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Study on Improved Procedure for Determination of Three Dimensional
Distributions of the Initial Rock Stresses (Second Report)

Yoshiaki Mizuta!, Katsuhiko Kaneko’, Koji Matsuki®, Katsuhiko Sugawara® and Shigeaki Sudo’
Synopsis

In the fiscal year of 2002, our committee achieved the following work items during the contract
period, from August 28th, 2002 to February 7th, 2003.

Contfirm mutual understanding with respect to the geological / geometrical data provided from
Tono Geoscience Center and exchange procedure for taking those info each numerical models.

The numerical models by Finite Element Method and Finite Difference Method were built
taking strata data into account,

A problem accompanying to back analysis for inhomogeneous modeling was brought up.

A new 3D Boundary Element Method Code in which integrations to calculate the influence
coeflicients are carried out analytically and thus, the solutions with high accuracy can be given
faster.

Three examples of determination procedures, wide region model by FEM, small region model
by FEM and intermediate region model by FDM were introduced.

This is the report as the results of the studies mentioned above.

This works was preformed by the Mining and Materials processing Institute of Japan under contract with Japan
Nuclear Cycle Development Institute.
JNC Liaisor: Geosciences Research Group, Tono Geoscience Center
1: Department of Civil Engineerimg, Faculty of Engineering, Yamaguchi University
2: Davision of Environment & Resources Engineering, Graduate School of Engineering, Hokkaido University
3: Department of Geoscience and Technology, Graduate School of Engineering, Tohoku University
4: Graduate School of Science and Technology, Kumamoto University
5: The Mining and Materials Processing Institute of Japen:
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3. 3. 1 [EL®HI-
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EEETHZELE LI 200 A v aDEEF—ZnLER L 3RTERES
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WEEFT
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3. 3. 4 EERFAZBLUBRNER
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KB O AOEEIT, RRICHRETHERD+oETNE, Z0oEBEEC
KEGFBREMEIEAESEDZ LI VREINS,

UEDHIHRO b &5 &, HBADOERDEEZSR x B3R 0, (2
%, LROEHLIEROTHEPMMERT LB EDORFARAOIE LT, kA TH
WTED,

o B=0(xp8+ o x £ )0/ (& £+ & ) (14)

2L, prldBROBMEHEERTHY, olapid B FOEEICLD A xick
TORFIGCHTH D, £z, oz £,), 0)x £ )B LV FOIXAEER
[CEOT A, &£, BEUORABOTEY  ICHYTIEMNR TR FhEL BN
EBEOEBRDR X KBTI BRISHTHY, EROTLOEBETHS,
LB o T, SEERNO 3 RTEEABEEET S0, BIEHORE
Bz LC (14 REBE S8 3 EROTRERD B LERDH D = & HBbnd,
7, 1DRIL, BHEENORO LS ICEEHE bh3,

G,j“(X) = G}JP(X, pg)
+6,67(x, 6,0+ oy (x, g0+ ¢,0,.(x, ¥,0) (15)

2L, =6/ 60 6=/ 60 Co=F o/ to THY, o &uor Koo IKLENTFR
BB ThH D, KIETTIL, £,0=6,,=10", ,=2x10% LBEL, BYTIEME
NEERIZEZ T,

=7, IBXEBOEHE, Tbb, EACERT IS  6)x pg, KE
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WBEOTREEETAOFNEFNIZONTEITL, FLb0OFHELRMEIL TMI
ST AR ETRTTAER 1T BLIUOX 18 DL 5 Thbd, WD LET
HE, WEETNEFRBEETTF AN TGS RBRICEL S 2 L Rbhb,
ZITC, BIER x, (72720, mI~NTHY, VIRESAETHD) ZBWTH
ESNREGN o)) b RT &, B EEZMEBC—HSEL5M43%0 L
T8 B,

oMx)=cHx) : n=1~N (16)

12U, RERFREC L DS RERRIIKEEBBADRK AR 0,Mx), o,Mx),
o, (X)D 3 DOTHDNG, 1R INTOREEX B LiTkd, i, A
DEMEHER L MEFREZEMERET D L, IO)RORME ¢, ¢, ¢, D 3
DERD, BT, RNZRIBICIVERK ¢, ¢, o, ERBBZLIZTHE, B

RFBERTAN KLY, B ARESEIHFBRTAR L 2B,

Ac=s (17)
A'Ac=A's (18)

felZL, ERFO= ) v 7 ABLURY MAKRO L S TH D,

(0 Ged ol Gugw 6 nnd )
6, (X, €40 o, (X, €, 6,.% (X, Yoo
6, (%, &£, oy (X, &40 o, (X, Vo)
. (x £,0) Oy (Xy E50) Tt (Znr %igo)
GWX (B €00 nyY (x) & 730 O-J’YXY (5 ¥ xyO)
o.ﬂx (XN’ & xxO) O';o»Y (xy £ ny) O'HXY (xy 7 xyD)

J

(o ()=o) )
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BHEET N
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THEET N
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3. 3. 5 F&H
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IHEDFERIT, BITREROEEMEARETT 2 LTI, AT 0EEME
DFEARFRTCHDHZEEZRLTND, £2T, k9 ERIIVHMEEELY
REALIZCETNVEREER LTS, F7z, REEHAEOHMER G IMEITIC L
VRIETDURERHLEEZEZLTND, EBIZ, TRLEBHY—LORERE L
W2, AAF—F L LTORAHEREDEEEETARMBREETHL L&
Z T 5,
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3. 4 FBRESHEKICK SPEEETIVER

3. 4. 1 @BHFER

HTRRCED Y OIGHRER ELTRT D20, HRESE, BRES
BB L UCEREREE AV BERITIC L - TRE L O FHIER B3Thh Ty
Do TOLSRTFRFBTITIIINHEAFHEEZELSRET DL PNEERRE
Li2%, TOMBISHEML LT, ROLSIEEINEIEHBRLLANSG
nTtuns,

C.,=pgh, O, =0C ——V—pgh (19)

zz0 xxo yyazl_v

T, pEEOBEkgmY, gREAOMEE (=981m/s7), hiTHEN
HOWY DES[m], vIZEBORT Y L HThD, ZOPEISHEEREN
BRTIKELFRAEMERAET S EWVIREDS L ICEERR LV Ehh-d
DT, —fRITIE, FEOEAGZERIREERD, 20D, KFETIE,
ERRZENERET 0L T3, 2L, HBOTREREOREY—#EL2 XiT
LoT, BIEESNEBHICL > THRABBRELL BLRIZOBEETHD, T
TEHL ORERTHE SN BT HEN L IEBOGHBEHET I b0 LT
Do TIZL, ZIZ T, REOEAHFBIRKXTELZLRDZ LD LT3,

o,(h)=S + kpgh (20)
ZZIZ
Coo Tumo Too S, §, 0 k., &k, O
Oy =Ty Oype Tyl S=|S, S, 0|, k=|k, k, 0|, h=z—H
Too Tyo O 0 0 0 0 &k

ZZE, ziMEEROERm], HIXETFAOREAOERMITHD, = DL
ISBIE—ODEIGNFAVRBETH Y, TORE STV EICHYE L, o,
o TRVISHERG PRSI U TREERICHD L VWIHIEREN S EITHY 3T
S>TW3, Thhb—20XHEAFRARKELRELTVWADOT, 7z BicEEd
HEABROSVBT TR Lo TWT, MDEHBDITES O—kEER L 7
STWD, LERoT, EFAORERICEBVTHIHFHEABRELTNEZ &
Eleh, BN, BREICBOTLEAPELTNAZ L ER2AB,
BBIENBEROLGFIEE LCIE, 9, BEEEHIEEROA0HERA5HE
WEETAMEL, RIEBEIIRSE TN ENBYICETAICER S L&D,
BRHERDEICNRRERDD, ZOLXEETIZ7TEY OHBIGHIREE 1
2R,
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®1 BESHEILEG NS
ROBREJRIZEITS

AR S RE S h -t hig
O sisx> Tnses Captsns T ot S.=1 (FODE7IE0)
O sy Cyuisyr Tgises Oaisy Sy = (FDMD S IE 0)
O sisys O yisays T3> Oz 5y S = (Z DD L 0)
Orivrr Cyirs Capides O zihe k.= (DD ELS X 0)
G i Ot ot Tt b=1 (ZORDEHIEO)
O-xi,k\‘y’ o-yi,k.xy7 rxy!,lcxy! o-zr',lacy kxy = (%G){ﬂlﬂ)ﬁﬁ’:’ﬂi 0)
T sides Cyiges Capife> Oaife kr= (EDMDRES L 0)

7TRYICRESHICHBE B, ThERBLICETVIZERT L&D,
BERDIEAZRD D, 7TEYIEESNICHBEABIC L oC, BIER 124
TARARG o, o, o, BIPe,BRIDIICFINDILDLTH, 22
T, BEROLRBICHE S & 52 D88S,, S,, S,. k. k,, k, kBREo

EEEETHE, HERID o JIROKXTELZBNS,

O =008, + 0,08, 46,08 v Ok, 0k, +0 .k, +04. (21)

Wiz, BIER | CEBICAIRBENIISARS 0. &(own £ T2 &, FRDIIKD
LHEEHRZOND,

(O-xf )m = O-xf,sxSx + Gﬂ,wSy + axi,n'ySJg' + o-xi,kxkx + in,hyky + O-xf,kxykay + O-xi,k.z (22)

n@BOEHREENLBLNEREEREE TNELoTL T2 4, RODH/N
BELNAZLIC2Y, v ) v 7 ARTTIHIEROL TS,

(O-xl )m O-x!,Sx O-x_l,Sy o-xl,S.ty O‘xl,kx O-xl.ky O-xl,hy o-xl,k: r S
. x
S}"
(O'xz )m GxZ,Sx JxZ,Sy O-xz,Sxy 0-12,»(9: O-:cZ,LjJ GIZ.kay axz.kz S
. X
< = 4 k x ( (23)
ky
k Xy
(O-:m )m J.m,Sx o-xn,Sy o.xn,Sxy Gxn,b: Gm,ky O..m,lay O-.m,kz k
. Lz

it(23)€’.'ﬁ§< %i:iby i&%&ﬁlﬁ:jj%{ Sx; Sy: Sxy:r kx: ky; kxy’ kz}iﬁj\ziéo
—fRiZid, BHTEROBEPRANFOELV R NOT, B/MEREIZIVE
mibah s,
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3. 4. 2 ERETFILEADT—H

(7o, BHICAWEET AR 20, ZOMERF 22, BITICH WS4
PIEEER 3 IR T,

2 BERIZBLW=-ETFILOBE

18R FEis In] prypayy
Wi e ZE X
PG Yl yolt) BEFH s
3200 2400 1431 216000 227286

F7e, B20 OMERE IR I TWAEFICHIG LARELOR 0rER LU
RHBHFERMIM O OE 2R 4 177, BITCAW AR EEIIEEE
HEE (GKH, 2002) CERBENTHBEHAEERROTRTTHS, L=
2T, KEEAGEIIKEFRRS HEEERTH Y, SREISIEIT AR & (TM-1,
TM-2, 98SE-01, 99SE-02) /=i AE #:& DRA #£ (MIU-1, MIU-2, MIU-3)
L DHERBETHD, R LIEAICOWTEROFIECLABERE (+
BOHYELED) BHIEECREINLZEH LAV, &5, EFA01
EZNKEEORARDIBEIZ 2N THLERLE2EH L CHWZOT, AN
F—Z OFITR RO L Y Dl — AR,

&3 BWICHW-SBYILE

e BE | VU EE |Rpyy |BEHD | NREEASIRAE
ke/md) | @) | Y [P | | MPa)
HMPEH 1835 2.00 029 | 1.50 16.0
B REE 1840 2.57 030 | 215 16.6
TIRKERE 1830 2,07 032 | 135 26.5
TigtERE 2560 50.09 035 | 323 54.5 7.46
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#4 BEHAOAOMES S UVBRMBMERINONOLE

X Y y4
1 00SE-03 4759.6 -68230.3 285
2 98SE-01 47425 -68318.5 264
3 99SE-02 47596 -68211.9 285
4 AN-1 5454.7 -68871.3 216.376
5 MIU-1 5488.8 -68629.4 220074
6 MIU-2 5433.3 ~68552.4 223,755
7 MIU-3 5340.2 -68455.3 230475
8 T™M-1 4816.2 -68252 288
9 T™M-2 4625.4 -68274.4 255
10 EROFE I 6723.0 -69356.5 2005

3. 4. 3 HMBEKE

EROADF—F A, REHEERLL, ERLSh- BB TE
BIVEIRIEBIE S (Se Sy Sor ke Ky kg k) BESIORT,

R5 HMESIAMBIENEG (SOBEACOVWTIXERHIE)

Sx (MPa) 0.384
Sy (MPa) -1.198
Sy (MPa) 4.566
k, 0.614
k, | 0.480
k, 0.930
k,, -0.190

FEEFL 00SE-03, 98SE-01, 99SE-02, AN-1, MIU-1, MIU-2, MIU-3, TM-1
BEOTM2 TE LN HET — 5 & 2N EhE 21() ~ HOERICTRT, £ 72,
= 21(a) ~ HOFRIIE, FIEF—F & B/ BRIEIC L U ERELL, »oEF
A0 1 ERNICEEORE RS A BRI 2T L bOBRRSATH
5,
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ENENORBEILOE 9 RIZOWTHE KR ALERNRRETR o, & &/
EibF o, BROSRER TS5 o, DR E S F P 22(a) ~ OO ERITTR T,
£, KEEHNERELHOF®BREZTNENE 22(a) ~ DOERNTT, Fir,
FREM B EIHBV O 9 EIZ oW THEESREBEADRE S2H23 0k
e, KEBHRERERIOFREE 23 OFEFNTRT,

3. 4. 4 FTEH

ARESEEZRAVTCIRTHRAIBEAETIOOFELREL, “0OFES
AWCTEBIS AR ERE L, Thbb, E9HIFEIE SIrerAB8L0A
DT DOT —FZMBEIZOWTHAL, SFICEHREShH-EBRFERS BN
TEONEBEHEER L, TLT, BONEEEEAEEH LIE LT,
HEINESRBEILIC DWW TCHESNGEHEE2 R L, B EEHRET
WOWTHE SRR ABER LE,

REL, ERRICBWT, FEHIFMEHIREREERTRER TS,
TR FESHEZ OWTIET —# OFFMAERITOR DI LT, A5
HIZDONWTIEERB R ER TRV ETH S,
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3. 5 THHEETNICHNT S IXTERER LB~ FOBRR

3. 5. 1 #

Dl

HBELTHETNURRBECHLIGEE, —MRUC L AVLRTH ST FE

WHBERELFREDEEESD, LML, Iz, w&EET3
BRI _XTEETATLILERDY, ETORRPEETHNITLHDITE
BRESEICIREZET D, BEREFEOESITERZSIT2ESZSETHIZ LW
EWVSFEDIENT, ERERICH L TEBICHL T EWIFERH D,
THRBICET23RTMETRIOZEBRAIND, ZOLIRERERE
DREFEEZDE, MBLTIZETADEBEETHNE, BREREOTN
FBHTHLZOTIE ARV EEbRS,

AR T, B|EFETH IRcERESRE (Kuriyama and Mizuta, 1993; Kuriyama
ctal, 1995, F ff1, 1999 ) =— FE&RHEEOBEERERI LR D & 5 RERK
FEICHBERATED L5572, REEETFTAIRCHICTEDLIEHE LV 3T
RREREFEN = — FORBEERA, ER LT =2— FORBEREZE- T,

IOFEOEFRNREZFILZ, ETTHDICHEDRLIEEFLEFNIIBY
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