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An Experimental Study for the Hydraulic Behavior of Artificial Rock Joint under
Compression and Shear Loading

Hee-Suk Lee, Yeon-Jun Park, Kwang-Ho You, Hi-Keun Lee

ABSTRACT Cyclic shear test system, which is capable of measuring flow rate inside rock joint, was established to
investigate the hydraulic behavior of rough rock joints under various loading conditions. Laboratory hydraulic tests during
compression and shear were conducted for artificial rough rock joints. Prior to tests, aperture characteristics of specimens
were examined by measuring surface topography. Permeability changes under compression were well approximated with
several hydraulic model. Hydraulic behavior conformed to dilation characteristics in the first stage, and permeability
increased with increase of dilation. As the shear displacement progressed, flow rate became somewhat constant due to gouge
production and offset of apertures. Hydraulic behavior under cyclic shear loading was also influenced by the degradation of
asperities and gouge production. In addition, the relation between hydraulic aperture and mechanical aperture under
compression and shear loading was investigated and compared.

Key words : Rock Joint, Cyclic Shear, Permeability, Aperture, Gouge
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(b) A schematic view and dimensions

Fig. 1. A view and dimension of representative rough joint specimens
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(a) Drawing of shear box
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(b) A view of experimental setup

Fig. 2. A drawing and a view of experimental setup for hydro-shear test
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Fig. 3. The diagram showing procedure for aperture
determination

(n) Front view

(b) Side view

Fig. 4. Schematic diagram showing principle of hydraulic
tests and sealing. (1) natural rubber, (2) diastone
grout, (3) platen, (4) reaction rod, (5) wrench bolt,
(6) inlet, (7) outlet
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Table 1. Statistics of initial apertures for artificial tensile
and flat samples

Sample Ean o, Standard | S Coefficient

No. {mm) deviation (mm) (mm} of variation
GH4 0.7733 (.3444 2.1136 0.4454
GH13 0.6052 0.2927 2.6245 04210
GH24 (.5213 0.2096 1.7280 0.4021
GH41 0.5363 0.2373 2.6061 0.4425
MHI 0.543 0.2460 15369 0.4530
MH27 0.5834 0.2669 1.625 0.4575
MH32 0.6708 0.3122 1.8801 0.4654
Flat joint .11 0.0488 0.35 04160
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{a) Aperture distribution
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{b) Histogram plot

Fig. 5. A typical aperture distribution and histogram plot
for artificial tensile joint surfaces of granite

7] difelct HEE] HFE 7+ Esaki B(1998)
o] 9F4e] AFol g FH AL uisT HAE R
g2or], Hakami $(1996)9] A" zlof i S84
FRche o2k & 3hE Bk iy e AsE A
A7) Eo] wiolr} Ao} glovw 7 Bxe) WA
EFUA7E AFAE AR vl "y A FAsA
ebgo)

Fig. 5% 3t 49 A 89 27 7+ B 239
32 Y4 Bt dlar sl s vepd Ao} 25 7
F EX7 A deniol 44 PRHoE B¥sin
Ues ¢+ YUt BE Ay 3] slagage g
Ao viehd A5 Bl ofs & TAE $ glglen
o] Hakami(1995)7} el Aol digl] B2ag v4s
A x| goh,

32 YasEslY SN HE
Fig. 62 249 $480 e 9957 45
£9 BASE BT 2ell4 QE HEEL HE
A 58 12 Lhebich 28 ol % eEE
Fololl we} H5Eol RaAg. ¢4F 2ololE T
Fae] RHBA Aol mz, $EEL FAN 2o
on] 58 F7loll we} 7hiEe] B Holinh. 74

J.. f“l‘*



30

10
] GH21
—D— 1st Cycle
—e— 2nd Cycle
I
1)
@
"
A
kS
g
\\».
g _0.\_“.___'-“_“‘.‘ :E
10 Y T T T —
0 1 2 3 4 5
Axial Stress (MPa)
(a) GH21
10"
MH32
~—0— 1st Cvcle
—e— 2nd Cvcle
—~ 10°4
Q
]
2
“E
2
z
O 10] -
—e
.
‘““Y"."\'\—r:ghg
10 T T T ; v
0 1 2 3 4 5
Axial Stress (MPa)
(b) MH32
Fig. 6. A typical hydraulic test results under normal
compression

Z2 (0.5 MPacll A 5 MPa7hA 2] W QlollA 31739te] 7
£ 20~3080 A% Axslgdon, dlglde S 15~30
Wl A= g, g g 4o 27 f-58l 3

ARk} vhet 2| bRt 1Al F710l le) 24
F71E SEB0l 271%E] A ET A A\Zato]
A o) 2 el Aksalo] SEsicha 714
ghoa oby ele] FEAERE A4 459 AA=A
o] Watamz thes} Zo| T 4 ek

K = (€)pg )

T 12u

A, gv FYHNEE, pe T A =0l
Q/4h =C(e)’ V)

A7NA QuarE B9 $5% $EE, CE JUF5
A% gt ol BeUrh

c=(2)) ®

od7]4], W AeH f-5 2de] vujelx, L2 Zof¢]
o} A FREEE A9 A7 239 Folug,
B oA o] & ILfr FAlS (intrinsic permeability)
2 Ao A stsict

259 o] e Z§ F5AF F4HE 718 Ak
d 2dE F way "ol HL Gangi(1978),
Gale(1982) 2| I Swan(1983)0] Ak 4333 ¢
28 (Table 2 #F2)s AHE3sle] v]438 37 E4 (non-
linear regression analysisye- AAIsIlch. E2Q A&
of] tH3F =l A58 Table 20 T-E3.0™ 3ol
w2 A af FeAlT F4A9 SHEE 2 A
£ Fig. 70l EAIS ). ojie] 2elo] A3}l &

Table 2. Properties and parameters in several hydraulic models

Model Gangi(1978)
L Gale (1982) Swan (1983)
Gn " ’ * *
K= KO[‘ ‘(B) ] K, =po, ™ K, = K(C-MiIno,)*

Sample no. K, D n B a K, C M
GH13 0.00035 2059 9.95 0.00005 0.28 000007 087 0.11
GH2! 0.00013 18.26 577 7.34E-6 091 000003 053 020
MH27 0.00003 362 253 1.62E-6 1.68 956E-6 048 0.33
MH32 0.00024 23.84 11.0 3.52E-6 091 5.19E6 087 034

*In these models, K;

fitting constants.

J

is Joint permeability, K, is initial permeablity, O,' is effective normal stress, and all others are



20x10*
® GH21
o . Gangi Model
5 F e R [ Gale Model!
¥ -+ =+ Swan Model
2
% 10x10°
]
13
]
a
% sox0* 4
=
00 T T T T
0 1 2 3 4 5
Normal Stress (MPa)
(a) GH21
2.0x10¢
® MH32
o . Ganqi Model
E Bt N S, Gale Model
N =«-=- Swan Model!
2
:g 1.0x10° 4
[
E
-3
o
k= .
=) 50x107 4
8
o.0 T T T T

o

0 1 2 3 4
Normal Stress (MPa)
(b) MH32

Fig. 7. Normal stress versus joint permeability data
fitted with several hydraulic models
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Table 3. Comparison of several initial apertures

By laser| By .
Sample profile | Barton By fitting
no. Ist cycle 2nd cycle
Ey(mm) | E(mm)
Ey(mm)| e,(mm)| Eg(mm) | e,(mm)
GHI13 | 0695 | 0282 | 1.311 | 0296 | 1.161 | 0.256
GH21 | 0521 | 0289 | 0.349 | 0.162 | 0.315 | 0.054
MH27 | 0.646 | 0271 | 0.223 | 0.108 | 0.172 | 0.023
MH32 | 0583 | 0.277 | 0.347 | 0.103 | 0412 | 0.039
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Fig. 8. Relation between mechanical aperture and
hydraulic aperture for representative joint spec-
imens under compression
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Fig. 9. Joint shear behavior during hydraulic tests
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