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A Numerical Study on the Comrelation between Joint Roughness and
Hydraulic Characteristics

Seung-Joong Lee, Byung-Ryeol Kim, Sung-Oong Choi*

Abstract Roughness, aperture and filling material of rock joint are widely considered to affect the hydraulic
characteristics of joint. Among these factors, in this study, the joint roughness was examined with artificial joint
profiles generated by Monte Carlo simulating on the original profiles suggested by Barton and Choubey(1977).
Original profiles and revised profiles were combined to establish flow channel models, in which the hydraulic
characteristics were analyzed numerically on the basis of minimum aperture changes and flow channel shapes.
Maximum flow rate was identified at the growing point of flow area after passing through minimum aperture
generated by the two profiles, and it was resulted that maximum flow rate is inversely proportional to minimum
aperture. Maximum flow rate per unit area showed different values because flow channel shapes and minimum
aperture locations are different in each model. In flow channel, mechanical aperture showed approximately 1.07
~ 3.00 times larger than hydraulic aperture. In this study, mechanical and hydraulic aperture were concluded to
be closely related to A, value, and their relations can be denoted by e, =0.5194"™% and e¢,=0.61824*",

respectively.
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Fig. 1. Roughness profiles and A4; corresponding to JRC grade
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Table 1. Water property used in numerical simulation

Fluid Water

Density (kg/m®) 998.2
Viscosity (kg/m < s) 1.0 x 107
Bulk modulus (GPa) 2.0
Permeability (m2/Pa « s) 1.0 x 10™
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Fig. 6. Flow vector for JRCy 45 flow channel

<= A, & 2 AR
2t fEAd ol ol EP‘—“MI
urehdt) E5E 24 2R 9IA7F Rl o2
an, ofof whel GRS Ho| {58 E3F vt
ohE S vEhdich

422 §EAE Yol HE FARASA o) st
9Pl g ol o] shito] $lxlsk ol mast
21o] gl et §EAEe] Bde] thay] whol,

BT 4, %S 2w UollA] ety 715t el
H 7152 ke Lrepdick

Fig. 92} Fig. 1002 315} 4= Q1%0], JRC 3 S5+F
ofste] kg 2t BUSL che wuSe ula) ojsky
Uk el U0 WA A 2 A
JRC 4 53 o] (ke 76 BESS 1 WA ¥
2} 3 ek 2 SRS old ojskd 71
3} 2l 7159 A4 PAL ek RUSE RO

Sg0] oke WASER, o5y 792 0743 mm



182 Aelwl AA7\e Selsae] dakel B SAAAA AT

35
O O OMechanical aperture O O OMechanical aperture
25— & & & Hydraulic aperture [ 4 4 & Hydraulic aperture
— (@) 0=
£ L £
E E b 9
g g
220 — 225 —
T t
g g
< < L
g0 B
§ ‘20—
B 15— 5 | o}
= o) =
o o
£ T o) 015
B g | o}
E.w [y B
I
o ¢ o -
05 ‘ ‘ I | | 05 | | | |
0 2 4 8 8 10 0 2 4 5 8 10
A (degrees) A, (degrees)
(a) Minimum aperture: 0.2 mm (b) Minimum aperture: 0.6 mm
40
L O O  OMechanical aperture
4 4 & Hydraulicaperture
35 —
e L
£
© 30—
5
= L
[
[=%
o5
o
9
C |-
o
ey
3 20 —
=
@ L
2
215
o
Eal |-
T M
10—
05 I | | | |
0 2 4 6 8 10
A, (degrees)
(¢) Minimum aperture: 1.0 mm
Fig. 7. Mechanical/hydraulic aperture for A4, value with different of minimum aperture
2~ [e) [e) = 2 o — 0.239 2
~1.113 mm, 2|4 7F& 0.697 mm~0.798 mm 2] TAE el 1, 83 7H2 ¢, =0.61824,) % (R* =

HE Woll 2223th(Fig. 9). WhH o HAE vEhy
= B952 JRC 10 3ol st mEdsoln, o
kA 78 1.843 mm~3.508 mm, £3& 7S
0.943 mm~1.169 mm 2] H<¢] o] Ex3IcHFig. 10).

Fig. 1128F I 4= §lzo] a4 71=-=2 0.743
mm~3.508 mm ¢, =84 72 0.697 mm~1.169
mm He} Wof Fazsh, Jaka] 152 2% 15
]3| 2|2~ 1.07 Hljoll4] 2 3.00 v} A= & Aoz
ERdth(Fig. 11). 2apdor 2 S2jsAox A4
A, A I8k =S e, =0.5194) 7% (R? =0.766) 2]

0.766)%] TAE treki= ZLo® EHECE 4, gt
T OREO] AR ulmA e B =07669] 4TS

Upepit.

423 ¢,/e, & A, 7o AT

A EAE A iE A e sk 1=
o] Bl(e, /e, )2k 4; gro] WHAE Fig. 129} o] 1}
RO, ¢, /e, 2 A, Fol S7Fdl weh dashe
dde 2tk



B 2|5kt 183

W

Min. aperture = 0.4 mm

Max. flow vector =
2.751x10* m¥/s

Flow vectors
max vector = 2.751E-04
L1
0 5E -4

(@) JRCy 45—t

Mm
t

Min. aperture = 0.4 mm

Max. flow vector =
4.065x10* m?/s

Flow vectors
max vector = 4.065E-04

0 1E-3

(b) JRCh— 46— us

Fig. 8. Flow vector for JRCy_ 4, flow channel (minimum aperture: 0.4mm)
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