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The properties of fracture system on road-cut slopes along the Busan-Ulsan express way under construction are
investigated and analyzed. Fracture spacing distributions show log-normal form with extension fractures and neg-
ative exponential form with shear fractures. Straight line segments in log-log plots of cumulative fracture length
indicate a power-law scaling with exponents of -1.13 in site 1, -1.01 in site 2 and -1.52 in site 3. It is likely that the
stability and strength of rock mass are the lowest in site 1 as judged from the analyses of spacing, density and inter-
section of fractures in three sites. In contrast, the highest efficiency of the fracture network for conducting fluid
flow is seen in site 3 where the largest cluster occupies 73% through the window map. Based on the field survey
data, this study modified weighting values of the RMR system using a multiple regression analysis method. The
analysis result suggests a modified weighting values of the RMR parameters as follows; 18 for the intact strength
of rock; 61 for RQD; 2 for spacing of discontinuities; 2 for the condition of discontinuities; and 17 for ground
water.

Key words : fracture system, log-normal distribution, negative-exponential distribution, power-law scaling, modi-
fied RMR
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Fig. 1. Geological map of the study area.
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Fig. 2. Window map of the road-cut slope at site 1. (a) Photo mosaic of the slope of the window map. (b) Detailed sketch of
fractures on the slope. The attitude of the slope is N30E, 50SE. Numbers in (a) represent each window.

Fig. 3. Window map of the road-cut slope at site 2. (a) Photo mosaic of the slope of the window map. (b) Detailed sketch of
fractures on the slope. The attitude of the slope is N20E, 50NW., Numbers in (a) represent each window.
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Fig. 4. Window map of the road-cut slope at site 3. (a) Photo mosaic of the slope of the window map. (b) Detailed sketch of
fractures on the slope. The attitude of the slope is N20W, 45NE. Numbers in (a) represent each window.
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Fig. 5. Equal-area lower hemisphere projection of fracture sets at sites 1 (a), 2 (b) and 3 (c). Dashed lines represent the

attitude of slope at each site.
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Fig. 6. Cumulative frequency distribution of fracture length.
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Fig. 7. Fracture spacing distribution at sites 1 (a), 2 (b), 3 (¢).
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Fig. 8. Histograms showing the number of intersections
between fractures in each window at sites 1 (a), 2 (b) and 3 (c).

Table 1. Distribution of fracture trace architectural types.
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Type Site 1 Site 2 Site 3
A 7 0 0
H 24 13 5
1 304 96 92
K 16 3 6
T 149 74 118
A% 13 7 7
X 95 27 70
y 524 249 304
+ 20 12 24
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Table 2. Analysis result of variance.
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Table 32 F88 JAAFE AT Aot 97]
A folgE EA 0.00520 FE 3E 7ok A
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A9t Table 2014 4 H 3)7]2]o] folg AoZE 1}
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49 ARATF(modified A7 191 ke gd8E
o] 3| FAITE= AL A "ok 2843 394
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Model Sum of Degree of Mean square F Sig.
squares freedom
Slope angle Regression 1.185 5 0.237 11.123 0.003
Residual 0.149 7 0.021 - -
Parameter of
Total 1.334 12 - - -

RMR
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Table 3. Verification result of the inferred regression coefficients of each parameter.

Unstandardized Standardized
Model coefficients coefficients T Sig.
B Std. error Beta
Constant 2272 0.640 - 3.549 0.009
Slope angle R1 -0.042 0.0023 -0.286 -1.858 0.106
R2 -0.054 0.010 -0.970 -5.149 0.001
Parameter of R3 0.0008 0.041 -0.038 -0.205 0.843
RMR R4 -0.004 0.017 -0.038 40250 0.810
RS -0.035 0.023 -0.265 -1.504 0.176
Table 4. Result of a model summary.
Model R R? Adjusted R? Std. Error of Durbin-Watson

the estimate

Slope angle

0.942 0.888 0.808 0.14595 2.018
Parameter of

RMR

Table 55 F3E AAATE FHsl] Fass Ut 2 542 FEAFRQD) WiHo] 61322 oF 3u)e]
Bl AoZA RIZ 18, R2E 61, R32 2 Ré= 2,  F7HE Ko {Z—}(pacmg)olx}&‘r Aajme) A A
R5E 1701t} o] 32 7} aaEo] AAkzd mixle @ o} wido] 2402 & #4ag B Aot RQDY =

3, F QA 7HRE A9t = = I B29) =7 (block size)7t
o] 2748 EUZ Table 614 F48¥ RMRA 7 B oApxge] 3ty EAo wig & 9Ig e

Fo] RMRY HA Al tiste] Hlasidet. 242t olm3it}, RQDY B4 Zolrt & At EAE

HAe AmEd FAge Je= 1gdes 3o & 79 It Z}Ole Hojw 7u g} AA AREE

712 B3, RQDE 61402 oF o] Z71E B H]

o, 7+ 5 2e|He] deHe 230E & A Holy, g0 etlﬂkﬂ 23"/&*1 Aidoz o vgg Bl

A 17828 2389 2718 ol i} olg} 7+ ), set2, set3v ZH2} 47%2 41%4 Eo

o] A7A9e shalbFA F4E RMR wide] 7 o}, &gk HEe] MEAL & F08 AT A EP@‘

Table 5. The determined coefficients and quantification result of each RMR parameter.

Explanatory variable Standardized coefficients Determined coefficients Quantification
Rl -0.286 0.18 18%
R1 -0.970 0.61 61%
R3 0.038 0.02 2%
R4 -0.038 0.02 2%
RS -0.265 0.17 17%
Sum 1.597 1 100%

Table 6. Comparison of the parameters between the preexisting RMR and the modified RMR.

. Rating
Variable Parameter RMR Modificd RMR
R1 Intact rock strength 15 18
R2 RQD 20 61
R3 Spacing 20 2
R4 Discontinuity condition 30 2
RS Groundwater 15 17

R1+R2+R3+R4+R5 RMRb 100 100
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(*=0.808) 1)

E 9

Priest?} Hudson(1976)°] ofe]ZAL AAE Ediz A
A7 B0t ke £Y @ SAs 2XE EE
EAHoE HoF o, Rives et al(1992) FAKH
o =& Aeair Al 749 Al HEE &
R BE, AT BE, A7 £¥9Y 7R §32
2 A= Qirk. £ "z BExe 4 A3
A NEEE 2oAF BX9 U5 235 I B
AET SR X 9 oRTFolME A
7 B49] Ferr} 22 7k Agrt 2AE 58
T 7] Wil &l A EEI} g2 4 Qe
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Table 7. Values of the preexisting RMR and the modified RMR for the study area.

Study Preexisting RMR Modified RMR .
area R1 R2 R3 R4 R5 RMR RI R2 R3 R4 RS Modified ~ Difference
(15)  (20) (20) (30) (15 (100) (18) (61) (2) 2) (17) RMR(100)

1 7 13 8 19 15 62 84 397 08 1.3 170 67.1 (ER))]
2 12 17 8 17 10 64 144 519 08 1.1 113 79.5 (15.5)
3 7 13 8 20 15 63 84 397 08 1.3 170 67.2 “4.2)
4 7 17 10 21 7 62 84 519 10 14 79 70.6 (8.6)
5 4 13 8 13 15 53 48 397 08 09 170 63.1 (10.1)
6 7 17 8 16 15 63 84 519 08 .1 170 791 (16.1)
7 4 3 5 19 15 46 48 92 05 1.3 170 327 13.3
8 4 3 5 15 15 42 48 9.2 0.5 1.0 17.0 325 9.6
9 7 3 8 16 15 49 84 92 08 Lt 170 36.4 12.6
10 7 3 5 17 15 47 84 92 05 1.1 170 36.2 10.8
11 7 3 8 17 15 50 84 92 08 1.1 170 36.5 13.5
12 4 13 8 15 15 55 48 397 08 1.0 170 63.3 8.2)
13 4 13 8 10 15 50 48 397 08 07 170 62.9 (12.9)
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Modified RMR = 2.1366 x Preexisting RMR - 60.106
. (R?=0.797 }

40

Preexisting RMR

20

o 20 40 60 80 100
Modified RMR

Fig. 10. Correlation between the preexisting RMR and the
modified RMR.

25 Zoltt, o]F 709] A4 42 71¥E9] RMR#
B A7 sheke ghtol 23 A|ekE RMRAL]
FAE Belsly, olF F3) 3 AE RMRS] AA
e ASS & At

ol 3] 44 ok RMRF 712¢] RMRY &7

Modified RMR =2.137 X Preexisting RMR - 60.106
(R?=0.797) )

ol#g e IYARI A 204 ol AlE 7t

g & glom, ol AY - AF ANl APl F
2% JUe MY 5 Y Ao Yo

4 &

o2
-‘m
i

e

)

£ oHr rir oy
N,

NIOES) 3¢ 7103 SHF A
o wus, /14 BB L
sl WHlE N3SES SA-gA el @
2Ao 7AEgeR 1 9] off wFoA
S LR CERER It

o €l
S, ol
o, o

e,

i %

oft off

:

gus

v
=
t
1o,
o
o

;
E,
oy

o ]
AU
ificd
o 2
o %
=

N,
&
el
Mo
T
£

=y
v

Ny
=
Hr

AE 7t oM e 7
&

EE TS, AdaEe

°
do |t

¢
o ¢

o
Y o

o] FANE B Telr] FAe] Hap7io|
1748 -1.13, 2% -1.01, 374 -1.52¢] R<& 74
o g rHEEE AAE

DAY T2 e ZARIER A ARl 25 A
GAE S AR y¥o) 7P TR vERdT 2
it 32149 A4 OiiE AdTdelEME y3 &
A she Ao AgEth 1AFF AR e

o

)

)
2 el B ARz FEshl S

gow Az,
Shite] s AEelE o 1A BELZel 7}
# xdeky AR A AW F M g0 3ERE
Uehde, e 7 mAe) S 7

= 2

At /- e A A F 9del 7
;5—1'

ZEJ

N R
rlo

o2
N
o ik

fu o
o
=)
H
Iy
HE
o
32
&
Y
1o
?
p
N
R

g o fAlolse TES ¢ Hrieks gE 3%3o]
7 Ea 241-0) L tgelH 1XF 0] 7P Rt o]
33 go) AiE oz dde] Aoyt 71 AEe] Be
o]E0] M2 Azl FAshs A SuzElVt &
HEZ A AGell 25 Bxsa 7] Wiz &
dct,
FE, eze] ddsle it A9S dgeR
RMR EF323} APAZAIRe] #A1E 71802 7} 3
2 23 = wjde
Itk Fase 72 ERIRER AARe] AASAE
At A7 oM, RMREF xke] B4 aid
e omgit}. o)= 7] RMRERE 74 Aol
RMR?] WiH-E Uehlls 21024, Bojdt 32 RQD
o] Z8 w7} 71& 20890 61HL R 3} Z7EIRAL

4y e 2 oAr

A=

I
i3
ofy
il
gﬁ‘
o
o
|
4
tio

o

ol

Bosm s BAgH 2702 203, 303004
dom F43] 7tAsich ols g WEAFelA
T EA&H 7o) mie S HISR P2 LER
3 BASHY] 27 Ee AR PP ez |
Heo] "olx] APHAALY WAE FRETF HE AL
2 3N < 3ok

A A

B 7 20064 FFADAALTA] F Al
AT AT YA o)) AlE E



494 el - ol - AL -

th opel A £ A AR HRlE =
o) FEAZSATE BN 2ok AP &,
£ a7 dF W8 20079 F=AEAEATY 7]
EARY] dgoz )i

i
ol

12

ror

SR, oA, 21%97], A4S, W2, 1978, A
& 5 - QUIEZ (1:50,000), AFNEAFA
AN, A3y, 283, A8, 2006, RS oA
o2 thi® %3} 7ES $-83% RMR A

g 7HEA Ak AEFE, 16, 85-96.

Cladouhos, T. T. and Marret, R., 1996, Are fault growth
and linkage models consistent with power-law dis-
tributions of fault lengths?, J. Struct. Geol, 18, 281-
293.

Dunne, W. M. and Hancock, P. L., 1994, Palaeostress
analysis of small-scale brittle structures, In: Con-
tinental deformation(edited by Hancock, P. L.), Per-
gamon press, 101-120.

Flodin, E. A. and Aydin, A., 2004, Evolution of a strike-
slip fault network, Valley of Fire State Park, south-
ern Nevada. Geol. Soc. Am. Bull,, 116, 42-59.

Hancock, P L., 1985, Brittle microtectonics: principles
and practice, J. Struct. Geol,, 7, 437-457.

Mansfield and Cartwright, 2001, Fault growth by link-
age: observations and implications from analogue
models, J. Struct. Geol., 23, 745-763.

Odling, N., 1997, Scaling and connectivity of joint sys-
tem in sandstones from Western Norway, J. Struct.
Geol., 19, 1257-1271.

Priest, S. D. and Hudson. J. A., 1976, Discontinuity
spacings in rocks, Int. J. Rock Mech. Min. Sci &
Geomech. Abstr. 13, 135-148.

Ramsay, J. G. and Huber, M. 1., 1987, The techniques of
modern structural geology, Academic Press, 700p.

Rives, T, Razack, M., Petit, J. P and Rawnsley, K. D.,
1992, Joint spacing: analogue and numerical simu-
lations, J. Struct. Geol., 14, 925-937.

Swanson, M. T, 2006, Late Paleozoic strike-slip faults
and related vein array of Cape Elizabeth, Maine, J.
Struct. Geol., 28, 456-473.

Twiss, R. J. and Moore, E. M., 1992, Structural geology,
W. H. Freeman and Company, 532p.

2007 99 3¢ ¥™=r, 20073 99 159 AR

A18A - 283

Heje

A5 ezt s A2 skt
702-701, A B AAEE 1370
Tel: 053-950-5361

Fax: 053-950-5362

E-mail: twchang@knu.ac.kr

Jis
Gystolan

462-120, 73715 AgA S99 AUdE 190-1

Tel: 031-776-0682
Fax: 031-776-0688

E-mail: walktorember@nate.com

aE=

A DAL A2 SR AT
305-350, HAA] f47 7P8E 30

Tel: 042-868-3052

Fax: 042-868-3415

E-mail: bgchae@kigam.re.kr

MEM

Zugiska 2| 7aAAH

361-763, F5 FFA FYT HAE 12
Tel: 043-261-2765

Fax: 043-276-9645

E-mail: ysseo@cbu.ackr

zE#

FFAAALATED A FAA A
305-350 thEA] f45 718%F 30

Tel: 042-868-3059

Fax: 042-868-3415

E-mail: choych@kigam.re.kr



