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 >�(L9�W- ���'�� (�) �����*� bc��R� . �W-��9 �  >(� �� 
%��  

 �
�K����L #���
&+  I��   31��0�  R2  

 �U7  

1 Lu= -1.37 RQD - 5.91 SCR + 216.75  59 /0  

2 Lu= -46.8 (D) + 1.20 SCR + 50.15 42 /0  

3  Lu= -2.01RQD -0.09D +203 72 /0  

 �U7
�\  

1 Lu= -108.24 Ln(RQD) - 6.11 SCR + 583.09  60/0  

2 Lu= - 34.04 Ln(D) + 1.03 SCR + 5.49 47 /0  

3  Lu= -RQD -20 Ln(D) +243.03 75 /0  

  

 >�(L10>(� bc��R� ����	�% .e-�� 	% ���&��% �� 
��"�;�1 
��
���Z 
�� 

2R  VAF RMSE  31��0�   

0.60  45.92  10.78  Lu= 517.54 × exp (-0.03 × RQD) a  
0.54  36.27  11.24  0.94 –Lu= 20.11 × (D) b  
0.59  59.65  9.95  Lu= -1.37 RQD - 5.91 SCR + 216.75  c  

0.42 42.51  11.86  Lu= -46.80 (D) + 1.20 SCR + 50.15  d  

0.60  60.07  9.9  Lu= -108.24 Ln(RQD) - 6.11 SCR + 583.09  e  

0.47 47.89  11.30  Lu= - 34.04 Ln(D) + 1.03 SCR + 5.49  f  

0.72 71.92 12.45 Lu= -2.01RQD -0.09D +203 g 

0.75 74.95 11.76 Lu= -RQD -20 Ln(D) +243.03 h 

  

5�X� �,�$�+� ��
,I�� 
(�&'$� ��, �����	�9 ��.  ��.

  3�  ��  �C.�'9  �$�  +�  J��H�  �
��G  �,�$�+�  O7��

  E�0,
�  ��!
���  +8A  ��!�[>G.  B$
_  :���  J��H�

) �U7RMSE� (   +��Y�  VAF 31��0�) �� ���;���  ��.6    �

7.(  B$
_  �!�[>G.  ��$ �� O7����. �+��2 -��  ��
,  
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�^�, #2  I�� r
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$��Y�  �0X�� 

��}  .4��  
, ��$�   +��Y�VAF   -. ��
, ���0(  4��,�X 

��G� � � #�6�� ��U7 D�+ �. I��  � ��. J��H�   �+�� 

���;��� +�
X ��
. .�
�&  3L  +��Y� O7�� �$� ��
, ]$ 

I�� ��7   3,100  ]$�6
 �F+�#�	
 ���, 
(���.�  4X� 

� +�>� � 
�	�,  #2  �U7 E�0,
� ��!
��� +8A 31��0� .4��

)RMSE� (    +��Y�VAF    �$� +� .4�� ��� ��+�2 
$� +�

31��0�  ��.y  ����
�  
$��Y�  ����  �
�&y′  ��Y� 
$

C�9���, � ���N ���� ���0(  �/���.) 4�� �.1976.(  
   VAF = [1 � (var (y � y.)/var (y))] × 100   

 

RMSE = 3(1N) × 5(y � y.)67
89:      

  

  I��A +�10  I�� E^��0� �,�$�+� P$��
  �����	�9 ��.

O7�� �� ���;��� �,3)�+� �+��2 �,�$�+� ��.   .4�� ���  
,
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 V:�13 �(����O�� _�	�! ����� 
���%���� .) ��a  (;< =  =>?. =@ . A(BC.CD EFG)) �b (;< =  HC. >> × (G) BC.I@) �c (; = �>. D? EFG � =. I> JKE + H>L. ?=) �d (;< = �@L. MC (G) + >. HC JKE + =C. >=) �e (;< = �>CM. H@ ;N ( EFG) � L. >> JKE + =MD. CI) �f (;< = �D@. C@ ;N (G) + >. CD JKE + =. @I )g(  ;< = �H. C>EFG � C. CIG + HCD � )h  (;< = �EFG � HC ;N(G) + H@D. CD  
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 >�(L11���! ��%�%�! ����\! d�%�� � ��D� .+��   ��;�1 b�R<�W� �� �R<�W� ��% �� ��F�< T 5 ��  

 _���� 2R �<��R�  

Öge (2017) Close to 1 Lu =  e[O.OP(:Q.O RSTUVB:QO)/WXY]B: 

Öge & Çırak, (2019)  
0.13  Lu = 14 + 0.20 RQD 

Öge & Çırak, (2019)  
0.10  Lugeon = 7.72 + 2.7 Dc 

Farid & Rizwan (2017)  
0.44  Permeability =  3447 . eBc.cQ WXY (RQD > 50%) 

Farid & Rizwan (2017)  
0.43 Permeability =  1015 . eBc.c6 WXY (RQD < 50%) 

Farid & Rizwan (2017)  
0.76 Permeability =  1950 . eBc.cO WXY 

Kayabasi et al., (2015) 

0.54 Lu =  �0.22 Ln (RQD) + 0.08 

0.52 Lu =  �0.23 Ln (RQD) + 0.08 

0.52 Lu =  �0.22 Ln (RQD) + 0.08 

0.52 Lu =  �0.21 Ln (RQD) + 0.09 

0.52 Lu =  �0.22 Ln (RQD) + 0.09 

 �R<�W� ��%  0.60 Lu =  517.54 . e(Bc.c
 WXY) 

Kayabasi et al., (2015) 

0.49 Lu =  �0.73 SCR + 0.71 

0.48 Lu =  �0.73 SCR + 0.71 

0.46 Lu =  �0.73 SCR + 0.7 

0.51 Lu =  �0.77 SCR + 0.72 

0.53 Lu =  �0.8 SCR + 0.75 

 �R<�W� ��% 0.006 Lu =  �1.9 SCR + 57.3 

Kayabasi et al., (2015) 

0.47 Lu =  �0.2 Ln (D) � 0.03 

0.46 Lu =  �0.2 Ln (D) � 0.03 

0.48 Lu =  �0.20 Ln (D) � 0.04 

0.50 Lu =  �0.2 Ln (D) � 0.03 

0.53 Lu =  �0.21 Ln (D) � 0.04 

 �R<�W� ��% 0.54 Lu =  20.11 × (D) Bc.gh 

Kayabasi et al., (2015) 

0.65 Lu =  �0.15 Ln (RQD) � 0.43 SCR + 0.41 

0.63 Lu =  �0.15 Ln (RQD) � 0.43 SCR + 0.41 

0.63 Lu =  �0.15 Ln (RQD) � 0.43 SCR + 0.41 

0.65 Lu =  �0.13 Ln (RQD) � 0.48 SCR + 0.45 

0.66 Lu =  �0.14 Ln (RQD) � 0.50 SCR + 0.47 

 �R<�W� ��% 

0.59 Lu = �1.37 RQD � 5.91 SCR + 216.75 

0.60 Lu = �108.24 Ln ( RQD) � 6.11 SCR + 583.09 

Kayabasi et al., (2015) 

0.62 Lu =  �0.12 Ln (D) � 0.48 SCR + 0.38 

0.61 Lu =  �0.13 Ln (D) � 0.48 SCR + 0.37 

0.61 Lu =  �0.13 Ln (D) � 0.46 SCR + 0.35 

0.64 Lu =  �0.12 Ln (D) � 0.49 SCR + 0.38 

0.67 Lu =  �0.13 Ln (D) � 0.5 SCR + 0.39 

 �R<�W� ��% 

0.42 Lu = �46.80 (D) + 1.20 SCR + 50.15 

0.47 Lu = �34.04 Ln (D) + 1.03 SCR + 5.49 

0.72 Lu = �2.01RQD � 0.09D + 203 

0.75 Lu = �RQD � 20 Ln(D) + 243.03 
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Abstract 

Permeability assessment is one of the important properties in geomechanical investigation of rock mass 
determined from water pressure test (WPT) and Lugeon number.   Results of these tests are used to 
determine the amount of groutability in tunnel, dam site and other water related constructions. Due to 
complex discontinuity patterns, it is almost impossible to determine the permeability of rock mass 
without a proper testing method. The purpose of this study is to develop various multivariate regression 
models to estimate the rock mass permeability in Khersan 2 dam site. To do this, a dataset including 28 
cases with Lugeon test results and corresponding RQD (Rock Quality Designation), spacing of 
discontinuities and SCR (Surface Condition Rating) properties are employed. Three different models 
were developed to estimate the rock mass permeability. The inputs of the first model are RQD and SCR 
(Model 1), the inputs of the second model are discontinuity spacing and SCR (Model 2) and those of 
the third model are discontinuity spacing and RQD (Model 3). Simple regression analyses indicate that 
there is no statistically meaningful relationship between the Lugeon values  and SCR. There is a 
statistically meaningful relationship, however, between the Lugeon values with discontinuity spacing 
and RQD. Non-linear multivariate regression analyses was conducted for two independent variables and 
one dependent variable because of nonlinear relationships between input and output. Finally, the 
validation of the results using statistical indicators shows that the accuracy of the proposed multivariate 
nonlinear regression relationship between Lugeon with RQD and the discontinuity spacing is higher 
than other relationships and it is more consistent with real data. The results show that with increasing 
the number of regression variables, the accuracy of the predicted Lugeon values increases and the 
experimental relationships are obtained with a higher correlation coefficient. 
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