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A 3-Dimensional Study on the Estimation of Equivalent Hydraulic

Conductivity of Jointed Rock Mass and Groundwater Inflow in a Tunnel
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e 4 EAEA 24 7IHE B3l dY dutolA Y S FEdEES BHE Wl AT
THZFE dZsc 2dE5A B MY E 53 g K52 MY o EASEE 23 eR
LAAAA A S A HE 2349 HAN A JdAHA g BASHE AA 3AY TR E dF
2 5 W] dEe 2ad MY dae 334y s Aet e Aols: AYA €oh. wEkA 3x4
del 7Y @4 T2 3G fdate] 239 slAMe] A dHE Bastax stdnh dee £8F
HTo] 42 d¥FBo2 JMAsy Folg FEXE waz= Hae 4, Fisher £X& HEE Ao
BFA, RAHFRE, SAFEE T AuEEE g2 FEd9 A4S ol&3te 3x44Y Hy 24
H Z2a9E Estdnh. 2 gzt AN 2AEY Askee sFo] BASA ¥E B
g Hdulg AAse 949 Agutez AR 3349 ddds FESAY. oA wrEoA 33
4 AdolA £ AARP oste Hazl dwre $8lH E % (hydraulic conductivity)E ZAsHE
A Mg st T3 98 By 23 A BHY WEE fdHe Asted & dEsded,

2.329 de] 2d 2 =239 AW

33 de 2l Mg fdME dele 34, FAY 9A, 434, 2718 ZAdk 99 A
2o B4e AR AFHVE A9 BrEsEe dndoz gaddoly 4%, ALY, d48E M
g thDershowitz, 1983). ¥ AFoire dHelg d¥HBoz 7Hysignh 948 2l F57 959
TEol gl WEe] Aue H4, AR AV, WA oW 2dyo] shgsith aea dee 44
4& detd o $3hA FIZo) foldk Flol vk ey T4l YA Xl EXE wEna 7t
At & de FAY AxNE A4F SyHor @A BT oudd. dee wagde
Fisher £¥& A&t BAAZ T dele) AR A BFe] Lrissinzg =54 2349 5
of uehd Hzl AFHZol(trace length)E o€t A2z FASH(Warburton, 1980;

Villaescusa and Brown, 1992; Zhang and Einstein, 2000)

olate] &4 ulglto g 3x9 Fe ma LA == 73 3DJG3D Joint Generator)E &Sl
2239 3DJGY d¥AsE AAE =239 JDP(Joint Data Preprocessor)®l Az A EE A8
oo dAel =2 JDPE A AAb, AAE dHy AFHZolE J¥utet b M EE Fisher
BXe FHE, 47 AAY Hd AAbE, de A749 2xe 3y, gEAAE 93 B A7
AN Table 19 B2 A8 F A dA57t 60719 A$E o148t 30mx30mx30me] F Wl
A g $ANAG. 2 deel 2079 s 2AAA B 2dE g9 Fig 13 #oh
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Fig. 1. Generation of three-dimensional joints in a volume of 30mx30mx=30m.
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F Buie WA $3Ae TU 292 4o el FAAA wARAe FA Ao @
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A FE B 4AL wA 274 Bt wAsEAS oot A4z dewe u §
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AZFojof drh. webr 274 o] e} HErt dAH AAWHY dBEE FHofete do] Basir
AA 2o A28 g Tt e Al didte dEE P, TAE FRRRE 24 oY dddE A
2 g st A4l gl dEe MM Agazit aga FA% wyA g YR AA
g (L e g, 2000)
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(2) 32k4 49 ity FYPAER

e gt e FRdEEE "y 7aetHe £ 540 o3 Body R ooldde ZA
B} 2 Ak AgdAE Table 19 e A8 E o430 30mx 30mx 30me} F9o] Hej4s 2
AT o] dY gt FHEEE Pt e 9 Jvld g FYARxe Wi e

B71 fsted & 307K, 6070, Q0 Z F7AIA HAA A
BAZALE FUAREE FaHE WA £2A @ dde] ZF 40m, 10me FFE FAL
mA Hole H¥HoE Wae AARAE A

i

(3) 339 el gw W B4 Ake #e A 49

S
o
=2
j rxﬂ_,
%

Hd iz §ds5s Ased f3FE Adstzl 915t Table 19 dr A8E o] 8349
30mx30mx30m & FHol dAFg LA o] Feo] A 2melA 10m7tx o] dFEEe B
FXF)oz AN (Fig.2).

dele o Aste Fdwde BAE AHRr] skl deo £& 3070, 6074, 907 E F7HAA
Bgtow Bd Av|g Astg fldde] BAE AHBY] 959 B AR L 2molA 10m7HA
ImtA o2 A A

Table 1. The geologic data used for joint network

Total |Joint set| Number | Mean | Mean dip | Dispersion | Mean Standard |Distribution
number | number of dip (°)| direction joint size| deviation of
of joints in ®) (m) of joint size
joints each set joint size
(m)
1 10 86.0 254.0 16.37 11.74 1.67 Lognormal
30 2 10 48.3 15.7 23.72 8.66 5.61 Gamma
3 10 70.2 329.2 24.01 6.18 Exponential
1 20 36.0 254.0 16.37 11.74 1.67 Lognormal
60 2 20 48.3 15.7 23.72 8.66 561 Gamma
3 20 70.2 329.2 24.01 6.18 Exponential
1 30 86.0 254.0 16.37 11.74 1.67 Lognormal
90 2 30 48.3 15.7 23.72 8.66 5.61 Gamma
3 30 70.2 329.2 24.01 6.18 Exponential
AAZAES 2de RBeNe $FE B Hmz FYT HARRNY £FE Eold I
ST 290,

Z (Elevation)

pe

X (East) Y (North)

Fig. 2. Circular tunnel in the joint network. a) 30 joints. b) 60 joints. ¢) 90 joints.
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Fig. 3. Variation of flow rate with increasing tunnel diameter.
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Table 2. The isotropic hydraulic conductivity Ks used for analytic solution

Total number of 1 gyl | Ky 110 Um/s] | Ka (107 m/s] K, [10™'m/s]
jolnts
30 25 13 2.0 21
60 2.9 21 54 37
90 75 71 10.7 8.4
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Fig. 4. Variation of flow rate with increasing tunnel diameter in the case of 60 joints by reducing
the isotropic hydraulic conductivity by 629.
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