(32) EEATLBARRICES(BROFBAMFHEICOLT

0 K AR 52 985 B SR P SEoMom R
i foowW R
Bk # K @#—%

1. FLsic

HE, BRONFORFKMENEDEHRET S22 EL LAHUBEL
Fhbh, BELZTF - 208ERMINDOd b, —FH Tk, KEFEBON
A, BTN OMESH, KELEZ Lo B2 e i ReE T 50EWO|
E@HEBRTHTLETRKLTNVSE, LerL, MEZHET DT 5—KH
RHESBGELANWADICENE T — 2 BEMHZ AN RBOBICE L Y
KEEHBECHT 25887 vOPWEOEL IOV T ERM % Hif
TEARVWOLRARTD B, TOMAMBEMRT 2DO—DOFHELL
CREINAOHI 59 25272 To 2,

EE LI, EREBCEBODNUBELTANWI Sy 27T v

A . A\ J
EL, TOBBULCONWTHRE L TE L, SEOWNTH, AKEORE ‘,ﬁ)\* x&%?
BICE T, BEBELCICEKRRZE LD & T 55M0LuRBeR | NSy
WL, KDL 9 ZEILONTHRE £1T% 2o X 1 2m

(1) AlEAZETEICET LT — 2 OWE & BT

@ F7hk—rFrelIHHBHUOME, KR, WOED
B

(8) B—MiEIKET s oA REBRROERRR &kl
HYBE O & O 3 f&

@ 295925y rREBHBKEBONME & ERIER &
O K

UTFTRENHLDOHBEIC DN TN 5B,

2. HEHROBE

PEILAMN—FEE, ERREECERBLVCREAR S .
EhETHEYPER(HER) LHBINTND, HRE
BLarARBAERRNBZEOHALRIT T—MLEHAL T,
PR~HBEORETHLEVOBETAHML TS, #HELA
@, BETEAKFELE, HECENETE D L%>Tnb, §
AFECRONLBHRE, FALTWD LOIKRLDH, &H
BOBALEKERA THIET LL YV KBLEZDTHWAT LD
hhe —F, BEE, HECEAHE, LBEHS, BER
LLTBVWTWARIb D5, KFHKEHTAXsy vy F LEM
ODEER2ThEFNHAL EERL IKRT, KFHEE, 1 2mX
ImOHHEH%E2m X 2mOEFHNORY v T 2fTh\n, Ok
EabyibDT, HAIL( $100m) ML ($86m) : .
ODUBIMNELTH S, EHEHEIH1I5mT, BEALETH BH 2

—151—



IVRETBIOKBE L ALOKERAO L TENWTRIDRZ 5, UPPER
LOWER

. HBRELISvITUUM NEGATIVE
R1CRLAKFEOR Y, v 70 CHBOXBRES %, TFA%E
FEHBECHENTHELTYwA, —F, BR1IGRLABECE, B
BTHEERE LA, EREIICON TE, RbEHAs% b ER
EHO RORD L O AFECL ok, OBRIKRELALL S KD — —b=—====__
LTHETHCRIOKEL 2560 —HICRES 5. QER1D

LENSE

HER2aDLCRUEBEZT2ZVWEMT L, ThiCLh LHET B2 a
BORIVHIBEBEINDL, OBNI A ABA*RN2bO L9
K74 )0 TREFT 2L L VEILRBIEST 2. UL L@ . QO CAMERA

2, MEROBAXBH2KCRLL. TOEHAR b EIC, TV 44

—
FELELUCRVET LRI VERC L TORIOVFAHHMES UPPER
—/
Y- AvarvxrarHOTHEMEr It v—xL, XBEIF® _—

R 7o LOWER
WEBRLLT, HHROFAOSMEFERBEEILC LD 4 » P PRINT
Tay ) LEOHBEAITHDH, ZORHHLEDE VBHEATHEWD, 2 b
BRRUBHBORS v F L &b THE LT, KPCEWEREE, $# (x1)
BICHENEMEFE D, N4S5CE MAEOER £ OMBEM & N45OWRE N

EORALTHOHBBEL VI 32T LR 5 LK LA,
RECKT R—nF vVeBROEBERMHRICHRN S, ¥7k—LEEH
2EEBBELAKRLL, v A vBRBRETR ok 4 DOEBIC R
ZHMHORAEH 4 KRS, ERODTHE+IHEOLTVEEEDN
230TC, BREIHBLHAM TELH, BELTWEIOTH S, B
OLTWwAb0E, TOB1~2mEHllEIni,
HEOBEZREZBANTHRELAER (FRELLTLOmX10m
X10m BEXELONLIDISv /Ty IR, 212 5 v

2T/ MEROEOICEDKk, THhDD, LOWER HEMISPHERE EQUAL-AREA PROJECTION
Fij = [307 070 070 Pij = [0.38 0.50 0.06 Number of dato : 58
397—261| @ 0.51 —0.26| xt*--@ 5 3
symm
symm 839 1.33

kb, BEXRFEEBKij i Poiseville WiNEHEL T
L B Lo
Kij ——12u(Pkk5|j Pij )

= [1.25 —0.34 —004]|x10°x%x1?
.16 o018 e €]
symmu 0.61 (m/sec)
%8B, KT h— AT VERIZBBERREL D 1=1(m)=10"%(n) ¢ RHHHAORLET L L, FH
FBAEB K (=kii/3)E, 1.01x107%(m/ sec) LB KE RMEE % 5,

4 FEHEBEKRBRERE:BH
T3, EROFAULIBEFT L2EN T, ¥7h -1 2B (10n)CbibEKUEXKERET A%, T

—152—



OHRBTE, *T7H—rHNIREKL, N ES W N2 N
02 1 1 i

-m
w
=3
=<
P-4
m
- 0N
=
2
iz
m
-
=
=

3 L 13 L 553| 7 v
WERBMER v <A K AT ERHLEOR H \
{KREMD) J
OEKEERHMENE Lr. BMICH |-/ ,
LTHAKBL—ET, 889075 LT et

botk, TOH, HHBEKOEKMEE
MB7HIC, B404EBCENTE SN .
TRy H—FRICL B4 YRR \v/ 7 NPT
Tk oke »vAYE(Lu) L, &

imi
KE L MPalCsid 2 1 m% b DA AN

kg (L /m/ m) &+ 5E, Darcy mm/_\
ORI HBTRETH LT DL, & — e I S
KB & & RO & O 7 ¥ U8 % B fFs
monTs, S CeBe R (eI Mo (0] m  (Lu=987)
Lu L . EH EmMz - ALK Z04
K= s ln_r_ ......... @ @ 4
ZZT, Lu@rn vt Yl% (md/ sec) KBREL, LIERRE ":;""’“" L
ME(n), PAEAENTKRELLTLI00mEMbor T P e
RRILOEETH 2. —F, # 74 YRREMICNEm OF | 7
FROREHSILEHOBME T HLOKHELTLBEL, K | o oot (et
@ Poiseuille N> THBRFOREWIDERETHE [» 7 X o cont (Leb)
TOBOBKEH A, KOLOIKABT EAMOERTHES  f " Lo e
£ = £ _LE' 3 e ® ° ’ _ ° O(llmwzg)
12v £ 54 5
Tz g EESIMEE (9.8m sec?), vV EKOBHHEFHEI (13 TCTO TRIAKIAL
téL%mﬁméwLtﬁﬁﬁ&#@?ﬁ%ﬁ&bk&2@?&@@??ﬁg"§;fLﬁﬁfjﬁQ_
BHTHE, (HFHE 0 TLTALTHELT 2L XOLOES | L} J Ib
Lmt§<c&m;bwwzVﬁﬁ%%#&m&%ﬁ?étt#ﬂ%i | |¥F
Lhbe THEHBOKEMENROBLENAZ LT BHE, told i ) S/Tgi‘ﬁo ) ! i
t0=|:Luzl:lit/r) 112\:1;]1/3 (m) v ® I { !

& i J\OINT !
&&boccvlmﬁboﬁ&ﬁENm.miﬁﬁﬂmﬁﬁMﬁﬁﬁi s (LIMESTONE ) |
HICH S &+, BARREEO R QD il & BREIC L[ Lt

RQD*#—lOOe_O‘l/N(O-l/N+1) ............ @ 6

LVWIOBEBRRLOCHEET A ENTARTH D, T TCHEHFRTR—2 TVEREHER L VEHEXHOFHBEEK
HEamTd 2, +abb, EH1T14d, EM2TIAR, 30, EM4 CiH 20 KELLHHELRE
Bohtc, 2T, ROTAWT, KEEHHOE.£HE TS L, Th¥h, 1.26x107*, 160x107°%,
1.84X107  mX 24K L b, CALOFHE to=164X10""mEAN5E L, ORME,

Kij= [551 —1.50 —0.18] x107°
512 079 (m/ sec)
s ymm 269

kb, LTHT, BEMITET A o4 »HROP ~QUMRO—PIEE 5 KRT, B, K=Y a7
LB LN AHEEEUREAGKOZARBRBRIMR L. RROBEBEE6 KR L. ZOMURKAIREMH

—153—



1OFHOHHEEEATVWAELOT, HEEINHEHML TWAEALDL, XF4—r Ay FERAWTHERFIBIC3
HEOMR 5L (RRER I . BHRIIBBL 4 YE2RTEBRTH 55, WREHORENWK L o T,
BEAKELCENWTIOERE—ET L2 L0 b, DLBEOCEAREN T ALBAENCEL, M
HBHOFT LT LB LICHONT VS, FLTA o4 vRBRBECBU R TR -2 TV VEAORR L HE
L, Bo0KEHHOREBLEENML THWELT L ZHRBLL. 4, P~QUlIBzBRRENATHNSbi-linear
THEL, BRENHETCOP~QEFHEL LB LN L KMEMHBOEEZMANT, ot v HBRTETOHM
DREOBNERBTHZLEERI K. TOEZLF LD, o4 v RRBOFHH A KBEENRORL LT
.96 X107 mEBr,

BHRICBUALEMNBELC, E7K?Lﬁﬁmbfc%ﬁ7kﬁiﬂi7kfﬁ5ﬁ&ﬁ&ofcn oL %, EAILO KA b
RETRDOOWK, 842 1.5 L2BLET, BRLOKIE, —1.78nT—8Thok b, HEMLA
OEROBKREEL 1.1 1X107° (m/sec ) TH b LTINS,

5 HREXKEROLE
1w, EREEKRRLIVBONAEKRRE, 259y FF VL L VEEINLBKEREET LD T
Rlfe CTTRKRBABRET » v 2 Kij 2 bkii/3DEZHELASDTH S, X, BERLELTHFR
, Xodliz NHMA, X #MEzWHEK, FLTXM+HELBECE>THWEDT, ky & (KitKe./2)
THY, kv LEBEKaDETDH b, ChHOLDKERD RO L9 BT ERNVL B,
WRT - BEETHALAHRORBITOBMOB AW THEINIBZIKERE, EEOFKRKE
b REb
QFHOFKFEBEN V4 v HRBEREL LHET DL, LN TOOEERDD, » vt yHRBHEOH
EfEEL, BMARERE—BT 5,
PEKMEARRERL, 7592757 A bifEINEKEHFMEKKRE ky o o4 »HKBRRTRE
b —8T 5,

6. &bHYIC
FRETCORMBREE LT LD D L. ROL I TR B,
OWHBEOXBREINMUERTELBE, TEAREL LI VMO EHATETD 2. COERBEOE. BX
KOFTHABELD IO ABECH. RIADEEL 250, —EEXHCBIT—RBCHBET I LK
SOVBEROMELGTWEEL R Y, EHAT — 25860 5,
QHHEOHOBHELCEANT, FT7T+— 2V BEETOROBTEERF T L LB AKEORBE+S T
@V, BKEOBBOAOOMAOEDE §, KEENHOBZRO AADICHEL v+ Y HBER,L
@r vt YRBRERG DROAKBENHAOE L BECOHERBET — 206275977/ 0% LK
HEILAEBKREL, FUBRERERLE L(—%T 5,
4%, COLIBRUBERCB T AT — 22 L 0 E(ERL. LIDRO T 2T a{bEEHE LT,
BBOMIERMECKBRILE TW#EFTTDH 5,

M., COEBRETARINCDALY, GRE > @FAHBERELL O, MHEANTBBRESMCLL VE
WiBBHCH LBEEZ2HEEE L. tAMROKEB DAY, BEXPHEEL VAXZHDE L
BErTtwbZ teHELADLET, R#OBERLE T,

—154—



(32) Estimation of Permeabiiity for jointed rock mass
based on joint survey and injection tests

Kuioki Hirama, Makoto Maruyama, Kenichirou Suzuki
Technical Research Institute of OHBAYASI COORPORATION

One of the problem to be overcome is how to estimate the hydraulic
aperture of joint,which identify the hydraulic property of jointed rock
mass. In this report, assuming cubic law for a flow through smooth
parallele walls,hydraulic aperture of joint is estimated from the results of
Lugeon Water Pressure test for one or two isolated joints. Further, joint
survey is vperformed and the geometry of joints is characterized by means
of crack tensoer. Permeability of jointed rock mass is estimated by using
crack tensorand hydraulic apertures. Out of results, the following were
found worthy of being reported. (1) Joint aperture required for
characterizing the hydraulic properties for jointed rock mass could be given
by LWP test data. (2) Estimated permeability based on crack tensor using

hydraulic aperture reflected permeability for jointed rock mass.

Permeability Permeability
before LWP tests (cm/sec) after LWP tests (cm/sec)

Full length Injection

test resulis 5.17x10* L11x107
K estimated based !
on visible aperture Lo x 10™ -
K estimated based 2
on hydraulic aperture 444x10% 7.58x10%
Kh estimated based *3 532x 10* 9.07x 10
on hydraulic aperture
Kv estimated based "4

2.69x 10 4.59x10*

on hydraulic aperture

*1: Visible aperture on the borehole wall is average 1 mm wide investigated by
borehole TV camera.

*2: Hydraulic aperture is estimated by eq. (19). Mean hydraulic aperture is
1.64 x 10™ and 1.96 x 10" cm wide before and after LWP tests, respectively.
K is one-third of trace of Kij.

*3: Khis the mean of 11 and 22 components of Kij.
*4: Kv.is 33 component of Kij.
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