7D FhEREHDE

1 _RBUDIC
BhERBRTHREESFEOSILKMEIEML T,
BRER*BEETR25 97 F vy VEBRPRRERT
wal, ToFkid, #HhE o BMENDH L E.
Pr-—aks, BOB. BR)»SHEERVICERDEX
FEEKDLLbDT, RETIRET -7 L OLLBHT
btz Lal, EXRRIIRLIRNZHEELS
AABBOMSAIZ oV T, BRI AT RY,
FHFETIR, REEBRL L THABEORTMENSH
BEEENSA—-FrLl, BRBREFVERBERL L
%, BERENSEE,OEREREHELY Sy s 7V
YNBHRELELA, CoBE., HIHOESF0RY
CHEBLTHRELAE, 22, BEXEREEGBT 2860
BREGCOBEEBIS>VTHLREYIT- 72,

2. BEXR
ZATHEB MR E LAREEBRO 70 -2 F -1
At TLBRHFLBVALEZBEER-2R-1EFT,
H-LRT &I, REERIEREROBMEDN
FREEERESR. £ LB N EBFR T FVOFEMEE
WBITH» S BKEBEIEET MBS EI T 27N
BRIOBKFEIERTIHRS L OLoTWE,
REMIZR. BINBREROBAENS I

(FW - BB ELHOIRBAFSIAD )

EXMEICE T 2 HERRIVIRE

KRR

(#%) KIBHRE
AL

EEOQORBHUX
EE EEHBE

BETERROLR,

HRBAOBAENSERRORE
(FmM, FL—2gs, AOBEETS

MhEEEORE)

BERBUBRRECETLC
BARERKAOHE

A4
hRBEXREFIVOD
HrBERL RETERE &
239 F N
¥ L DBKENERE
HThoks
T E Y Y | gEmsnErs
sy seerterense I EL L L3 o
“““““““““““ HERESS
FEME 7 L O IER & I
AROLL 2 HNE
BROKHKFY D x :+KEZZ%1;£‘
NEA, WML Y | (Kot Xz
ORRS ) [ el R—| §

H-1 Bfro7o-

®—-1 BH&#o—%X

HoBER, FEUHOS GRS EETENK NREEE PL-ams T
- CASE P /md 1(m) t (mm) an
TEHLTENTIA- V2 BET 2, BIRERE Rt
)‘ 2|} oy b b +
FROEBIE. LongbY ORBRIKE MMIZ, B T Tan T e
2 4. 4, C 0.10 c o010
BErRESEBRELAWNEFE CERETED 3 3 6.
4 2. 2.
HicigEosFm. PL-28E, BOEXFEoET 15 1 R 0.0~0.2 | R 0.0~0.2
6. 6. E 0.75 E 0.75 o
MEERT D, ThIDBIRBWMAMOEL, E 25 2.
4. 45 E 0.10 E 0.10
KERIZOEMo T WENRBEXBNKRE, L2 g ?
H 11 4.5 4: a 0.13333 a 0.13333
H RRIEERR (Tx&?k*im 12 ] 65 6.
H ‘ H' M ey 13 2.5 2.
14 4.5 4.5 E 0.75 E 0.75
1 6.5 6.5
1 E 0.50 E 0,50 E 0.10 E 0.10
( T E 100 | E 1.00
> U 1 E 1.25 E 1.25 @
“—wing o R B 005 B 005
7777777 21 E075 [ E 075 E 0.15 E 0.15
W H Y RRIEERR (TEALR) 22 Eo20 | 020
L X 23 a 0.13333 a 0.13333
—
LEORFEADSFHLTT, C:—il (REE—EME)
(@) EREHEO O EREHO " R:—ih GHRLAHRE) B Ro%HH (i FE)
_ - . a:t=a-IDMETF L — AR E HET 55 A5 (BEi2an )
2 BATICRVAER S * L rERRGAE 20 BB D O HIET 5, *

XF A OB OEE)

—-344—




NOEL2ENBE BT, RIERBOXSTRYLW2ENERELFEMERL LTRBRL, FIE0D
EREFEOTTRERBRLT ). CHLEITOBRBLEXTEX, YHFEDOZABTITI, TORFE LT,
RFr 2 VOA, BUBMLAYORRSA. BIUEKBRRUUTKAETH)OEELXTI. —H. 7
Ty rF IR LEKRELEET 2SS, OREEENBLLRKD2E. QAR LAETOERER»S

ko2 EUUTRKET3), QIENDELA2BABOAL 6RO BLBEWLT
Kt +2), 03EHEET 5, 28, ARSETRUATR<B LI 124
THEFROBELRELTVWAOT, 7Yy Y VERFRETHLEV, T/, #
hEOEREREDL, EXKF Y INELI S v s 7 vV VOREYHRET
ZB/BUIOVTREER TV RN, S TREABORANERESD
PHFRERELABHEOHEII2EAVZ I LET S, LEoFEIC
N, A—0REFEMBOT TCHEOENBEEF v EER L, BEMEN
EV Ty FrIVNMEEIABKRBHOHEZBENET, LA LSEIRE -1
CRTE&r—ATEhTh5EMRNETbOLT D,

BERBITCR, B-2RT IO CERESUEERET 2, @R
XFEOBTOBEERLTEN., BREGEQELongs P 04T » - KR
BRLA, BRTHAKOELHHBTZ2I0THEZ, CoFE. BEREED
HKEHAERWABAORIZI=-H-H/LTH2, ChHICHLTER
£HEQEERTHADFHEHBT IO THE, B, $EIEL£TIi0m
X10m? BAFEH L L. H=10.0m. H=00m D # 7 > ¥ v VB L L7z,

HEXB TR, B-10X )& Ty — 20BN r—-22RELT
Wh, Er-ALbENRBEOEBFE(Ly ME2HFmME L, RIZERLT
ZuH, BEOSHREF-~ALIFE—-LLTVwE, XAAD»LOFHA
EEIRBERE. v M1, 2T 0 2 he0° (§ H45°~75%. —30° (#E
—45~_ 15— E L, BEXTAENRBOLy b T B, T2
F—2t 4200k y FOEKREEE, FL-ARE, MOEL —FK s,
ETEFOLEAEEREL T2, lhBEFEOEIR, Rouleaub?
HWEhEMWOANERRLEF L UMEELIHREL. PL—ARSDER
Priest5® # Rouleaub V0 MER R, 6 %E L, FMOBWASHICHL T
Rouleau 5 12 & % T35 58 0 18 (hydraulic aperture) D & # & 5 2, — 4
IR EALYRIZBER TR VZORICTTEER2REL 2,

3. BEXROBRCER

30 EKFERICHTIROABEAH LN BEEORVORER

SONOBREEBR,LLBONLENEREFNV, XF vy VEA, B
RS ORBESHER-3IZRT, ThIECASE9n—FiTh Y, #
hEFEIRIB0F/MZ, PV - ARSBEHEOTSmOROEHSA. FBO
B FHEOImmO RO ERSFOLDOTH L, BRELEDOO T TXAM
CEIKARYMALBEERLTWAEN, F7 0¥ r VESOMD S HHB
WEROIBIZPRAETERTOFMEAREL R L2 o T WA, TBMAK
ML) ORESHE»SIR, VOPOKRSLMBEAEBRELTVE I L
Hbohd, COBE, EERTOBUBBMY LI oKREROD L,
Q;=0.554X10"5, Qu=0.171X10~%, Q3=0.101X10~%, Q;=0.125X

—345—

(@) B LiBhETHN

FF v Vil
ik, EHMERORF v LHG
Fh #110.0m. 0.0m)
M80m ®60m A 40m Vv 2.0m

B KFryxVHAR
Bk BRI X5 1)

9.189x107°
- (mzlsec)
/

~5
N AN SN
SN 5

(c) BAUBMYSZYomBESAHE
(B KB R X @)

—3 MHFFR (CASE-9D fl)



104m¥sec Th b, tBHFRE-20Q~QOFHYELT 5,
B0 - A LHBLTHEERIVIEITHY, HhBEEE
PAE CHEOEOELDENAEVIEEHHREIE 2 oTWVA,

X — 412 (3CASE-1%* 5CASE-123 T DKy &Ko, B & UKy &
KfoMBEETRT, ThoHiRETEHMOEA010mmT. TO5MH
BPRLZ250THY, HERLABREIEr —A5@B 8L 72
BFWOZRETAXFBMIBKGRENA - bOTH B, /2, Bk
LA BREARONHESRELBRE I LTV RV,
Kald(Qe+Quza o EEL T B, -4k hid, IhBEED
SHRCHEOBOE LD ENKEVIIERAKI L TR MK E L
HIENbLD, ARL, HOBK L -ARS AT IHE
B, Mo HBEERTEA\BLUKOBENELLKES 2> TW
5, CHIFML-—ARSOKRELLDBEWMOHNB LR bR
FECHOBOKREVWDOT, KELRBAIEBENLLDEELS
nb, $RKotKeeth# T 5L, K 0B/l S 2 EHT
KD i3y HEAEVEERLTWA, Shidsih BHESEVE
i, MhOELZVELBOEEYHES 25D LELLRD,

-5 it MBELRAOMEEY, B—6i2d 2 v 07 vV A0
—KFRBFOLKAOHEBFEETRL TV S, Sh b HbCASE-1H 5
CASE- 128 TORRTH DM, MBENHLBERE(LBEITHR
KADMAEL L, RORKADHEMOBERAS{ BT b
D, TIFOEKADBGRD 513, FONEMIZE > TKANHEMT 2
EEA S50, FLFODEIZH L TKADEIZE L2 E05H5 I L
Hhhd,

1072 Ssis
T 0 B 0 % 2) i
i = S
lllag ] | 18 74;33
Rl YL 7 )
9 1073 5 2 ¥, ¢ FE
8 ; i &t
11
E HH -
8 ] I ® CASE-9
o & © CASE-8
N > bl © CASE-7
1074 i ® CASE-6
T :% o CASE 5
11 1t o CASE-4
s CASE-12 o CASE-3
& CASE-11 © CASE-2
& CASE-10 © CASE-1
10"‘5 JERITI (IR | T
1076 1075 107% 1073 10-2
Ka (cm/sec)
(a) Kpb Koo MR
107 2¢ = ~ iz
(X7 (8] O B34 0 35 &) T
|l
i -
i &
2 \ p
51078 SHa E/F 5l
& Byl S al i\fkﬂ 1
E e
) i ® CASE-9
- -~ © CASE-8
%] P © CASE-7
¥ 1074 (@:u, » CASE-6
Tt ';’h o CASE-5
il o CASE-4
4 CASE-12 ¢ CASE-3
& CASE-11 & CASE-2
] 5 CASE-10 & CASE-1
10’5 L J L L L L1l
1078 1075 1074 1073 1072
Kp  (cm/sec)
(b) Kapl& Ko Bk

-4 Kpk Kc,KCW)Ea@F‘:

KITE -4 B BKALKSO RO ER 4 F 22740, EHNE TIEHIET 2j= ~(hg—hy ) Ix(E —
2EB)OSFrBRERBAIBRPOROP—TR/ T, 287797 F IV VEBRBTR=ITHREL T
b, QICRTHERENREEZELHRIIKROTVIALD, —20HABLEBEBROEREFTAETLIHCL S

9.

ML LABRE R REZTRATV R, HD(@IECASE-30—FIT, FIhEEFEFIZ13.0F/m2L B\

BETHH, MOBRELENE L b010mmT—EThH2, TOBEHHERERIHAIEL . BIKGR jo

TEEHEI04TTH W EREE» LK T S

P$ADEI=100H12TH 5, Thic W= = z
3t L CED(b)IZCASE-9D—BFITH 1 . Aag
BIKEE jH00FEIERL T B, 1073 ==
CHRR@IETFLALOLEOBOSE  § m;'
DABRZDHOT, THLHIZHO 510‘47__., -‘ o
BOULOEHKREL %D LEKAR  § | - © CAsts
JRIKARILRECRED. 797 ool o Gase
PFYINOEENRIL L% % B, i1 ‘Ghsmiz ¢ OASES
32 BARBEHTSHREED [T L A o oases

EOVORE

MR (%
Kz, RERBITLVEREHOD *

0.00 005 010 0.15 020 0.25

B—5 MEELREKADOBF

BEOBKBEEERKDUATRL LT 3),

—346—

XA B OB DKL)

(em/sec)

Ka

1072
- z
AA
Aa
1073 &
E3
m.ul o
1074 I
I —— ® CASE-9
® T © CASE-8
| o casE-7
- = CASE-6
1075 =— w CASE-5
—= o CASE-4
A CASE-12 ¢ CASE-3
5 A CASE-11 & CASE-2
10-6 A CASE-10 0 CASE-1
0.0 50 100 150 20.0
FQ

H—6 FOLKpoB%
EFEDOBRFTOHE)



BEREBODHEEOKLE B L7, B -8iZCASE-TH 5CASE- 50
INFHENRETE LK OB, %5 U IZCASE-134 & CASE- w0}
BOTHEHNEBEEE LK, OREETRT, Hitd& s — A5EEY 80
BLABROEAZTRX, YHAHOELHIRLTYE, TA LY

20
K 0iE5 A S 2 EERLTEY . TOMMREIEBEH|a o L \

(a) CASE-30—1f
LHRBEEN 4716

BE (%

VIREBETHD, ThIRERAROOHSE. R BEEN/ Te 00 m»:é(;uaj 2080
SCTHBIMEROMMI B TRET 2 BR~TB IR S 1
. CORFEHEEKESKECHET2ADEEL GRS, v PRR—

K-9, 103BARHOO T TRHLK ., TRERFH L € BELERREK 4716
L= AR EPHHOETCHALLOTHD, FHIL -2 FsH» K
KEVREEARBIRKELCAD, F-F—LLTOEL- &R OB
NE B, 2T OEOIRCILH L TK AL T3 S TaR—T TR

1.0
Bk DR j

L EOEMNFL—-2 CHEIT ABERELLKRERKL ET
h. BOE BEHBITABERELLRELKL T B—7 BADERjOLR} S 3L

LTwd, IREREGUNNET—HTIAORRLLET S
b, 2TKAE WK O I ER(EE R 2TV D,

4. BDHYIC
FFRETELAAEREUTICE LD D,

O 759 r 7> idbfkEsBAREE, BRETENNE CHOME
DIELDEHNKEVEILVEERNBR AL REBMELNT, KELIE
EFRT, AL, MOBA L -ARS AT RS}, MEVE § 3w —
KERE L BOBOEIHEO L DL VELCKE ZBERT, )

Q@ OOEKRFHEOBVFELLI—FEEF, 259770y hbERE
BrEETA2HECRA0LELLZVEARBLHBILAvTna o LT

® CASE-15 ]
® CASE-14 -
* CASE13 |

10792

Hb, T, MOBOIEL2EHFKREVIEES, ERICIERELE,»S 0.0 5.0 10.0 15.0
FHMAEBE (K/m?)
=] 3 A K z Twvwo 3y A,
EHSWAIPKOBRIVFPEFINBIEAL L ELFRERD M-8 THENEBEL
Q@ BEMBM»LREZERERE, BREFICL VEHAORE 2B T Ka KA B&
ABELRAOAEEHETEHETIR, BRI VNS 2D, .
1072 e
@ FHIV-ARSHPRKEVEEEKFERBIARE 2, A-F~L L o CASE23 SR
% CASE- -
. 1> 2 ~ — 1073} A CASE-21 = :
TOES2ER>LRL RS, 1073 = S CASE14E E=
- - — - o CASE-20
B TH o] B CASs o 1074 L0 CASE It
= o 016= - = HIE
D/ e, BOBEONEEAY VK, _ = g H
o o 8 1077 |=]
ppl121-pp126,1984. 2)0Oda,M.etal, .En 10-5 ““‘:gﬁmfkg—g ;
J. Geophs. Res., V0l.92, No.8, pp8037 & 5 —| . 10-5f s
-pp8048,1987. 3)Long,J.C.5.etal, < 1076 — — H I
Water Resours Res., Vol.18, No.3, pp s — 1077 ===t
645-pp658,1982. 4)Rouleau,A.et al., P’ I T — el
Int. J. Rock Mech. Min. Sci. & Geome- = = 10 ===
ch. Abst., Vol.22, No.6, pp353-pp367, 10-8 10~ - 1" .
1985. 5)Priest,S.D.etal, Int.J. 00 05 10 15 107 1072 10 10
Rock Mech. Min. Sci. & Geomech. TP o2RE m) PAROR o

-9 EHIL-2BESE E—10 FHHOEE KO MR

., Vol.18, pp183- , . ’
Abst., Vo ppl83-pp197,1981 KA’ 0 BR

—347—



(71) A stochastic discussion on hydrauric conductivity of discontinuous rock masses

by T. Okuno, H.Momota
( Shimizu Corporation )

ABSTRACT

Recently, a theory for estimating the permeability of rock masses has been proposed by Oda. In this theory,
discontinuous rock masses are treated as homogeneous, anisotropic porous media and the hydrauric
conductivity is stochastically calculated from the geometry ( orientation, trace length, aperture and joint
density ) of geological discontinuities ( joints ) using a crack tensor. In the course of this study, the outcomes of
the theory have been compared with the field data taken from Stripa mine. However the effect of the
distribution of apertures on the hydrauric conductivity has not been studied in detail.

In this paper, numerical simulations are carried out with the distribution of the joint geometry as a
parameter. The probability density function of each geometric property is assumed by taking into account of
field data in literature. In the numerical simulation, a two-dimensional joint system is stochastically generated
in a square flow region, and the hydrauric conductivity calculated from the crack tensor is compared with that
calculated from the seepage flow analysis of the joint system. The effect of the aperture distribution on the
hydrauric conductivity is examined as well as the effect of the boundary conditions.

The following results have been obtained :

@ The hydrauric conductivities of discontinuous rock masses calculated by the crack tensor are relatively
larger than those calculated by the seepage flow analysis. The difference between them becomes large
as the crack density deceasing and it depends on the form of the aperture distribution. When the
aperture of a joint is assumed to be proportional to its length, the hydrauric conductivities obtained
from the crack tensor and from the seepage flow analysis are remarkably larger than those of any other
cases in this study.

@ By including the joint in which the flow does not happen, the hydrauric conductivity obtained from the
crack tensor is larger than that obtained from the seepage flow analysis. In addition, it is found that the
gradient of hydrauric head which is distributed over the entire flow domain is not uniformly distributed
at each joint.

@ The hydrauric conductivities calculated on condition that the direction of the flux is controled at the
boundaries are smaller than those calculated on condition that the gradient of hydrauric head is
controled at the boundaries.

@ As the mean trace length of joints increasing, the hydrauric conductivity also increases and the range of

its distribution becomes narrower.
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