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A Case Study on Stochastic Fracture Network Modeling for
Rock Slopes of Busan-Ulsan Highway(Reach 5)
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Seven hundred and fifty one fractures of the rhyolitic tuffaceous rock masses were mapped using 6 scanlines
placed on rock slope exposures that were within 8.02km of Busan-Ulsan highway. These data were analyzed to find
the number of fracture sets that exist in the rock slopes and the probability distributions of orientation, spacing,
trace length and fracture size in 3-D for each of the fracture sets. All the fracture set orientation distributions
exhibit high variability. The Fisher distributions were found to be unsuitable to represent the statistical distribution
of orientation for most of the fracture sets. The probability distributions, gamma, exponential and lognormal were
found to be highly suitable to represent the distribution of spacing and semi-trace length of fracture sets. In obtain-
ing these distributions, corrections were applied for sampling biases associated with spacing and trace length. The
generated fracture system in 3-D was used to make predictions of fracture traces for each fracture set on 2-D win-
dows. Developed stochastic 3-D fracture network for the rock mass was validated by comparing statistical proper-
ties of the observed fracture traces on scanlines with the predicted fracture traces on the scanlines. This exercise
turned out to be successful.
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Fig. 1. Proposed alignment of the Busan-Ulsan highway.
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Fig. 2. Locations of the scanlines.

Table 1. The specifications of the surveyed rock slopes.

ScanlinelD Scanline Slope specifications Weathering

length(m) Dip Dir.(°) Dip(°) Hight(m) Width(m) grade
SL1 11.0 298 63 5 17 MW
SL3 16.0 280 63 15 54 HW
SL5 24.6 298 63 19 45 Sw
SLé6 12.5 298 63 18 80 HW
SL7 16.7 300 63 8 60 MW
SL9 16.3 120 63 12 60 MW
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Fig. 3. Photographs of the SL1.
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Table 2. Delineated joint sets and 2 test results for Fisher distribution of orientation data.

Mean orientation

Scanline 1D Set No. No. of data Dip Dir(%) Dip.) K Sp. Var. p
1 60 085 87 11.122 0.088 <0.005
SL1 2 31 022 83 9.910 0.098 <0.005
3 19 009 43 18.428 0.051 <0.005
1 44 348 86 13.815 0.071 <0.005
SL3 2 37 291 61 17.242 0.056 0.279
3 45 039 87 17.412 0.056 <0.005
4 39 082 55 16.804 0.058 <0.005
1 27 249 86 12.639 0.076 <0.005
SLs 2 13 359 68 23.466 0.039 0.065
3 7 184 54 20.872 0.042 0.097
4 13 311 62 19.806 0.047 0.020
1 44 254 86 11.977 0.082 <0.005
SL6 2 73 170 79 20.727 0.048 <0.005
3 31 250 . 17 66.025 0.015 <0.005
1 11 016 81 46.925 0.019 0.013
SL7 2 48 243 84 14.360 0.068 0.024
3 21 342 75 103.490 0.009 0.006
4 38 306 89 14.201 0.069 <0.005
1 63 217 82 22.136 0.045 <0.005
SL9 2 57 307 79 11.921 0.082 <0.005
3 30 095 14 20.692 0.047 <0.005

Note: K=Fisher constant, Sp. Var.=Spherical variance, p=Maximum significance level at which the Fisher distribution is suitable
to represent the statistical distribution of joint orientation data(a minimum of 0.05 is required to accept Fisher distribution).

(d) SL6 (e) SL7 (f) SL9

Fig. 4. Orientation distribution of joint sets on a lower hemispherical equal angle projection.
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Table 3. Summary statistics and goodness-of-fit test results for joint spacing.
Scanline ¢\ No.of Mean Standard Exponential Gamma Lognormal
ID data (m)  deviation(m) K-S p K-S p K-S p
1 59 0.07 0.11 0.0586 >0.2 0.0964 >0.2 0.2691 >0.2
SL1 2 30 0.32 0.51 0.0545 >0.2 0.0743 >0.2 0.1920 >0.2
3 18 0.34 0.62 0.0994 >0.2 0.1106 >0.2 0.1705 >0.2
1 43 035 047 0.0955 >0.2 0.0471 >0.2 0.0724 >0.2
2 36 0.25 0.30 0.1010 >(.2 0.0736 >0.2 0.1885 >0.2
SL3 3 44 0.12 0.15 0.1211 >(.2 0.0966 >0.2 0.2451 >0.2
4 38 0.14 0.14 0.0385 >(0.2 0.0511 >0.2 0.1574 >0.2
1 26 0.71 1.31 0.0379 >0.2 0.1523 >0.2 0.2081 >0.2
2 12 1.39 1.87 0.0773 >0.2 0.1060 >0.2 0.0549 >0.2
SLS 3 6 241 2.62 0.0733 >0.2 0.0833 >0.2 0.1352 >0.2
4 12 0.60 0.70 0.0223 >0.2 0.0291 >0.2 0.0343 >0.2
1 43 0.20 0.04 0.0236 >0.2 0.0211 >0.2 0.1764 >0.2
SL6 2 72 0.12 0.01 0.0450 >0.2 0.0427 >0.2 0.0635 >0.2
3 30 0.11 0.03 0.0666 >0.2 0.0938 >0.2 0.2598 >0.2
1 10 1.27 222 0.0787 >0.2 0.1429 >0.2 0.1336 >0.2
SL7 2 47 0.28 0.48 0.0441 >0.2 0.1224 >0.2 0.0782 >0.2
3 20 0.47 0.47 0.0543 >0.2 0.0546 >0.2 0.0692 >0.2
4 37 0.15 0.21 0.0641 >0.2 0.0618 >0.2 0.1137 >0.2
I 62 025 053 00346  >02 0200  >02 03027 >02
SL9 2 56 0.10 0.15 0.0562 >0.2 0.0752 >(.2 0.2824 >0.2
3 29 0.15 0.18 0.0270 >0.2 0.0395 >0.2 0.2150 >0.2

Note : K-S=Kolmogorov-Smirnov statistics, A minimum p value of 0.05 is required to accept the tried probability distribution
to represent the spacing distribution of the joint set.
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Table 4. Summary statistics and goodness-of-fit test results for joint size.

Scanline  Set No. of data Mean Sta.nd.ard devi- Exponential Gamma Lognormal
1D No. (m) ation(m) K-S p K-S p K-S p
1 60 1.7053 0.84 0.2770 >0.2 0.0973 >0.2 0.2974 >0.2
SL1 2 31 1.7574 0.89 0.1814 >0.2 0.1143 >0.2 0.3094 >0.2
3 19 2.2311 1.06 0.2449 >0.2 0.0655 >0.2 0.237 >0.2
1 44 0.7241 0.24 0.2941 >0.2 0.0246 >0.2 0.0881 >0.2
SL3 2 37 0.6324 0.31 0.2696 >0.2 0.1603 >0.2 0.2805 >0.2
3 45 0.9851 0.37 0.3019 >0.2 0.1445 >0.2 0.1241 >0.2
4 39 1.4669 0.48 0.3169 >0.2 0.1222 >0.2 0.1542 >0.2
1 27 2.0556 1.29 0.1238 >0.2 0.1277 >0.2 0.1198 >0.2
SLS 2 13 13154 1.04 0.1660 >0.2 0.1802 >0.2 0.2587 >0.2
3 7 1.5714 0.59 0.2102 >0.2 0.1405 >0.2 0.1012 >0.2
4 13 1.6154 1.51 0.0512 >0.2 0.0439 >0.2 0.0687 >0.2
1 44 0.4602 0.58 0.0496 >0.2 0.0367 >0.2 0.2729 >0.2
SLé6 2 73 0.3315 0.27 0.0883 >0.2 0.0757 >0.2 0.3486 >0.2
3 31 0.5968 0.46 0.0841 >0.2 0.1046 >0.2 0.3761 >0.2
1 11 1.8091 1.65 0.1096 >0.2 0.0987 >0.2 0.2475 >0.2
SL7 2 48 0.8208 0.90 0.1272 >0.2 0.1025 >0.2 0.2533 >0.2
3 21 0.5714 0.96 0.0424 >0.2 0.1018 >0.2 0.1689 >0.2
4 38 0.5658 0.91 0.1893 >0.2 0.1033 >0.2 0.2682 >0.2
1 63 3.8238 1.66 0.2832 >0.2 0.1109 >0.2 03143 | >02
SL9 2 57 2.9026 1.72 0.1859 . >0.2 0.0626 >0.2 0.3495 >0.2
3 30 1.1500 0.98 0.1761 >0.2 0.1396 >0.2 0.3233 >0.2
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Table 5. Summary of joint trace length analysis results.

Scanline Set No. Observed Corrected
ID mean(m) mean(m)
1 17053 12669
SL1 2 1.7574 1.7871
3 22311 1.9904
1 0.7241 0.4154
2 0.6324 0.4906
SL3 3 0.9851 0.604
4 1.4669 0.9333
- 1 20556 15534
2 13154 1.210]
SLS 3 1.5714 1.2944
4 1.6154 1.7639
- 1 0.4602 0.5693
SL6 2 03315 0.3072
3 0.5968 0.6128
T 1 1.8091 23688
2 0.8208 0.8094
SL7 3 0.5714 0.8889
4 0.5658 0.832
T Ty T 3sms T asns
SL9 2 2.9026 2.0581
3 1.1500 0.9741

Aq71M, p & AR Hg M Zolzd =321 7
Aol <&k di=te} BAH HF el Aoz B ¢ 3
vl 97x4] SL1, SL3, SLS, SL6, SL7 % SL9
A FEE Ao didt ¢ vs. -In(l-vn)e] BAZ F
B 339 p 3ol Table 59 Wehd Qith

Fig. 72 SL6olA) %8 3719 Azl sl 22t
o] w3k AL Y3 ¢ s In(lm)e) BAE =4S
olelct. Z@ellA] FAlde] AARR AP EE o] &
ANe zh] YaiXE 0.81 ol AAAFRY)Y =
Apdelr =48 BERES) 50% oVde) dute) xE
A Aol YA stedokgirl(Kulatilake ef al., 2003).

SL1oIA EAFE BF d42 1.27-1.99 me] HHo]
o, SL3-& 042-093m, SL5¥ 1.55-1.76mel B,
SL62 03-0.6me W9, SL73 SL9= 77t 0.81-
237mé 0.97-45me] HE ==t debrd sLe
APRE AHQ|s i) AlENeA He] e o
2m W2 HwA A F4ERSS & 4 den, ¢
oM BNY £ e NEFE Y o 7RG
AXZE AL AtEe] MESe] THE Fym A
ol o3t st T3 Sl HA 9T B F
Rz} AFRET
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Fig. 7. Estimation of corrected mean trace length for joint
sets of the SL6.
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st AA 24 - 7158 HIRES PR F5
Wk Zo)thKulatilake. et af, 1993, 1996, 2003).
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Table 6. Generated fracture network in 3-D using the Monte carlo simulation.

Set no. x-cordi. (m) y-cordi. (m) z-cordi. (m) Diameter (m) Dip Dir. (°) Dip ()
1 0.08 048 1.66 0.66 084 66
1 4.41 9.52 7.91 1.63 062 64
1 0.85 9.58 5.34 1.75 148 62
1 9.40 3.00 7.39 0.69 079 86
1 3.83 3.55 7.81 1.17 094 73
2 0.48 1.66 4.41 1.29 021 84
2 9.52 7.91 0.85 2.13 005 86
2 1 9.58. 5.34 94 222 036 82
2 3.00 7.39 3.83 1.32 019 76
2 3.55 7.81 7.87 1.77 034 76
3 6.69 3.61 6.33 0.35 030 48
3 6.08 4,12 1.71 1.34 028 48
3 0.08 0.5 421 2.26 342 60
3 245 6.49 7.57 2.31 358 46
3 6.94 5.86 5.56 2.40 058 20
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Fig. 8. The fracture network visualization models for the
selected cut slopes of the study area.
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Fig. 9. The horizontal(5 x5 m) fracture networks for cach
scanline.
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Table 7. Comparison between observed and generated joint
parameters for each scanline.

Scanline  Set Spacing(m) Size(m)

1D No. Observed Generated Observed Generated

I 0.07 0.08 1.71 1.24
SL1 2 0.32 0.25 1.76 1.62
3 0.34 0.21 223 1.95
| 0.35 0.35 0.72 0.71
2 0.25 0.26 0.63 0.54
SL3 3 0.12 0.10 0.99 0.99
4 0.14 0.16 1.47 1.30
1 0.71 0.83 2.01 2.00
2 1.39 1.71 1.32 1.41
SLS 3 2.41 1.90 1.57 1.40
4 0.60 0.40 1.62 1.58
I 0.20 0.37 0.46 0.4
SLé6 2 0.12 0.18 0.33 0.31
3 0.05 0.05 0.60 0.57
1 127 1.04 1.81 1.97
L7 2 0.28 0.30 0.82 0.76
3 0.47 0.37 0.57 0.59
4 0.15 0.10 0.57 0.55
1 0.25 0.19 3.82 3.17
SL9 2 0.10 0.10 2.90 2.72
3 0.15 0.13 1.15 1.07
2 B
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