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Copula Function Method for Simulating the Occurrence of Jointed
Rock Mass Structural Plane under Different Fitting Indexes
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(1. State Key Laboratory of Mountain Bridge and Tunnel Engineering, Chongqing Jiaotong University, Chongqing 400074, China;
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[ Abstract] In order to accurately select the Copula function to simulate the mutual correlation between inclination and dip of jointed
rock mass structural plane, the Copula function method to simulate the occurrence of jointed rock mass structural plane under different
fitting indexes was proposed. The optimal Copula function was determined by using the least square Euclidian, AIC information
criterion and BIC information criterion, and the optimal edge distribution type of the observed occurrence data of the structural plane
was determined by Matlab software. At the same time, Monte Carlo sampling method was used to automatically generate simulation
data, and the data was imported into Dips software for visualization processing, and the erP projection map of occurrence was obtained.
The difference between the measured dip and inclination data and the simulated data determined by Copula function under different
fitting indexes was compared. Finally, the validity of the method is tested based on engineering cases. The results show that different
fitting indicators will produce different Copula functions, and there will be great differences in the effectiveness of simulation
occurrence. Improper fitting indicators may lead to the selection of inaccurate Copula functions, so that the model can not accurately
capture the relevant structure and features of the data. Inappropriate fitting indexes may lead to large errors between the fitting model
and the real data, which will decrease the predictive ability and interpretation ability of the model. In this case, it is shown that the
Gaussian Copula function selected under the fitting index of least square Euclidene values has the best fitting effect on the measured
data. This research will help to select the appropriate fitting index when using Coupla function.
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Table 1 Measured joint fracture data

B s () Wifs(e) || Y fm/(o) ff/(0) || FE m/(e) fif/C) || FS iase) WM/ )
1 260 88 15 115 75 29 95 55 43 128 62
2 255 85 16 116 63 30 82 81 44 65 89
3 255 85 17 115 81 31 108 80 45 120 54
4 98 84 18 80 42 32 76 72 46 95 54
5 65 89 19 76 72 33 76 72 47 98 75
6 98 75 20 76 72 34 128 74 48 110 49
7 82 84 21 80 71 35 128 74 49 95 55
8 130 61 22 87 42 36 110 52 50 115 49
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Fig. 2 Stereo-projection of sample occurrence
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Fig. 1 Histogram of measured data of dips and dips of

discontinuities
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Table 2 AIC values of different edge distribution types of dip angle and dip direction

AIC 14
SH
ERMME BRSO B 1 B A INE 434G AR ARBU ity FIl 4347
fii i) 557.73 588.91 523. 85 596. 03 665. 91 553.23 608. 05 556. 34
i fa 433.43 529.95 442. 66 429. 44 565. 43 429.90 554. 83 488. 30
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Table 4 d values for differnet Copula functions
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Table 5 AIC values for differnet Copula functions

Copula PR%K T/ N7 BR IR R B (E Copula PR%Y AIC 18
Gaussian 0.026 2 Gaussian 1.537 2
Gumbel 0.037 9 Gumbel -0.7532

Frank 0.026 9 Frank 1.795 5
Clayton 0.028 1 Clayton 2.000 0
t-Copula 0.028 2 I—Cnpula -1.901 6

3400 3507 % 10° 50
3300 T 30°
\s. 400
500
\ 60°
70°

80°
+ 90°
~100°
110°

‘ /A120°

230° N\ 1300
220° 140
200° 1900 1ggo 170° 160 20 500
(a) Gaussian Copulapf B IR =R B 77 - B% 190° 180° 170°
= (a) t-Copula i FOASHL IR 7= R B 777 B
P . A»7_7),_,7»—-'"“_7—77_7 Soon -
] y 3 D
k\ f ( ' )
< T 172 A : /
N ™ \ - e o

h - L - 1
- LN

5 TS u*;v’ff_i_;ﬁ:

(b) Gaussian Copula & ZUEIL K =R B3 3D PR B
K3 Gaussian Copula PRI RIFTARALFIE
(7=0.06)

Fig. 3 Gaussian Copula function simulation of the

occurrence of erespan projection (7 =0.06)

(b) t-Copula i BCHU = R B 3D 75 T 1 BB P
[l 4  t-Copula PREEAUIY P RA-FHEIE (7 = - 0.02)

Fig. 4 t-Copula function simulation of the occurrence of

erespan projection (7= -0.02)
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Table 6 BIC values for differnet Copula functions

Copula R BIC {H
Gaussian 3.507 5
Gumbel 1.217 1

Frank 3.765 8
Clayton 3.970 3
t-Copula 2.0390
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(r=0.15)
Fig. 5 Gumbel Copula function simulation of the

occurrence of erespan projection (7 =0.15)
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