �� �C�� �1h
 3�q�L � �K�"�G� .E�
�/ ��� 

K
� ���X! ���� �� A�"�G� +��"
��  �-��/ 3�- �� �

���O� � � ��B�� ��<�- �"<�  � �#�2
 �- �"�L +�

E�
�/ �
 )���4 A�!"�� +� -��/ . W�B
� �BI� 3���

�
� �� �&B! � +��4 ��� ��04 � WB
 �8; +�

A��"K1��O�  �)��B�� [B\ (���
 3�-  ��/)����4  � �4

7���1380 .(M�� �- +��4 W�B
� 3��� ^�"� 

[��& �- A�< 31R �- �!�N 3��GB�-��2  (�� �l���

3��.  

 B�# 2. �;��� ^�"�(��
�L �!�N +� 3��GB�-�� �K��K
 +�. 

C���(D  +�)� ��#>!  +��)�  +����
  '�E����  ���>� F�	6��  

 +��4 3
�2
(MPa) 20  92/91  04/383  69/244  15/76  

 �"�#�"�G� [��
(GPa) 20  06/10  07/57  36/30  98/10  

 ���L 3
�2
(MPa) 20  38/5  62/33  73/19  39/7  

 +��4 WB
 3���(m/s) 20  3342  3922  3659  174  

3���� EKN ���&�� �"U�  20  41  55  48  4  

 
1. G6
 

�"��GB�-����G +���- (��
�L M�� ��� �!�N +� +�

��"#� �L�� .M�� ��� �4��;��"  ?S1>
 �- �K��N �

 O!��BL '�B��O�� 3�#�L +-�� ���2
 +���- '�� bU�


�
 3�!�� ���& �� +O�4 +���#L� � �B��O������ . ���

3��GB�-�� ��
� �>� _���� �- � -�B
 ��� ���e! 3,! �

 �- E�
�/ VC�� �- �K��N '(-B� (���K� �"4� +���-

 +�	q�� 31R �� M�� ��B�� ��;� �� 'W�� 3
�2
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�
 ��K� .E�! ��-B�� �- - ��B�� ��� E��L ���;� 34� �

�
 (���
 3
�2
--�; ) JK�3.( M�� �;��� ��� +�

 3��GB�-��3�1S4 ��� �- �L (�� gI� '�2>�
 �K��B"K! +�

u�! � 3#K� �N-��-�; �;-�B< .u�! ��� �;-�B<

 +�R �� �� (��� �/ �� O�� u�� Y\2
 ��Bh! �- �K��N

�� �L '3���
 �"U���B�� ��B! E�
�/ 3�& )1� +�

A! +��4 -�L ���! +�B,
 .u�! +O�4 +���#L�  M�� +�

(-�L �  �� ��G ?���B
 �� ���r�� � � 34� ��B� +���

(-�L -	�� +-�C�#��� ���) JK�4.(  �- +-�C�#��� ���

uB�� �>��
 E���& -	�� (-��B� �,>� +� � ���L

u�! � (����E�
�/ �
�! � 3
�2
 ���& �� �K��K
 +�

A! +��4 �
 ���d ���e! 3,! �� +�B,
��B; �� '���- �L +�

(�"#; �- +��4 3
�2
 ��� Y��� +�140  !350 

3�� ��X"
 [K� C
.  

   

  

 @��4. ��"<��� ��G 3�& �- �L +���)�24� (u�!O�� O�� � (-�L -	�� +-�C�#��� �- +O�4 ���#L� � (�� �  +�

(OX
A! +��4 E�
�/ +�� �� �L �  +�B,
�
 �������8;.  

 

u�! ���e! 3,! M�� �C"#K� '������ E�
�/ �- � �

�
 +��B
 u�! ��N ?�B0 �� +-�C�#�����K�) JK�5.( 

 +�	q�� � (���K� � -�! 31R 'E�
�/ ��� �- 3#K�

-��- .��B�� ���L 3
�2
 '3�� �Lv �� V�G  M�� +�

E�
�/ -�B
 3�� +��4 3
�2
 )�- A� �� �"�L.  

 

 @��5. u�!�!�N 3��GB�-�� M�� +�� �� ������ E�
�/ �\ (�� -	�� +��B
 +�.  
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�- �
�-� � (-q"�� �� F��;B�1BL �B
�/- 'FB������ 

(-�- +� W��U"�� (�� +��� �- Y��B! � [
��  [
�� cB1

 �� �����(Kolmogorov, 1933; Smirnov, 1939). �B
�/ 

F��;B�1BL- FB������ 7�� +�"
�� � (-�+� +��� 

���S! ��BC�� ?�Z\� ���	! � Y��B!+� +�
/ gU"�
 

3�� .V�� �-  ��O4�Minitab � (-q"�� �� F��;B�1BL �B
�/- 

FB������ ��
��B�! �B!Y�� g��
 +��
/ �� +��� (-�-+� 

-�B
 �S1>
 ���  -�L .(-�- +��� �"U� ')	R �R�� ��� +�

 3
�2
 '+��4 WB
 ��� 3��� '3���� EKN ���&��

�>� '+��4 3
�2
 � ������ ���L ��S
+��- ��3�- 

(�
/ �� �>� ��S
+��-  �I
)05/0( �"��� ������� '3�� 

z�4 [
�� �-B� �- ��04 ����\� 95 %���e! �
-B� ) JK�

6.( ���2
 ���r�� P-Value �I�,
 (�� _�B! V�� ��O4� 

Minitab +��� (-�- [��
 � T/ T8& 'JU�U! +�

'�"�#�"�G� �";�O� �� 05/0 ���
/ 3�- � �81 �
��B! 3q;   

(-�-� �� Y��B! [
�� cB1 ��-�B<�� �
 ����) JK�7(.   

 [
�� Y��B! (-q"�� � �L 3�� ���� A� ��2"
 Y��B! A�

 A� F��\� �- �4-h! Y��B! t�� �� ?G�"R� +�Bj! ��

�
 W��U"�� ��C��
-B� . ��,�
 Y��B! (B,� � JK� +�� ��

�
 '�-B� [
�� +� �B
�/ � �I#� ������4 �1CN ��B!

�;���-��/ 3�- �� �� +�
/ �S
& +� . �� (-q"�� �

V�� � ��O4Minitab  ������4 �1CN ��,�
 � ������4 V��;B"#��

(-�- �I#�3�� (�� )���! � . � ������4 V��;B"#�� ��2!

 ��-2
P-value F��;B�1BL �B
�/ �--  FB������

)JK�  +�6 �7 ((-�- �- [
�� Y��B! (���- ��� ��� +�

 ��� 3��� '3���� EKN ���&�� �"U� ')	R �R��

+��4 WB
 Y��B! � +��4 3
�2
 � ���L 3
�2
 '

[
�� cB1 (-�- +��� [��
 � T/ T8& 'JU�U! +�

3�� �"�#�"�G� .J��,! ��� �0Z<  [��& �- O�� +�
/ +�

3 3�� (�� (-��/.  

  

  
  

  
  

  

55.052.550.047.545.042.540.0

6

5

4

3

2

1

0

R

F
re

qu
e

nc
y

Approximate P-Value > 0.15

Kolmogorov-Smirnov Normality Test

N: 20
StDev: 3.55816
Average: 47.85

555045

.999

.99
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.80

.50

.20
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P
ro
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y

R

? { { ?  

2.1952.1902.1852.1802.1752.1702.165

6

5

4

3

2

1

0

Unit weight (gr/cm3)

F
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e
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y

Average: 2.177
StDev: 0.0076846

N: 20

Kolmogorov-Smirnov Normality Test

Approximate P-Value > 0.15

2.165 2.175 2.185 2.195

.001
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 @��6. (-�- +��� [
�� Y��B! ��,�
 � ������4 V��;B"#��k1� }+� ({ ')	R �R�� ��� (w '3���� EKN ���&�� �"U� (

� '+��4 WB
 3��� ( ���L 3
�2
� '������ (F��;B�1BL �B
�/ ��-B�� � '+�B,
 A! +��4 3
�2
– +��� FB������

(-�- �- [
�� Y��B!T }+� (? ')	R �R�� ��� (W '3���� EKN ���&�� �"U� (= '+��4 WB
 3��� ( ���L 3
�2


- '������ (+�B,
 A! +��4 3
�2
.  

  

400350300250200150100

7
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1

0

UCS (MPa)

F
re

qu
en

cy

Average: 244.688
StDev: 76.1464

N: 20

Kolmogorov-Smirnov Normality Test

Approximate P-Value > 0.15

80 180 280 380

.001

.01

.05

.20

.50

.80

.95
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.999

P
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y

UCS (MPa)

�  -  

3530252015105
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1

0

UTS (MPa)

F
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cy

Approximate P-Value > 0.15

Kolmogorov-Smirnov Normality Test

N: 20
StDev: 7.39089
Average: 19.7342

3525155

.999

.99

.95

.80

.50

.20

.05

.01

.001

P
ro

ba
bi

lit
y

UTS (MPa)

�  =  

3900380037003600350034003300

5

4

3

2

1

0

Vp dry(m/s)

F
re

qu
e
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y

Approximate P-Value > 0.15

Kolmogorov-Smirnov Normality Test

N: 20
StDev: 174.330
Average: 3659.19

3950385037503650355034503350
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y

Vp dry(m/s)
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 @��7. cB1 Y��B! ��,�
 � ������4 V��;B"#�� (-�- +��� [
��k1� }+� ({ 'JU�U! (w 'T/ T8& ( ��-B�� � '�"�#�"�G� [��


F��;B�1BL �B
�/– FB������ cB1 Y��B! +��� (-�- �- [
��T }+� (? 'JU�U! (W 'T/ T8& (�"�#�"�G� [��
.  

  

�B
�/ V	�� �L	�/ ��3d� � ���; ��C��
�/ +� ��;

 u�� gI� �� 3��GB�-�� M�� �K��� �� �&B! � � ��"#�

�;��� � �-B� ��G �"U� �� �/ �K��K
 +� J�d

��B��  +��� ��C��
�/ ^�"� �� (-q"�� 3�& '3�� +��;

(s��  ��� (��X"
 �- _���� 'ANBL +� |�B< �� 3�- 

(�
/ �- '(C��
�/ � (-q"�� �� 7�� �B���;� �- (��X"
  �-

V�� ��O4�Minitab -�B
 ��O	! � J��,! ���d  34�;) JK�8.(  

  

1.81.71.61.51.41.31.21.11.0

7

6

5

4

3

2

1

0

Log E50 (GPa)

F
re

qu
e

nc
y

Approximate P-Value > 0.15

Kolmogorov-Smirnov Normality Test

N: 20
StDev: 0.163403
Average: 1.45469

1.781.681.581.481.381.281.181.080.98

.999

.99

.95

.80

.50

.20

.05

.01

.001

P
ro
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y

Log E50 (GPa)

W  w  

0.820.800.780.760.740.720.70
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8
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6
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4
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2

1

0

Log Iv(%)

F
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cy

Average: 0.736998
StDev: 0.0261307

N: 20

Kolmogorov-Smirnov Normality Test

Approximate P-Value: 0.102

0.70 0.75 0.80
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.50
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P
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Log Iv(%)

?  { 
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F
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Average: 1.07485
StDev: 0.0255118

N: 20

Kolmogorov-Smirnov Normality Test

Approximate P-Value: 0.066
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 B�# 3. E���  �� J0R +� (-�- [
�� cB1 � [
�� Y��B! +�
/ +� J��,! �0Z<.  

������� �� ������ 	-����/  C���(D J��	�  ����D K�(! ��6�� L�   ��#;�P-value 

)	R �R�� ���  A�<  [
��  15/0>  

JU�U!  -  [
�� cB1  066/0  

T/ T8&  -  [
�� cB1  102/0  

 EKN ���&�� �"U�3����  A�<  [
��  15/0>  

+��4 WB
 3���  A�<  [
��  15/0>  

+�B,
 A! +��4 3
�2
  A�<  [
��  15/0>  

������ ���L 3
�2
  A�<  [
��  15/0>  

�"�#�"�G� [��
  A�<  [
�� cB1  15/0>  
  

  
  

V	�� y�d- E�
�/ +� ���S! �;���+� �K��K
 �� 

|Bh< ���S! 3
�2
 +��4 A! +�B,
 �- M�� +� 

�"��GB�-�� ��#� JK�
 (-B� � VO�"#
 (-
/ +�� y�d- 

��B�� � �- ��"<� �"��- (C"�- +� ���; � t#R 3�� .

(�Z� �� '�/ ^�"� J0R �C"#��� +���� �� -S�� '��B�� 

(B,� '+��8;�� +�>< '��#�� J
�B� �&�< � (��f -��-. 

_���� ��� ���L |�B< �� 3�- (�
/ �- (C��
�/ � �C��K� 

�� 7�� +� �B���;� (-� -�B
 ��O	! � J��,! ���d 

34�; .���� �BP�
 (�Z� �� �1-S
 '�>< ?G-S
 '���B! 

���� � ��"��C1 O�� -�B
 ����� ���d 34�;. ^�"� �� 

g#R ���"�� 31R 7���� �-  JK�8  �[��& 4 �l��� (�� 

3��. �B>��� �L (���
 �
 '-B�  �� J0R ^�"�

�B
�/  ')	R �R�� ��� '+��4 WB
 ��� 3��� +�

JU�U! � '3���� EKN ���&�� �"U� ���"��� �C"#I�� 

�� � 3
�2
 +��4 A! ������ E�L 3
�2
 � +�B,
 

'����- �� +�B\ �L +��� ���U! 3
�2
 M�� �
 ��B! �� 

^�"� ��� E�
�/� (-q"�� -�L.  

�� ^�"� t�� ��A! +��4 3
�2
 (�
/ 3�-  �� +�B,


JU�U! ')	R �R�� ��� � �I��
 �C"#I�� �  �"U�

 ��� ���S! � 3�� ��-�B<�� 3���� EKN ���&��

�;���  � � -���� )P�
 ����� JK� � ��B�� ���! �� ��� �

(����� J�d �;-� �� � )L ���O�� '��"#� +��;E�
�/ �� �

�
  +��4 3
�2
 E�
�/ +��� �I��
 ��OC�& ����B!

A! ��B�� �� ��� �/ �- �L ���� +�B,
���B"�� +� +�

-�L (-q"�� .  

 +��4 3
�2
 -��/�� +��� �q�"U
 _���� '�S1>
 ��� �-

A!b<� �� (-q"�� � +�B,
 �K��K
 � �K�O�4 +�

3�� (�� -����  . '�B���;� �1-S
 �� ����L ������ +���

 ���S! g��@(R2) �0h"<� `����� ')VAF) ( �>���1( '

 ��"��C1 ��S
 F��,��(β) ) �>���2( Y��
 _�B"
 �8& '

 �><(RMSE) ) �>���3 ( y�>
 _�B"
 +>< �(MAE) 

) �>���4 (3�� (�� �I�,
 .�,�� ��"��C1 ��S
 F�(β)  �

 �>< Y��
 _�B"
 �8&(RMSE)  ���U! +��� ���

E�  ��-2
 ��� FZ"<��� (�� ���� ��-2
 � [�
 �����

3�� (�� (-q"�� (�� (���
 �Sd�� . _�B"
 y�>
 +><

(MAE) �
 ��� �L 3�� �"��LE�  �L ��-���� �N ! �

3�� A�-O� ���� �&��< �� �R.  
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 @��8. k1� } � ���L 3
�2
 ��� �>��� (T ')	R �R�� ��� ({ 'JU�U! (? '+��4 WB
 ��� 3��� ( ���&�� �"U�

k1� }� +��4 3
�2
 ��� �>��� � 3���� EKN (T ')	R �R�� ��� ({ 'JU�U! (? '+��4 WB
 ��� 3��� ( �"U�

3���� EKN ���&��.  

  

55504540
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a)

S = 12.9603   R-Sq(adj) = 97.1 %

UCS (MPa)= -765.176 + 21.1048 R
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95% CI
Regression
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S = 18.6049   R-Sq(adj) = 94.0 %
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Regression
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1.151.101.05
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a
)

S = 17.2139      R-Sq = 95.4 % 

UCS (MPa)= 28512.7 - 49208.2 Log n(%) + 21301.9 Log n(%)**2

95% PI

95% CI

Regression

2.1952.1852.1752.165

500

400

300

200

100

Unit weight (gr/cm3)

U
C

S
 (

M
P

a)

S = 22.1270   R-Sq(adj) = 91.6 %

UCS (MPa) = -20446.4 + 9504.41 Unit weight

95% PI

95% CI
Regression

w  W  

55504540

40

30

20

10

 0

R

U
T

S
 (

M
P

a)

S = 1.80583    R-Sq(adj) = 94.0 %

UCS (MPa)= -76.8066 + 2.01757 R

95% PI

95% CI

Regression

3900380037003600350034003300

35

30

25

20

15

10

 5

 0

Vp dry (m/s)

U
T

S
 (

M
P

a)

S = 1.88586  R-Sq(adj) = 93.5 %

UTS (MPa)= -130.540 + 0.0410677 Vp (m/s)

95% PI

95% CI

Regression

{ ?  

2.1952.1852.1752.165

40

30

20

10

 0

Unit weight (gr/cm3)

U
T

S
 (

M
P

a)

S = 1.97318  R-Sq(adj) = 92.9 %

UTS (MPa) = -2002.14 + 928.744 Unit weight

95% PI

95% CI

Regression

1.05 1.10 1.15

 0

10

20

30

40

Log n(%)

U
T

S
 (

M
P

a)

Ten = 2538.60 - 4361.78 Log n(%) + 1876.77 Log n(%)**2

S = 1.75381 R-Sq(adj) = 94.4 %

Regression

95% CI

95% PI

k1� T 

Archive of SID

www.SID.ir

http://www.sid.ir


13  /���� ��	
-                                       ����� �����
 ���� ��
� ��	�� �����                        �"#
� � O�� 1394 (��� ')"�� ��& '3 �4  

_______________________________________________________________________________________________ 
 

 

  

 B�# 4. �;��� ��� (��X"
 �- _�����K��K
 � �K�O�4 +�.  

��	�=-�  RMSE  MAE VAF β R2  ,��	�� +N��>�  

T/ T8&- JU�U! 095/0 060/0  915/0  016/0  945/0  Log Iv (%) = 11.3171 (Log n)2 + 25.5557 n + 15.1238  

 )	R �R�� ��� - 3���� ���&�� �"U� 002/0 002/0  920/0  001/0  926/0  )/( 3cmgrdγ = 0.0021 R + 2.0773  
+��4 WB
 3���- )	R �R�� ��� 420/41 319/36  923/0  011/0  925/0  Vp(m/s) = -5379 dγ 2 + 2366 dγ  - 2597  

���L 3
�2
- )	R �R�� ��� 973/1 630/1  926/0  137/0  929/0  UTS (MPa)= 928.744 dγ – 2002.14  
 +�B,
 A! +��4 3
�2
 -  ���

)	R�R��  
782/20 641/14  932/0  109/0  916/0  UCS (MPa)= 9504.41 dγ – 20446.4  

JU�U!-  �"U�3���� ���&�� 202/0 154/0  880/0  017/0  910/0  Log n (%)= 0.0004 R2 - 0.0489 R + 2.4077 

JU�,!- +��4 WB
 3���  232/0 152/0  848/0  019/0  885/0  Log n (%)= 0.0000001 Vp2 - 0.0012 Vp + 3.5482 

���L 3
�2
- JU�U! 617/1 323/1  913/0  100/0  944/0  UTS (MPa)= 1876.77 (Log n)2 - 4361.78 n + 2538.60 

+�B,
 A! +��4 3
�2
- JU�U!  872/15 497/13  915/0  077/0  954/0  UCS (MPa)= 21301.9 (Log n)2 - 49208.2 n + 28512.7 

T/ T8&- 3���� ���&�� �"U� 095/0 060/0  915/0  016/0  922/0  Log Iv = 0.0071 R + 0.3988  
T/ T8&- +��4 WB
 3��� 127/0 072/0  939/0  022/0  853/0  Log Iv = 0.0000002 Vp2 - 0.0010 Vp + 2.3417  
���L 3
�2
- 3���� ���&�� �"U�  713/1 347/1  931/0  108/0  940/0  UTS (MPa)= 2.0176 R – 76.8066  
�"�#�"�G� [��
- 3���� ���&�� �"U� 128/1 735/1  887/0  102/0  922/0  Log E50 (GPa)= 0.0442 R – 0.6602  

+�B,
 A! +��4 3
�2
-  �"U�

3���� ���&��  
295/12 149/9  974/0  054/0  971/0  UCS (MPa)= 21.1048 R – 765.176  

���L 3
�2
- +��4 WB
 3���  789/1 665/1  939/0  103/0  935/0  UTS (MPa)= 0.0411 Vp – 130.540  
+�B,
 A! +��4 3
�2
-  WB
 3���

+��4  
650/17 486/14  902/0  091/0  940/0  UCS (MPa)= 0.4243 Vp – 1307.77  

  

  

)1(                          �	
 = �1 − ���� ���������������
�����������  !    

  

)2(                                    " = # $%�$ ∑ '() �������������  *+%,-$  

  

)3(                             .	/ = $% ∑ 0	,12�3 − 	4�250%,-$  

  

)4(                       6.7/ = 8$% ∑ �	,12�3 − 	,4�25�+%,�$  

  

 _���� ��� �-Aimeas 'i  � (�� �I�,
 O& ��
Aipred '   

i �E�  O& ��
 � (�� ����n (-�- -��S!3�� � . [���&

)4�5 (�B���;� �� J0R ^�"� ��� �C"#I�� ��� �� �

�
��-.  

���� '+�P� �,1 ��E�  +�[�
 +��� �!�� ���� +�
/ +�

 +���VAF  �R2  +��� � A� � �����β 'MAE  �RMSE 

3�� �q0 � ����� . b<� �- +��� (�
/ 3�- �� ��-2


VAF  �R2  �N �� ������� '3�� ��B� �- A� � �q0 ���

E�  [�
 '���L J�
 A� 3�� �� ��-2
 ��� ����L �� ����

3�� ��-�B<�� +�!G� .�� Vd�� �N�� 'J�2
 �- (�
/ 3�-

b<� +��� +�MAE  �RMSE  [�
 +>< '��� �"�L

E� -B� ���B< �"�L ���� .b<� �� �&B! � 3�- �� +�

 [��& �- (�� �l��� _���� +��� (�
/4E�  '���� J0R +�

(-�- � �1BId J�d y�>! +���-  ���"�L � ��C��
�/ +�

��"#� M�� b<� ?�0Bh< -��/�� +��� >< ��O�
 . ��

 y�>! 3�� �� 3���� EKN ���&�� �"U� t�� ���

����  +>< ���2
 � �!G -��/�� +��� �"
��  ���"�� '�!

A! +��4 3
�2
3��GB�-�� +�B,
�
 ����.  

�� 	�/ �L �B���;� (-� A� �	�"� �I#� � �I��2! �l��� 

�
 '��- �81 �- ��� y�2,! 7�� +� ���U! �� y��\ O�1�/ 
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(��X"
��N -�B
 ����� ���d �"4�; 3�� .��� O�1�/ � (-q"�� 

�� �- ��X"
 J2"#
 � � ��BS! ���X"
 -�B
 ����� ���d 

�"4�; 3�� .�- [��& 5 _���� �� 3�- (�
/ �- ���"�� 

31R '7���� �l��� (�� 3��.  +��� '(��X"
 �- _���� �����

�1-S
 ����L ������ ���S! g��@ '(��X"
��N +�(R2) '

 �0h"<� `�����)VAF( ��"��C1 ��S
 F��,�� '(β) '

 �>< Y��
 _�B"
 �8&(RMSE)  y�>
 _�B"
 +>< �

(MAE) 3�� (�� �I�,
 � �>��� �� V��L �� +��� .^�"� �� 

3�- (�
/ �� [��& 5 �C��� -B&� _���� J�d [BId ��� 

+���X"
 J2"#
 � � 3
�2
 +��4 A! +�B,
 ��B�� � 

3��. ���"��� �� y�>! +��� �- ��X"
 J2"#
  WB
 3���

+��4 � �� 3���� ���&�� �"U� 3�� (�
/ 3�- . �-

�1R�� -��/�� +>< ��O�
 ���"�L �L  ��� J2"#
 +���X"


�
 y�S! JU�U! � )	R �R��-��;.  

 B�# 5. �;��� ��� (��X"
��N _���� � �K��K
 � �K�O�4 +�A! +��4 3
�2
 +�B,
.  

@;-.� ���	�=-�  RMSE  MAE VAF  Β R2  ,��	�� +N��>�  

 )	R �R�� ��� -  WB
 3���

+��4 
256/17 868/14  915/0  098/0  96/0  UCS (MPa)=  -9557.65+4070.5dγ

+0.26Vp  
 )	R �R�� ��� - JU�U! 003/16 343/13  953/0  067/0  94/0  UCS (MPa)= -13033.11+6311.7dγ -38.9n  

+��4 WB
 3���- JU�U! 826/19 160/17  911/0  089/0  94/0  UCS (MPa)= -715.8+0.34Vp-22.9n  
 +��4 WB
 3���-  �"U�

3���� ���&�� 
670/27 193/25  971/0  126/0  96/0  UCS (MPa)=  -926.1+0.13Vp+14R  

  

 (�� �l��� _���� ����L -��/�� � ^�"� �� �&B! � 'QB�	
 �-

�B���;� ��  �� (�� -��/�� ��-2
 '(��X"
��N � �- +�

A! +��4 3
�2
 +��� �1BId J�d ����L �� +�B,


��"#� ��-�B<�� .�
 ��� ^�"� ���r�� E��O4� � �L ���-

���X"
 V	�� �- 3d- '��X"
 �- �� ��X"
 A� �� J2"#
 +

E� �����
 E�L ��/ +>< � E��O4� ���� . �1R �- ���

 �- _���� �- 3���� EKN ���&�� �"U� �"
��  �L 3��

 +��4 WB
 3��� � (���� (��X"
 ��N _���� �- � (��X"


A! +��4 3
�2
 -��/�� +��� 3d- ���"��� +���-�B,
 +

3��.  

  

5. +*�-��	�� 

• A! +��4 3
�2
 E�
�/ ^�"���� +�B,
 (���-

3��GB�-�� (���K� 3��
 (��
�L �!�N +�  

�
���. 

•  +��"
��  ��� ���	! �>��� QB� ��� bU�
 +���

M�� k�"U
 �K��K
 � �K�O�4 ��"�� 3�� V�G '�

(-�- +�
/ Y��B! �� V��d� `a� � (�� bU�
 �

-B�� ���	! �>��� +���d��. 

• (-�- [
�� Y��B! ���"����� +� �� HB��
 (�
/ 3�-

A! +��4 3
�2
 ���
 �K��K
 +��"
��   '+�B,


�
 +��4 WB
 3��� � ������ ���L 3
�2
���. 

• (-�- [
�� cB1 Y��B! ���"��� HB��
 (�
/ 3�- �� +�

 � T/ T8& ���
 �K�O�4 +��"
��  ��JU�U!  

 �
 ���. 

• �B
�/ �� J0R ^�"� '+��4 WB
 ��� 3��� +�

JU�U! ')	R �R�� ��� �  EKN ���&�� �"U�

'3���� ���"��� �C"#I�� �� � 3
�2
 +��4 

A! ������ ���L 3
�2
 � +�B,
 ����-. 

• (-q"�� �� 7�� +� �B���;� (��X"
��N �	�
 �� 

���U! ��#� +�"�� �� 3
�2
 +��4 A! +�B,
   

�
 '-B� �- ��� 31R ���"�� �>��� ��N (��X"
 7���� 

(�� +��� ��B�� '� �1-S
 �&�- V�- � �- ��X"
 J2"#
 

3�� . 
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• � �&B! �� ��O�
 FZ"<� )L ��� 3
�2
 +��4 

A! +�B,
 ����U! � (����� +��; (�� �- g�f� ��B�� � 

� ���S! g���@ �I�,
 '(�� [�
 +� �� 3�- (�
/ �- 

��� y�2,! �� ����L J�d �1BId �- ���U! )�2"#
��f 

3
�2
 +��4 A! +�B,
 ��-�B<�� ��"#�. 

�S1>
 V	�� (�� ��O�� E�  ���� J�d �1BId �� +��� �I�,
 

3
�2
 +��4 A! +�B,
 3��GB�-�� � �l��� �
 ��- .�� 

J�1- ����L E�  ���� 'TB< ��� [�
 � �
 ����B! +��� 

������ �����
 �!
�2
 -�B
 (-q"�� ���d ����;.  

  

�K
��  

� '��Z
d/.+�C�1 '� '�B .V '+�Bqf '. '1392 .��
� ?�0Bh< ����� M�� �����
 ���� (C"<� J,
 �- ��G� O
�d ���� ���
 +�

��
� ����� 'q0 ����& '�����
 ���� (��� ')"q�2 '�"#
� � O��  '1762 -1743. 

����4� '�4.' = '7���.'1380 .E�
�/+� A��K
 'M�� ��I
 +�P� � �-����"��. ��& [�� :�B
�/+� (C��
�/ '��C��
�/ ��4 � 

A��K
 u<. {N [��. ����! .719 |. 

V '+-Id .� '��0 ����d '=.= '��#,
 '.��
��� 'Q '+�. '1393 .��
� ?�0Bh< �S1>
 VZ�� ���� A�/ M�� �����
 ����-  �- u���

V�< �"���� ��
� ����� '-�/  (��- '�����
 ����8 (��� '4 '�"#
� '2486 - 2463. 

V '+-Id .=.= '��#,
 '.V '=�4 �1B�� ' .�. '1388 .��
� ?�0Bh< �S1>
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