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The appearance of faults during tunnel construction is often difficult to predict in terms of strike, dip, scale, and
strength, even though this information is essential in determining the strength of the surrounding rock mass. How-
ever, the strength and rock mass classification of fault zones are generally determined empirically on the construc-
tion site. In this study, 109 specimens were collected from fault of nine area throughout Korea, and direct shear
tests were conducted and the particle distribution was analyzed to better characterize the fault zones. Six multiple
regression models were established, using 97 of the specimens, to analyze the correlation between the shear
strengths and weight rations of these fault materials. A verification of the six models, using the remaining 12 spec-
imens, shows that in all of the models the coefficient of determination yielded R? > 0.60, with two models yielding
R%>0.69. These results provide useful information for determining the shear strength of fault materials in future
studies.
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% Ad R AEALE B8 249 dZe] AY o
= S Aw 99 F shlolth A AE 3

558 A £3h= 749 RMR 5 7129 dhERY
oA A AlREElo] JUA eFol HRAFOR oofA]
AR AFE AalebE gk A3 gl ade
A7t o5k 2Ale SRRV} olEe HE H
g9 kA AAIE Asleke 821 F shdeltt. o]
23 ZTARES sk flsiHe AEF=xe] 718kt
ol grsixor gtk s HSTh

EE 95Ye] T 543 ddE dyEE v
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ber and Brandner, 2003; Kun and Onargan, 2013)°l
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Fig. 1. Classification of the fault core, dependent on the positions of gouge zone and cataclastic zone within the fault zone
(modified from Chester et al., 1993; Chang and Choo, 1998). The diagram is not to scale.
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1993). 91714 B Bix|the} TS FHo) =3 (fault
core)o2kal shH, T HIX|tlo} o] 91X 2 FHE)
of met iy &5, v d5, W 95, e
Doz o] o= FHEEACKFig 1; Chang and
Choo, 1998). 3+ 19| TE2kgol oJaf Tgo] 4%
A5+ Fig. (@9 AR west Rd2 SRR
ZHgo] Tl ol Bt Aeele T2 W o
I tF dEelo g AlEEthFig 1(0), (d).
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Table 1. Summary of the fault rock samples.
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S5 &2 1271 HolHE A84S A=
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Sample No. Area Sample type Host rock Information of fault
Danyang-eup, Sedimentary boundary fault,
1 Danyang-gun, Gouge zone Coaly shale slickenside 300/40,

Chungcheongbuk-do

striation 26/228

Ulsan fault,

2 [hﬁa;zﬁf)i(i-dong, Soc;uege zone & cataclastic rtheg:tOS;e Slickenside 154/66,
" striation 16/238
Yangsan fault,
Gouge zone & cataclastic .. reverse, dextra,l
3 zone Andesitic tuff slickenside 278/70,
Jungsan-ri, Pohang-si, striation 20/190
4 Gyeongsangbuk-do Gouge zone & cataclastic Shale Yangsan fault,
zone reverse, dextral,
i slickenside 280/84,
5 Gouge zone & cataclastic Andesite

zone

5 R-facture

Yangseong-ri,
6 Yeongdeok-gun,

Gouge zone & cataclastic

Andesitic tuff

Yangsan fault,
slickenside 260/88,

Gyeongsangbuk-do zone striation 12/350
7 Sowol-i, Gouge zone Sandy shale Yangsan faglt,
Yeongdeok-gun G ne & cataclasti reverse, sinistral,
8 Greonasansbukedo ougezone & calactastic | gandy shale slickenside 140/60,
veongsang zone striation 16/198
9 Samnam-myeon, Gouge zone & cataclastic | Sand stone & Yangsan fault, normal,
Ulsan-si zone shale slickenside 328/85
10 Gouge zone Granite Ulsan fault,
Maegok-dong, reverse (thrust), dextral,
11 Ulsan-si Gouge zone Granite slickenside 322/20,
striation 12/086
Habuk-myeon, .
12 Yangsan-, Gouge zone & cataclastic Andesite Yangsan fault,

Gyeongsangbuk-do zone

slickenside 310/90

Ipsil-ri,
13 Gyeongju-si,

Gyeongsangbuk-do zone

Gouge zone & cataclastic

Hornfelsic rock

Ipsil fault,
reverse, dextral,
slickenside 092/86,
striation 48/328
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(a) Fault gouge of about 30cm in width

S kst - ARE - 4184

(b) Striation on the slickenside

Fig. 2. Outcrop photographs of the area where samples 10-11 were collected.

Fig. 3. Outcrop photograph of the fault zone in the area where samples 3-5 were collected.
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Table 2. Size of the shear boxes and normal stress conditions for the direct shear tests.

Shear box Diameter (mm) Height (mm) Normal stress (kPa)
Type 1 60 20 53 107 161
Type 2 80 30 30 60 91

(a) Setting the porous insert and the

) (b) Shaping a specimen
drain plate

(c) Inserting the specimen into the

(d) Saturation

lower mold

Fig. 4. Procedure of sample preparation for the direct shear test of fault materials under the drained condition.
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(d) Passing each specimen through #10

¢) Saturating the specimen
() & P and #200 sieves with water

(e) Collecting each specimen filtered (f) Measuring the dry weight of each
through the #10 and #200 sieves gspecimen

Fig. 5. Sieving procedures to weigh each size fraction after the direct shear test.
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JA’ = by+byx, +byx, +
(C]I(x3:30)+ Cz[(x3:5owo> + C31(x3:9l~ o9 T C4[(x3: 161))
3

Table 3. Results of the multiple regression analysis, showing the regression coefficients of the independent variables for each
model.

Model No. Estimate Pr (> 1t)) I?— (Sjil?;:f:d p-value
Intercept -3.3365 0.66
l\?g‘i%)l Gravel 1.6179 324 x 10710 0.4794 1.767 x 10714
Normal stress 0.4022 490 x 107 ™
Intercept 140.56615 2.90 x 10717 ***
Model 2 Sand -1.11068 0.00101 ** i
(S+CHN) Silt/clay -1.73127 440 x 1071 " 04983 14810
Normal stress 0.40416 251 x 107 ™
Intercept 7.8147 0.424992
Gravel 1.6043 1.45 % 10717 ™
Factor (o,=53) 6.8078 0.515753
Model 3 — —12
(G+6factor) Factor (,=60) 18.5688 0.165140 0.4672 7.714 x 10
Factor (5,=91) 31.9430 0.015241 *
Factor (c,=107) 35.9551 0.000997 ***
Factor (c,=161) 51.2316 5.88x 1070 ™"
Intercept 149.1268 279 x 1070
Sand -1.0162 0.00398 **
Silt/clay -1.7181 1.56 x 10710 ™
Model 4 Factor (c,=53) 3.0712 0.76658 0.4919 2636 x 10-12
(S+C+6factor) Factor (c,=60) 17.7965 0.17319
Factor (5,=91) 33.2388 0.00996 **
Factor (5,=107) 32.2197 0.00271 ™
Factor (c,=161) 49.8639 6.53 x 1076 ™
Intercept 59.6279 442 %1071
Gravel 1.5693 131 %107 ™
(é\ﬂ}itjr) Factor (5,-30) 2512006 532%10° " 04718 5.914 x 10713
Factor (G,=53~60) -41.5902 433 x 107 ™
Factor (5,=91~107) -16.3388 0.0366 *
Intercept 198.5537 933 x 1071 ™
Sand -1.0355 0.0024 ™
Model 6 Silt/clay -1.6871 1.58 x 10710 ™ 04934 5078 x 10-3
(S+C-+4factor) Factor (5,=30) -49.9417 6.00 x 1070 ™ ‘ '
Factor (c,=53~60) -43.1161 125x 107 ™
Factor (c,=91~107) -17.2462 0.0247 *

¥ Pr (> [tl):0<** <0001 <**<0.01<*<0.05<.<0.1<<1 (signif. : < 0.05.)

% signif. : p-value < 0.005

% G : gravel, S : sand, C : silt/clay, N : normal stress, 6factor : N = 30, 53, 60, 91, 107, 161, 4factor : N = 30, 53~60, 91~
107, 161
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Table 4. Multiple regression equations for each model.

Model no. Multiple regression equation
1 5/ =-3.3365+1.6179x, +0.4022x,
2 5/: 140.56615—-1.11068x,—1.73127x;+0.40416x,
3 y = 78147+ 1.6043x, + (31.94301,, -1, +35.95511,, -+ 51.23161,, - 1))
4 y = 149.1268  1.0162x, — 1.718x,+ (33.23881,, o1, + 32.21971,, -7, +49.86391, 1s1)
5 3 =59.6279+ 15693, + (= 51.20061, - 30,—41.59021, -3 60— 16.3388 1, 51 107))
6 y = 198.5537—1.0355x,— 1.6871x; + (—49.94171, 3, 43.116 11, 50— 17.24621; -9 - 107))

J;: Shear strength, x: Gravel, x,: Sand, x5: Silt and clay, x4: Normal stress
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Table 5. Measured and calculated shear strengths of each specimen.
. Measured shear Calculated shear strength (kPa)
Specimen No.
strength (kPa) Model 1 Model 2 Model 3 Model 4 Model 5 | Model 6
1 60.891 90.866 83.227 79.710 72.859 88.364 72.726
2 31.721 39.579 47.661 26.165 37.562 35.988 43.709
3 177.015 97.790 100.706 101.016 102.380 99.286 102.075
4 79.869 73.155 73.146 70.349 71.066 70.684 53.987
5 144.021 85.823 86.089 89.150 87.623 87.679 87.694
6 165.118 111.239 103.806 108.112 100.094 107.624 83.103
7 50.105 43.476 48.250 42.132 49.710 41.996 99.020
8 49.460 51.190 56.232 37.678 45533 47250 51.770
9 22.518 56.899 68.420 63.180 79.649 66.200 52.215
10 31.721 27.374 35397 26.165 37.562 26.377 86.825
11 44.687 43.609 46.029 30.161 35.118 39.896 41.670
12 30.069 55.119 58.499 61.415 68.693 64.474 41.942
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Fig. 7. Correlation between the measured and calculated shear strengths with the coefficient of determination.
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