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

Yoshiaki Mizuta', Katsuhiko Kaneko®, Koji Matsuki®, Katsuhiko Sugawara’ and Shigeki Sudo’
Synopsis

In the fiscal year of 2003, our committee achieved the following work items during
the contract period, from September 3rd, 2003 to February 13th, 2004.

The more accurate numerical data with respect to the geological / geometrical -
conditions including the fault were provided from Tono Geoscience Center and the
numerical models by Finite Element Method (FEM), Finite Difference Method (FDM)
and Boundary Element Method (BEM) were built taking those strata data into account.

For small region modeling by FEM, three layers models, Shoumasama model and
Tohnou-Shoumasama model, as well as Thonou Mine model, were constructed, and
each strain state at the far field boundary was determined. In order to get better
agreement in local stress states with the measured values, a far field strain state was
determined to the modified model in which material properties of upper granite and
lower granite are different. '

In intermediate region modeling by FDM, actual strata data was taken into account,
whereas strata boundary was assumed to be horizontal in former modeling, and far
field stress field was analyzed.

Intermediate region modeling by BEM was also carried out and far field stress state
was determined.

In wide region modeling by FEM, the fault was built in the model and fault slip was
taken into account, and evaluation of strain state at the far field boundary was carried
out for inhomogeneous rock including fault.

It was proposed to output three-dimensional distribution of the maximum shear
stress coefficients in order to advance three-dimensional modeling. It will make clear
effect of shape, scale and property of the fault on stress state characteristic.

This report describes minutely 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.
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2%,

Ac=s (3.2.4)



AtA c=A tS (3 2. 5)
L, bR MY v s ZBEORS MUERO X 5 Th 5.

(O-xxx (Xl’ 8xx0) Gxx (Xl’ g}'}'o) O'XX (Xl’ 7xy0) \

Oy (Xl’ 8xx0) Oyy (Xl’ gyyo) Oyy (Xl’ }/xyo)
O.xy (Xl’ gxxO) ny (Xl’ gyyO) O-xy (Xl’ yxy())

A= :
: (3.2.6)
O (X &y0) O (X gyyO) o (X }’xyo)
O-y}fx (XM € xxO) nyY (XM gyyo) o-yyXY (X/V’ 4 Ky0)
\_ o, (& & 40) O}yY (X €0 o, (% ¥ ) _J
(ot (=0, (x) )
o) (x)-0,’(x) o
o) (x)-0,’(x) c = &
= < . > Coy (3.2.8)
: (3.2.7)
0 (1) =0, (x)
O-WM (X/V _o-yyo (X/V)
"

\ oy (-0, (x)

Liedio T, WMERREAVTLEROBEIFERXEZM L, B ¢, ¢, o
BRD O, TNOENDEBROTHANEEIND, IBIZ, BEINZEBO
THE (3.2.1) RIZHEHATH L, HENOTEERIZBIT 2 SKRITIGHNEES
b, 28, BATEOFEMEICN T ABELIIKRKTEZ BN D,

e=1/Nz [{o ) (x) -0, )} ** {6, (x) -0, (x)} %+
{o M (x) —o )t (x)} 2] 2 (3.2.9)

7217 L. NS HBRIE S, S m1—-NOBIERT, 728, (3.2.5) D&/
THREZAVTRO SN AT, 3.2.9) ROBER/ OB T B, 22T,
FEBS L OWHEATICBIT ABREOCRRZEZEETDH L, WXDEZEe, 2 EETH

ey=1/NE [{0,(x) -0, (x)} ** {6, (x) -0, (x)}
{o (x) -0, (x)} ] V2 / [{o,)(x) +o, - (x)} /21 2 (3.2.10)

bbb, BRARADAEETERILLICEAETH S, £I T, akiExiiiz,
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ey ZAMRRAEL S Z LITT DL, WRITE LT, MEER/NOBED b
FARTERZR/NOBPEE L NWEEZ D LN TE D, LAl HEfRRER/ME
IR R/ MUIE L < LEX S DT OFENRO TRHEL 2D, ZhiTE
BROBETHD LB b,

3. 2. 38 MWEBKLSECHBIZRIEITEE

AR DR OT HDE ZICESL L, HBENOLABITHE-SCHEIC L 58
HeZ I 2RIn I THBEEZDIENTED, LB T, JRIBOTHD
FEATIZHESL » THIEPHIUEIZ L 2 BELAFME L, T OREBEMET A2 LI3E
BEChD, o, g, B8F., BEEEZRTI D, HEOBIRK L 15M
PR S HEE N OIS DRI RIETHELZ IR T A ENEETH D,

FI T, HBOBIRD, BASHCRIETREICET A ERER2EETS
T EERAD, Bz, MEZEMLTI =0, tiEBBROBEL LT, £&
R OBEEBIIHBERBET D, € LT, BEBRIBADHICRIETHELR
T A7, WEHE, BEIKER 2 BREEHE, BESSEELRD 2
JBHEYE AR D 3 FE DHIE T T /LT DV THER NG 7176 DIFBIZ OV THRET L
2o TNZNOETET VIEK 3.2.1 ITRT LD THD, HBEBEOYHEEIZ2E
BEETT NV CRERBRIVEREOYMHELZUTOLIICEL, HEET LT
IXEAE OB E V2,

FE YU URE: 26Pa, BTV by 0.25, B ATEEEpe 18k N/n’
g YU URE:6GPa, AT Y v 0.25, BALAFEEEpe 26 k N/m’
UTFTiE, ZRENDETNMICONT, FFEOSHERMR (RN—V 7 FLICHEY)

FIZBT B AGHER L, EORBIZOWTEET 5,

3.2.1

H i 72 MR B E o) 975
fRHTET L

(a) By E HAR

(b) A FHEEHBE. ()
BEE R

(a) B E HEE T L (b) AKEAEEHAEET NV

(c) PGV
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(1) WESAHNEDOES

HAE BB DFA D, SAERR LD SIS AER 3. 2.2 777, 72720, (a)id
BEHOHRPER LS EDIE 10, (x, pe) %, (b)iX X FRADIREEOT H-0. 1%
DHMER LB EDOR o (% £)ERLTND, K(a) LV, UKD Z &g
NB, SRESSINTIRE & B EEpe TIRE D —RBEEE 2D, KBS &
SRIELIS JI DL DA OT AFHEIZBIT B AER (v (A-v), 72720, v R
TYUW) KT ENbrb, Fe, Bb) XY, X HFEOERIITIEE
OPTHIZ B/ (- W ERUELRDZ L, Y FAOERIE X FROERIIC
RT U HERCEE DI EDNDNS,

0 0r
100 100
200 200
G G
4 300 #2 300
53 B
400 l 400
500 G i y ; 5 i 500 4 T ¢ i
-150  -100 -50 00 50 -80 -60 -40 -20 00 2.0
55 (MPa) 571 (MPa)
() ENBMMER 2546 (b) X FRIDIREOTHPMERT55H
X 3. 2.2 HEHMBRIZBITAEERBR _EOIR 154
0 0
100 - 100
200 200
£ G
H N
ggsoo &300
400 400
500 ‘ 500 Lt
-1500 -1000 -5.00 0.00 5.00 -800 -600 -400 -200 000 200
&7 (MPa) 55 (MPa)
(a) EABERTAEE (b) X FMDEEOT HABERT2EE

3.2.3 AEAREHARIZ IS T HENEIRR L OIS 1557
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(2) EBIKEBEDHS

MBS /K FEEEDSEE. SAERR O SHAITERIE IR Ly, £
T, BT AHREOSMERRICH L USASAHER 3. 2.3 577, 2770, (a)
XENOAMER LIESGEDIE o, (5 po) . )& X FROEROT &
=0. I%DHBER LIZBADIE S0, (5 €.) 2R LTS, 3.2 2127 L7-H
BPSHERGE LT 5 &, HBPBEELZ R THEIIE, HEDOEEDHE
BIZLD, ENBICBIT SHRERE L OKFER I OEREIZ T HEE Sz
TERERSTHAZ e, El2, Kb) LV, HEOMMERNE R L
AL, BB OTRICKT AR A0 ITHERE RSB O TRER & 2D 2 LA
s,

(3) HEBBAABEDSE

ISSEHERIRR & LCiE, RIEHZE D RERRE L OB % 18 5 ShE R
EREL, LT, TRHOBERRICH LT, ARG e, (x, pg), o (x
&), o (x &), o (x /) OBITEEZRTERS 2.4~K3.2.7TDLH T
b, Thioh, K 3.2.4 B3ENOAPMMEATHHE, K3.2.51LY FHH (&
WZEEHM) ORBOT H-0. %OAHPMEATLHE, K3.2.6 XX HHE (B
AT W) DIREONT 0. 1%DABNERT 5546, K 3.2.7 1% XY FEDIA
WA ABOT A 0. 20D HBERT 5HEER LTV D, £, 2T (a) ITBES
ZEAOMERAKR, O) IR FEHLZEIRERRICBIT A0/ ER LT3,
LIFIZENENDBEDISNRHDEEEE LD 5,

BEAMMEAT L 5E (K38.2.4)  KEMEZBOMENR TIL, REFTITXH
FES AR LY HTRES AR EEEDORE L FRRIZIZIEFE LS, BN
TIEBEIE BT Y FRER AP X FREISIN B L TR&E b, F ik,
WREICRBWNT, YFMERZI0 26T, EML 25, Zhud, kO LD
SRR S D, BIE OMEAIE, SRS O BN TS AR B ER T I E
E. TORRE L THREROERNTHRICEERFROAKFEH B HNBKE L
RHZEETFLTVD, £, BEOMERIL. REOHEER QLT) ENA
HTREWD, #IREICHITERPSELS Z LITERL TV,

Y BERDEBOTABMMERT 5546 (X3.2.5) : fOEHZES BB TIE, XF
EEMANEREE FTCTRAE RS, £/2. SRHZEL AR TIX. EBoE
REICBWTREFEMNERAIRD T, BERE T, BEOH KL L HIC
R L—EEIZNER LTV, Zd, BESBEOERDRICLY ., BER
WX FMESADEFL, BEHTERNINDZ EEZRLTNS,

X HEDOEBOTHRERT 254 (K 3.2.6) : X FRELIOSHFIL, BEsE
FRERENRRD Z 2R KEBEEDHE LIZIER—OEm AR,
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L tyz iy o Tyz
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200 17 o gy i 200 e Txy
t |mm 0 G
#2300 e 300
400 400
500 500
-1500  -1000  -5.00 5.00 -1500 -1000 -500 000 500
i 71 (MPa) & (MPa)
(a) BIEERZBHENE R (b) B T8 Bl %8 A SR R IR
3.2.4 FEPRBEDR SO0 (BEHNERTIES)
0
100 100 -
200 200
£ t
#4300 4
i Moo
400 400
500 L 500
-10.00 ~5.00 0.00 5.00 -800 -600 -400 -200 000 200
571 (MPa) i (MPa)

(a) B EEER 218 DR TE IR

(b) B H 2B DI EL IR

3.2.5 EBABEEDLEDLINT
(BI|ETTE:Y FROEBEOT ZMERT58)
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BREE(m)

I
0 P 0 4 &
—o— O XX i‘ —— O XX ; £
%Y ) | o owy P
100 H ozz 1 100 H ozz g S
Tyzi 4 ! s TYZ be f; :
o rzxi 2 } % T 2X :: ;;.3
200 I —o— TXY : 200 [ ~e— T xy J, - :’_ZQT"
————————— 4 t———— i e
s e TR
300 1 E.if( { e .
. ; 300 T
C i B : ; =
S hm% ot SR : L
; - ; i > , ‘: i L
400 % 400 e -
500 500 e
-800 -600 -400 -200 000 200 800 -600 -400 -200 000  2.00
&7 (MPa) It 71 (MPa)

(a) B2 B D ENE IR

(b) B2 @D SRTE R

3.2.6 EBOAHEDOHE DS
(B AT I8 X FRDIRE O HMER T 558)

1

LR

400 [

500 : i 500 L2 |
_2.00 0.00 2.00 4.00 6.00 8.00 ___2.00 0.00 2.00 4.00 6.00
i 71 (MPa) i 71 (MPa)

(a) B EER 20 DERTE IR

3.2.7 BBPBHEDEE OIS

(b) BB HRZ B HEREL AR

(XY DRI AT OT HMERT2%8)
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L L, BOEHZESERCIE, Y TRESADEREE T THEARL, BFE
FIBEAHPMTIE, BBOBERBEIZBWTHELNICEMLLTWD, Tk, #ifl
ERBRIZ, AT Y BRI KD AU ¥ FrShn, ESEEDOFERIE
&Y BEEIC Y FMEISAPEFT L, FEMTERMSNDSGZ L2 LT
Do

XY @ADL AR OTHIMERT 256 (K3.2.7) : ROKEEEZ BT
X, XY By O ABUS I BEREE T CRRE RS, £, REMHLED R
Tk, XY o O ABIE L, BRETH T, BEOHEKE EHIZERL—E
IR LTV, B2, BFEHZEDIIBR T, ZX oD ARSI 4
L5,

3. 2. 4 EBEHUOTAHAHEIUIRTEHEDEE

(1) FEfTxtgHbig

HRGLILE SO EEEB MO 2 TR E Uiz, SSimomE L, b
s, MEFER, AEREB, HiHREE. kR REE, TITERESEEEIE,
TIETEREEEIC L VRSN TWA DS, HikIC X - Tid—Eo#EIZHE N TV
A

F9°. REHLAET 1kn U5 OEROMBHIE R L OHBEREOES >
IIK3.2.8 DX 5 TH B, JSEEE, X 3. 2. 91277, 5 DORMEFL (TM-1,
TM-2. 98SE-01. 99SE-02, 00SE-03) IZRBWTEMIN TRV, HIEEHIIFT 47
Th b, IoHBESOEE X, AL TM-1, TM-2, 98SE-01, 99SE-02 TiX 30m
—200m Cd V. FHEFL 00SE-03 TlE 230—270m Th o712, LMo T, HHEE
LA FEOEBICB W TS ANRBE SN TS LHErTtE 5,

wiz, EEEAMEET 1kn UFOFEBOMRMEL L OHEE R EmOES
SDFNEI 3. 2. 10 D L 5 TH D, HBIEIL K 3. 2. 11 1Z77F, 3 DDOFRHEFL (AN-1,
MIU-2, MIU-3) IZBWTCEBINTEY ., WESEIIE 43 TH D, IHBIER
DEEIL, WTNORHEILTH 50-1000m TH Y, FEFLIL L B LT, BHES
DREENEL FLACOREANERTERAEFICEEREI N TV,
BHESLLB I ONEEER A ST 2kn U5 OEROMFHMIZE L OHBER
HOEBESMIIK 3.2.12 L5 TH Y, MHMXOMEEMAIZIK 3.2. 13 IZ7RT
LI THB,

(2) BFETIL
HEGUBIOEERAERNER L LT3R THERERZRTT VEIER LT,
Bz, BREBILILUOAEETe 1km U5 OFEEK, EBFKAMOLZETe 1kn [UF O
R E ZNOmEEET 2kn WHDOERDEZNENIZDOWT SRITHIRESRT
FNERER LTz, 728, UTTiE, ZINO6E2HBILET IV, EBFRTETLE
FOEEGL - FEEETIVERELSZ LT 5,
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(a) MK (b) iz fR 82 8 b

3.2.12 RESILELERSAMEZSTe2km Y7 OFER
OMFEE B LB R EOES ST

() fEma L

[ 300-350
250-300
B 200-250
B 150-200
& 100-150
E50-100
0-50

3.2.13 FRGLIIELIERER A #OA B B
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FRERE L CI6EAERZERA L, £7. FRHIRICHEY 3T 5 EHEHE
BIZOWTHRFIRICESAZEEE L T6mEE (BEHE) BRSFIZITV., T0%
W2, EBETF—E b LICEED I BEORBEETHI &L L, Bz, KE
HPIZEBT A ERTEIL 20mx20m & L, $AEFMENC 26 ERAEE Lz, 7.
HFRHFIL 20m A v 2 DERET —F PO THHEAOESY 5 42, HESE
FERIZ, 100m A v a2 DEET —EANBAT T URENC LD 20m A v ¥
2DEBRT —F 2RO, ZHICE VST OEHAOEREE 2T, 2, IR
AL 3 BREGEL L. B1E WFERE - £AFEE - - AitRBE, F2B . LK
KRB« LIRIEREEEE. S38  LIEEREEEERE L, 2 bHE
T L DEBEYMEEIZSE 3.2.1 OLHICEXTE, B, SWITEZRSENIRBWT
KT 2 HUB S IEE L2V iEIR (MUBE &% Om OfEIL) TiE, HBE X% +4
WREL QN A, '

FURSLILE T L AR E, BTHR 3.2.9 [ZRT. 50D (TM-1,
TM-2. 98SE-01, 99SE-02. 00SE-03) Z&de, 7 1km, FFdL 1km, HENL D
TREH 0.5km OFERCTH D, EFHEIOFEBEIIFIHK 3.2.8 IZ/RTLO TH
D, SRAEEREZEFAIEIRS.2.14 DX H ThH, BEHEHIL 62,500, #ialk
1% 67,626 Th 5B,

EEREET L OfEirtaEEkiL, BTHER 3. 2. 11127/ 9, 3 DDFHEFL (AN-1, MIU-2,
MIU-3) Z#&de. B 1kn, L 1km, HFENODESK lkm DEHR TH D, B
FHOBEOFEKITETHRK 3.2. 101787 L9 TH Y, 3KRILAREREET VLK
3.2.15 0 X5 ThH D, BERHEBILIOHALIERILILET AL LEFE L TH D,
CBELL - IERAEE T L OMATEEIRIZ. BT 3. 2. 131TRY, EFE 900K
BEFLAZde, ZRVH 2km. FEIL 2km, HIFB D OEESH lkm OFEIRTH S, S
ESET, ERSEKORMALDKRIFHTHVE 0 R THD, ERSEOFEKIL
BTH 3.2, 12 1ZRTEH TH Y, 3WITHRERET VIIK 3.2.16 DEH T
HbH, BREIT 250,000, HiEEIL 265,226 Th D,

% 3.2.1 EErEiE

%= it 4 YT RTyol | BAEHEER
(GPa) (=) (kN/m®)
1 WP B - £RRE - 2.0 0.3 18
iR
2 TR - 2.0 0.3 19
TR A6 R A A R LB
3 A A 6.0 0.3 26
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3.2.14 HEgL LT

3.2.15 EEE#ET IV
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3.2.16 BRI -EBEET L
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(3) MABERBLUEER

F9°. LD 3 BOETNVOEFNENIZDOWT, ENB L WAROT AR
TAMTTOEEEK RO, T LT, TNENDET MIHOWT, BT
EINTEROIENT — 2 Z AW TEBFEREZ#HE K0T AERD =,
FNENDEFNVIZONTRO bR OTADELZE DD EE 3.2.2 D
LoThB, FLY, BT ENTZEBROTHAOEIXET ML > TRELLER
DI ENbND, B, BEIEUET VI RD DR AR IEBRR
EFNMICE O RDENTZFNED 30—50%RETHDZ &Nbhrb, ZI7T,
SR RICHEEOEEMEN DD, b L, BHEIRRICEEENEEN TV
MDFOBREIIIHIRIC L AR DBV ERETHE, EFROETNVICLBHER
DOFEITWENTICBIT ARE., T7h8bb, BEOTAHA—ENRER LOHET
TNADRECERTHEEZDIENTE D,

#3.2.2 3@EFNMICIBILBOT ADORITRER

ET I EE-TA JREONT F (m strain) o
(km) £ g, Y (MPa)

R 1x1x0.5 -0.621 -0.633 0.256 2.59
ERGHR Ix1x1 -1.004 -1.465 0.820 7.12
B EEER 2x2x2 -0.876 -1.023 0.603 5.99

ZFIZ T, ZOBRREBRETI7201C, BRILUET VB L OEBRKRET VDZ
NZIZOWT, BHEME L TECERmZ B L, £9°, gido X Hic, X
PSRN BT AISRE AITIEE 30m~270miZ4fm L, #fE & U CidHEE
(ETNVE1RE, F288) LEBRERESE (E7AVE3IE) EHIEL TV,
ZACR L, EEEAHICEIT 20 ARIE SITEE 50~1000m O&EFHIZ M T
HH, UHIKIIHEEGRLIZHE L CHBEBORENE WD, 1ZEA DG
BERTERIERSE (ETAVE3E) Fiedbd, Lo T, HESGILET LV
TiE, #HEE L IEEE ESICBT 2ISHEERB RS HETOXt& L 720 IER
BTV CIIfERE B E~ TR BT BIGSEER R AT Oxfg L 72 - T
WD, '
FERORMHROEIZ, F 3.2.2 DJEBROT AN OFE IND I 157 % ERME
CHET ALK 3.2.1TBLIUOK3.2.18DLHITHD, I-77L., M3.2.17 1%,
HRBET VORI TM-1 [ZHIST 2ERB LIS oA, K 3.2.18 1%, E
BARET NV OREFL AN-1 [ZHIST 2R ERR OIS o mErm LD, K&
D, EHITHEMITIES E N KRE VA, KB RMERITEITE L PN TH
B ENbNnD, LL, K3.2.17T ORESLILET L - TM-2 TIRHEERIZET
YEEE 200mE TIZHADIZH L., X 3.2.18 DIEBFEET /L« AN-1 TiL. BIEAI
VEEE 1000mE COEEIZH Y . T 300mLLE TITEIEE I AT E I Ehlk LT/
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NI ERbnD, RITEW LD, MoREFLIZ OV TH FERREm D &
N7z,

0 0
100
100 200 &
300
200 400
€ T 500
i i
b 300 gfg 600
700
400 800
900
~-15.0 -10.0 -50 0.0 50 -60.0 ~-40.0 -20.0 00 20.0
551 (MPa) 55 (MPa)
O XX
3.2.17 FRFILET LD 3.2.18 EBRETMCED | - ow
AR S L B R HAAS FRATRE REBLBFIIRR | | SR
EDHEBY(TM-1) EDHLEY(AN-1) . EalfEowy
o BHAME 7 xv

L7zh - T, BESILET VB X OEEBHT T VIS L 2 MR R OMEER,
WAEAT DX & LTS E R OSHICERT 5 Z L BARB S5,

Wi, EBERMORMEILICK T 2RESHOFFRRICE D &, TERER
HOBZIEE IR E S LB L, TEREAR LR 250m F2E OSEH & RE (RIS 700m
DIYE) CTBRIMHENEL RoTWH I ERREINTWS, 22T, #EOH
PESR VIR RS A DWMEER L BB NIC AT A REOEE LD - aREBLE
BCEMR TS (&F1Fh, 1988), i, BIRnARITEBOMMEREZELJET
SEHN, HEAENEROEMERIZEKITTEEINEINI EPMONTND,
FTr, BEDHEKIZHE> TUSHBHERT 5720, HEBRHET CTITBRHDOL I
EAIREEIC I B LTINS, LN - T, BRI EIC &2 B 2 B O Elk
D HEEITIT, FTOEBOAEEERITIBAEHDOEEICLIVIET L TWVD D,
LB RORES - BB EE N B OMEI S B BB AT, T OEROAEEERITIA
BIOBEEL SIZEZITTVWRNVWEEZXD I ENTED, ZTOBRITEI L,
TE =R 8B 250m O EFE D 8ZE B S BV VEIR Tk, AR T EN
LT/NEWHREMEZTER T 5, BV UL, TEEE ORI TR,
BECTRRAZ EERLTVA,

72T, TSRS R CREEE OB WEENTERAEREA GRS 260mE
TOHMBEICH D Z L2 b, HIKIERE% LE 250m OFEER & 2 N LEROFEED 2

30



BIZAY T, Bi#E & LIRiEHEE L., %E % DIRERAE TEHEMSZ L1215,
ZLT, FRNENOHBOWIELZE 3.2.3 TEX-, Hiz, 38 : LKt
fise EE DY 2 7 RIT LT 66Pa, THE T 20GPa & LT, EIT - THifEsR
DR B L RE LTz, _
AR OREIL LT T L, EBERET V. BREIWL - EBRETT Lozt LT
FOBEZNZ, CHBEEETNVERWCHEBT2IToREREE LD D &
#3.240XHThD, FLY, SEOET MK L TRD DNTZEHOTHD
EFE—ETAHZ B bnbd, Lo T, REFTORED S & Tk, HH
BMOHBET L E LTIEF3.2.1 O3IBHEETT VLV IERK 3.2.3 0 4E8##E
EFANMBE LTS LHETE S, T2 C, BB - EBFEET LV (43418
EETNV) LK VEIT SR 0Mm EEEE OBRERHEILZ LITRT &
X3.2.19 DX 5 Thb, MLV, WTHORHEFL THREIT S NS0 ILE
BIEOEHHMER 2R L TNWD I RN gnd, Fio, FE IR 6 B4 D
DFERTERS.2.20 &72Bb, KLV, HES LIEEER SHE T L OWEE
Dy b T A NRLBHIBOIE NG EBHEIC L TWDZ Ebnrd,

# 3.2.3 BEEETNVOERYMEE

B%E s B4 YU R NV NG S HAHEER
(GPa) (kN/m)
1 WFRERE - AREE - 2.0 0.3 18
AR
2 b A RS - 2.0 0.3 19
I TE f A8 A AL ER
3 hi A _EE 6.0-20.0 0.3 26
4 T TE e TS 20.0 0.3 26
# 3.2.4 EEETTFNVICEDIEROT B OMEHTHEF
BTV Rk TE JER O % (m strain) o
(km) £, £, (MPa)
HR 1x1x0.5 -0.426 -0.396 0.193 2.65
EREER 1x1x1 -0.333 -0.469 0.274 7.19
HR-EERE 2x2x2 -0.334 -0.436 0.267 4.87
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3. 4 WRZzECTHY—ahOEEN N5 ®E

AHEITIE, HEEBNICEETOWERH 258150 T, B0 ELE
B LT KOS DG RHEE I DV TR~ 5, FEEEL, BB R WG E O RE—
B RO RIS )5 2 1E B b +OBN T EROFHOTHG L B2 5508
G, RBOS NS DFHMEEEZRE L, RETH, BAMIZZDEZFICES
WCIREIE 1 (CEEOTA8) i+ 5, LaxL, EEEENICEEBT S
ErE 25 2% ETid, BB DOERM L ERGMICH D HEHEF BB b 14 i
LTRETDHILENTERY, Thbb, SEONFHEE DR —Eo L
B LTI S b+ BN I B ISR A RETE 203, Wi
LTIEIDZEZEETER, - T, BB LZETLER WEoEmL
ERF I H DERETES & EKHMER) 2oL, BiBoEErEESE L
BEARMFEZRET ODLEND D,

X 3410, BEEEZGOERZESEIRLIEDOTH S, EEERITIE
FEMOPRIBIZH 5, RIS, FAETHO L 2EEER XY m=/K¥HE) &
WrE LORTEER LR L TH D, g LORPTEER & LT, EmhmE X
f, e Lewmm (EmE) Z V#, ERSMEZ 28icE v, e LHCH
LHEEE LEEE, THICH D5EE THEE &S,

Z
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3. 4. 1 HREBOETIE
(1) BTBETIL
WrEgEesr e Uik, &b EMAR Goodman DY a A v FEZREHAWE
(Goodman., 1976), Y a A v FEFRIT, K342RT LI, BiBOLETH
MEE S B OA% (BEBIME L) EETAEITROANR (BRI k) CHEE
ESNTVWDRERTHD, L, TAMFTMRFESFELREL TRY .. RATE
BIZBIT DN (BAEIG 5, 5 TBEG o) CEBEOHENENM (4w,
4, Aw) TXROBRIZH D,
7. =kAU,
7y =kAV, (3.4.1)
o, =k,Aw'.
7B, BB EOARABISHAIRATEZBND,

1=+ 2. (3.4.2)

BWE. Goodman DY g A v FERIIEOTAER L LTERLENLTWVA,
—F. AE T, BEEZELLT2ROTAYRNTAN) v 7K 20 H K6
mARER, 16885 BEESR, RES4EERESR) A5, 22T, BEE
REBEAIHBHIL, VaA vy MNEFRE 2 RDTAYNTA M) v 7ERIZ
ERLCHW T7bb Vad v NEREZEHLORWZ>O¥E (LHE%Z U,
TH%Z L TRY) THERINS 16 HRER (K3.43@) &L, M3430ITR
TEREZERTRO X 572 2 RONFHEEEE AWV, SRS DEBIERRE .
BNl L OYBEEONEEIT o7,
¢ (= 8,) =0.25(1 - )1~ 7,) (=1 — 17, = D),
¢, (= ¢o) =025+ m)(A— 1, ) — 1, = D),
5 (= 4,) =025+ )1+ 7)1 + 7, — 1),
@, (= ¢1,)=0.25(1=1)(1 + 7,) (=13 + 7, = 1),
b5 (= ) =0.5(1=7,")1=17,),
b5 (= 4)=0.51—n,)1+ 1),

#: (= $5) = 0.5 =7")(1+ 7,),
By (= ) =0.5(1—n,")(1—1).

(3.4.3)
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n
(b) Ly A2
4 7(0,1) 3

(-1,0) 8 S 6 1,
' (1,0)
1 5 2

(-1,-1) 0,-1) (1,-1)
X343 @Y aA > MNESE L (b)EREER

(2) FEORIET FY I X
VaA v NEZEOHEAEMEPIEIZE R D% u,, HEDHEZIEIZER7ZH0
F, (n=1,16) &£ &,

(2] (£

LA

urf ug EZL F8
un={ui,}=< 0y b F, :{EIU}ZT F, ’ (3.4.4)

7

Thb, 27ZL, L, UETHEE EEEERT, I T,
(¢, 0 O]

N=lo ¢ ol =13 (3.4.5)
0 0 4]

EBE,

N={N, L NgE={N, L Ny, (3.4.6)

LR L, LTACEEDSEDOEM o, d"ZRATELZONB,
u’' =N, u" =Nu. (3.4.7)
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FTHEROZFNEFNICHEEAEORBEZER L CETEIZERTARE I L&
MODOBRERD D L RABELND,
F'= | N't,dA,
Ef:?NﬂmM, (3.4.8)

A
e Uity o I EREERIIB TS ETEHOEBEDOAORE /I TH 5, EXIL,
S 71 LCORBEHOEMETE BT 2EROXEF U TH 5,

ZZT, VaAy NERORFTEBEOSKEREICEET 5 FRRLE

L m nl
L=lt, m, nl (3.4.9)

I_l3 my M

LEL. BRI AREN £ LB wE, TREN,
[a] ]

=4t u'=gu,; (3.4.10)
' U,

EERT L., EREERIIBITARENB X OEAM L FFTEERICBIT 2RE S
BIXOEMOZNENOREFRIL, FlX EEOSGE. WX TEX LN,
t,=L't,, w,=Lu,. (3.4.11)

Zhid, TETHREEKRTHS, 2T, YaAr MERONARXAENLRD <
NI X% '

[k, 0 0]

k=lo & ol (3.4.12)

Lo o %]

EBE. BETEEICRIT AFEREMNEZ.
[,

Aw=1vb—er (3.4.13)
why—w'y

LB &,

t,=KAu, t,=-KAW, (3.4.14)

Au'= L(-N,N)u,, (3.4.15)

ThHdn6, 348) RIBTHREANTIRATEZALND,
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t, =L KL(~-N,N)u,,
t, =-L"KL(-N,N)u,.
WoT, VaA v FERIIBITHE AN LHIREMORBBRITIKRK L 25,

(B [~ |N"L"KL(-N,N)dA) y
g _{F’ }zi fNTLTKL(—N,N)dA J{u,ﬁ’}

(3.4.16)

(3.4.17)

n

ERFVa A FPEROVDWSAIEY N I X E 523,

(3) HBDEY &

AEITIE, WBEBERIEHERED/NERERBE LTHIBADOAR LT,
BB EA A LEB LT, 1BV &ML LT Coulomb &2 W=, T4
b, pBESEE LT,

T> U0, (3.4.18)
EWMRETAHEHRICONTIL, MYVRLHEIZLY, KOLEEBETH LI
HABRINE & 2B D RWBEOE (BEE) »HEELE,
T= Uo,. (3.4.19)
Thbb, BVELEL TORME (b &) ZAVTHEBLEDC Lo BRD 5
NieHE, (3.4.18) XEMETAEAITOWVTIE, K344 1R T XS, D
BRI B EAMEN (SR 6 ZRAWT,
K =pol /8,  (3.420)
S X F AR &Y ki, L. BYEGEBELEEETY
BEAIME LITRETHDE, ZOFETIE, BIZBRD L5112, HEOHEVIERL
T (34.19) XEWMBIEDZZENTED, B, FFFETIE, BBOKE %
0L LTWVAEN, BVEBICHENZEDDZ LIRS TH D,

DX, o TWBEY aA Yy NEROEEH SO ABRIMEIXR— T2

4 i
’[’i -------------- 1<S
' i+1
pol Lo AL ks
O 5'1 o

34405 LEHEICBT A AWRIEDEE
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VY, FIT, TR AT NTEE S E D TEET A OE ABTRINE kg 0 DR S
DX AWM kRO IS ICHREL, RARIEZBOBEKRE LT (3.4.17)
NOBESEFET LT,

8
=20k, (421
=1

3. 4. 2 BRFHOERTE

RENCRIT BRSNS L, ERE & NEE R VR R OB BRI R &4
Th b, FEEE LR, SAEERICBTAEMOERFELZ BEBMICHEI® S
I, AREREMNZEEOREEE L TE X, =L, BN EEE &
LTWBDIZ, T TR L DI, Wi L CHMEMBAET S & 2EE
THOVERHD, DD, WEg EHE THOSEIZE R 2HAHERENE 5
2T,

TEERDONMERENI & UTIiE, FEEE L RRIZ, gidz 0—KRBEHT, %

NS DOTHN—E TH Db BEMAREREME vz,

u = ax+a,y+a,z '

v, = b,y + b,z (3.4.22)

w,= c,z+c,z.

P> T, TEEERDOBEREMIT 7 BOEBBRE TEIN, FOOTHRIIKAT
Ezxbn5,

e=a, ¢=>b, €=c,+2c,z,

#5500 &Z6TH (3.4.23)

Yo =@ Ve=by V.=a;

5., ESEEROEREME LTiX, ERIC—EEMNRSTEMNZ., SHIZEA
WrONT AR T 5 Z DM RS 0 TiERWweE LT, KX TERAEN 25
ZTz,

u=d,+a,x+a,y+d,z,

v, =0\ +b\x+b,y+0';z (3.4.24)
w,=c'y+c\x+c',y+c'yz+c, 2
ZOBEDOOTHIRATEL NS,
&=aq', g, =b,)', € =c,'+2¢,'z

Vo =a'th's 7, =¢/+b, y,.=c¢'+a;.
EEEEIZONTS, gldz D—KREHT, ENLUANDOOTHRIZ—ETH DD,

(3.4.25)
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(3.4.24) KL (34.22) REERHERANERD, ZO X5 RAHTEREN LS
2B &, LEEEROEREMIT 1IBEOEEBLITRIN, ETORDHEE
EARET 20 1272 B,

RIZ, ZOXIBEREMEZER G ICWBOEREMNED L D225
WaBEZD, EEEERTOWRE LmO TEICIT 2HEMENA 11X, (3.4.24)
K& (3422) ROEEZRDZ LI - THRATEZ LS,

1

[aow [d\~a, d,-a, a'3—a3—”x1 0

Au={b,b+1 b B,-b, b,-b kyt+i 0 2 (3.4.26)
¢y L ¢ ¢’y 0'3_03J z ¢y,
Ihze, ROESIZEL,

Au = Auy + Ax+ bz’ (3.4.27)
=72 L,

[0

Auy =4b'y 1,
c'

[d\-a, d)-a, d;-a,]
A=l b, b,-b, b,-b,| (3.4.28)

' 1] 1
|_ Cy c, C3—Cy

Th D,
TIT, WBOERFME(, m,n) b B &, WiB ELOREE (X34.1%

R) ODEEEZEICT 5 FMR%~ M) 7 R LT,

Cm, i fEem? 1,2 m? o |
L= ln i+ mon, 2+ m? —‘[1}+m}|F (3.4.29)

| L my npo |
THEABI, WEBREE ¥ & SFEE x ORI, BBRITEBENOEA: &
el SR
x=Lx+x,  (3.430)
Tho, 2720, BIBIIEAZZEZER LRV, 2IXFIZ0THY,
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| xE{;} (3.4.31)
0

Thd, 1€- T, WiELORTERICI T DHEMEMACIIRATEZ BN D,
Au'= L (A, + Ax,) + LALX +L Bz, —| 2 +m>y'). (3.4.32)

ZOEIIT, (34.24) K& (3422) RTEHAKE THEBOERENE S
25 &, EEFICIT HBE OMRTEMIT., BEER & AT ROMEME
fir (Aw) ZERFE (X) &EELEM (V) O 1 KEHTHIN, HL L
AT R FEDEN (Av) 725 NCHBE & TE R F A OEA(Aw) L ZEH 5
(X0) 121X 1 kBB, &L LEm (V) ik 2 REHETEILTRZ i b,
TDXIBRBEOCESBEMEIIOVTIRSRBRETARHNH B,

3. 4. 3 EHBREFRZRICLILEHBBZEREFLEDRE R

(1) ERBDEY A ELVMESE :

W DB 2BRELRWEGE. AREREICLSBEMUBERFHFOREREZX
WrigzZR L2WRE—BEOGELREETHD, TRbhH, KBIXmERE
D/NSTRERBEMEE & L Cbivd, BITORER. BWESE L RVISTREEIC
b EPRHERINNE, BONREISBIEEROIRIEBS N & UMM
SND, £7T, WReTHEEE, BREHEL X DMER (HiER LK
) &ENDSOER (NS IO LR 2o, BEF 2 ET ENEER S
S, ARREFRETIE, BB LEZTTLVOEEEIZOWVWT, kDO X 5 A
HEHREMDOBERE S DNTEBRAGHEEZRESED L) IT#EL,

& LR o

elZl, KiERWE~ NY v 7 2 wliIBiREN., FXENCK 2887, Fi
AFNZEBEEIITHY ., WAFD s, i1, TNEN, NEBER & NEEREZ R
T £, BB HLBEITIE, THERSE BHERTHMEREN u, NER
%o BRI R M CIT SNBER OBNL us % 5 2 THREBEROZEN u; 2 fE <,
Zo%E. FOaMEERORITHY ., Fiid&T0 Thd, EX»d, uhs
ZBNIZHED u i TRAD L STk D,

K, Jt, — ) =K, J(w)), (3.4.34)
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21Uy wig l3ANEEBERDETOERD 0 DBEDOWNEER D E S DEED KT

LHEMTHY, KTERXLND,

(&)@ =) (3.4.35)

(3.434) Rix, ENOEELRVIZNEHEROEMPEREN L HFITHZ &

EE%T D, {to T, BN CERAEM2EEHRIET IR OVLOERE—
ROFITEZBDHEE. TNEFNOERET— R THELNVTZNEBEBROELL u; »»

LESOEEOIRT L DNEERDOEN up ZRVTEREDEDILEND D,

IR EEEMTIRE D Z 2D, ZDZ &k, BEREM L NEEROR D

BRIZOWT BN T 5, Thbh, EHOEEOLRIC X 2 NEEROEN o

NOEHDOHDEEBC L HINBEROIE N ETFOHEL TBITIE, FERE—
ROEEFREALD B RO T-NEEIRDIS 1 b E S DHOEEIZ X BIET &RV

TS TNE DWW TEREDERRNT 5,

DL, ROL I RFIETHEDHET —F PO EMEIBERFEERD

BLENTE D,

1) BEHOREOHLDOENM up 2RO, ZNNOHEER m TOEHDOHDEEIC
iy 5}75j7{0'ijom}725k&) Do

2) HERET— FKIZOWT, BAIEERKu = | DLDINTEREN 5 2,
HIES m COES{o™ZRD D, > T, FIZIETEHEEOEERKDOE
Bh RHGEICIE, EHEERONEREMITIETO & L, EIEE0FE
BEOEEL RHGATTEHEERONBEREMITIETO LT3,

3) mATOREET—Z {0} (m=1,MIZHOWVT, KRDOBELZFE/NETIE
B R oy KD B,

(o™}~ {00} = Zak[{ai}” he={ojt ) m=1,Mm). (3.4.36)
k

BT, MEF—2% (EHRHE) SEBRROBU LhIUE, 2TORE

wu

BREERODDZENTE D, LKL, DOBREODKELZHRT DI-DICITEER
BHEOELY ZVEVITBRLRT — I BLETH D,

(2) BFENEDEHE

WD Y ZEBRE LRWEBIC G MORR. 27 & bWE0—EH»E
DEBFEHELTVDIHEITIE, BIBDIEY 2ZE L7 SIS /155 23 B
2725, WMIBBREAHEIZOVT, £7., EXONTEREHIZOWTISHE
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T4 2%e (EMEY) O7o—RER 3451077, B0 EREEZHRE LA
DWTEEICRA72HFIET (3.4.19) RETWESEDLH. Y MO, EoidH
PEPDIEY ~DE— FEENRS, 2OV EHLTHR LIC# A OV Tk
TREINDBE e PHDME e UTICROTHEITHRVRLHEEZKT T2,

. 2ld=doh (3.4.37)
,/ i

L, NIXIBY &2 HRE LB Ao Tth b,

WP 23 1B 356 OIS 1 EREmE  GEREATE) & LTI o0 HiENE
z2bhb, RETIE, WBOMESCERMAZEFRZR DT OBIERME & BBl
BREDHBDBEZ OGN TWAEEIT, HIE INZHET —F 1D &2 F CREIG
NGEFMTEBENEEZD, Tihbb, BBRESNICE-> TWHHEEIT,
EDEGBES TODEDPRTFOONLRNVEEEEZD, ik, &%, B
DEDELIBE > TWDENEMBEZEBRETHEINOTHD, ZDXHICH
BMERETHE, BIEINTZHMET —F M OB EOIF Y EIR & KIS %0
MAERETHZ &I D, Lo, RBISAE L BE Lo EgITE VIS
BERH D70, WM TLT LHBEES —BIITEE D LIZR 52,

X 3.4.6 1%, BBV 2B E LIRSS ETIMESEDO 7 o —KTh 5,
AFETIE, BRI 2 BIOEBIS N5 21T - /2%, 3 B B ICE KA 2R R
IS BT 5, BRI, Wi ORIEIE AWTRIME ko ZHMEE S L, HolrE
EDOEFHRBE S TNRNE WS RETHTZ 1D, BICRRD4E VR LUEHE
CROBBDIRY ZBR L IZRBIS 15 5T 5, Z0HE. BEDIEY ©
LTI MET —F EAWTERBIS 15 Z M 5729, B0t A
WritE & U CHMEEZ AW T2 h0 5 &, BURLEHEBEICLVERBDEY
EERLUCRBISIGEZFME L TH, BICHRND X 51, KIS 5 %8/
i35, £ZC, 2E B TiX, BiBEENIESD L5 REUEPLEITEZIRD D728
(2. W ORIEAE AWTRIE & U CHEMEE A B D EIE rin E TR UZEE BV, 2
DOWiE DB ENT T TVDEWVWIBRETHENEZHD D, ZOBEIT
. BRICERD Ko, RES NS EZ@RFMT 5, £2C, 3EEE, 1H
B & 2 [E B TH b AW E 2 FIHE ABTHIME & U CREITZ 489
Ho ZOFE, Y AMRIMED HEME L R T THIVTIE > TWRVIREE, BEE
BELV/NSTNIEE > THD LN D E— FOYIHIRE TR Z 1D B, 6> T,
3EB G LN ERIIEBEOREBIGEN IR TE B,
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s

P A CERBERER) |
—

VaA v MVERUSOER DRI R 7 X K OHE

l
Vadr NEROEHRDNSIBIME (k, k) =THEMEE

2VaA v NERORIM MY 7 X K OFE
[

2EORME~ N 7 ADFHE K=K+ K;
|

REENDFE
[

VaAf v  VEZEEHE DG, . HIAELSB LW

e, =|d-Ho,|DFHE
I

B EMHEmRE LERD ks DIELE : k= ucy/d
[

z = | Ak
o= 2e, DEE
N

M - JBED DE—
NEEH=0

{oy} DETE

X 3.4.5 Wrfgig v 2 Z B L NEITICR T 5 7 v —K

93



[%~&Aﬁ<ﬁ5f~a>]

|
TaA v NEZBUNOEZOMIM~ NI 7 X K DHE
i

(1) ¥aAy FEFEOH SO ABRNE k= BiEE
2EEDOE— F=1F1 72 LDIREE
[

VB0 BB LTRSS Y (BB RA) DG
[

JaA v NEZOEH SO AERIME= kD

(2) VaAr NEROEMR DI AWTRIE ko = rin* BAEE
EHIROE— F=1F D RE

l
BV 2 BRE LIZRBUS 1 (BRI SRRM) OFHE
I

Va v NEZEOE SO AWRIE= £®

(3) Y= A > FEROEROHE ABRIE ko = O+ £P)2
BEHROE— N=180 R VIREE (ko= M)
=BV IREE (ko < BEMEMH)

I
WY R EE LRSS (EARAE) O “
| |
{cj} DETE

X 3.4.6 BTEIRY &2 EB U= Eir 2o 7 o —X
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[ 3.4.7 1, BIREDHIHAR E DRI B W B IS S5 HiED 7 0 —KTH 5,
W B4 B S 0 A BTRIE & VB 0 I A E— ROVIBIERRE Lk, HESF
—# E VTR FECEBEELREL, KiIZ, ZOBBEEKTEX
5B BRI RGOV T, IEEF OB5A L RIS, BBOXEADHEY
RIEZ FEAE L T ABTAMEAETE U, Y58 LEHEIC X 0 S BRI R
BB DRI U IRIEZIRET B, = OB CHBE SO AMRIMEANZY
TEDOT, Wiz, BEWEBORME~ N 7 223E L, BOS 2 bR HET
— BN EBREEIET S, COBEEEVEL, KR TEZONIRARE
3 ers MBI & 72 D BRI A BB L LTIRET 5, |

ers=Jzz[{GU -t }m], (3.4.38)
M

FREL, (o)™ XHERS OWER., (o IIHERS OREETHY . MIT7
— S ETH 5,

3. 4. 4 IMRABEETINICKIHBOFLETME

(1) MRABETILE L UVREDTE

AIET TR A7 T EO BB IECWT B 2L S WS R ETEE L2 M50
W2, BEELZ S/ MEEET L (0mx60mx40 m) ZHAVWTEBS B
AT o2, FAWEETAEK 348177 T, 72720, FIRIL, BISRRBE
BUS IGEEE GHEARAT) ISR W2 518 Y OHET — & OFREUE (Data & 1—Data
R5EES) ZERLIELDTHD, BRI, HiRdk 718 T, T N0 YH#S
AP RIZAED 12 O (R 16) BdH 0., ZoWBIXIETHFABIOE
FEm (XESH) KEBLTWS, KEFATIE, MIBOALDEEL L D578
2, EEEEE THEROBEMMEE R L UHEIERE— (Y2 7% E=10GPa,
BT Y U bv=025, BEp=2500kgm®) & L., BBOBMEMH A ARERE LTI
TEMIME £, = 100 MPa/m, ¥ ABTRME & = 36 MPa/m 2 7=, £/, EF /L
ROEEBELHLZOIL, EHERZRIZERLD 1 ERS 2RO - NEREER
(24 BHR) ZIEHEERE L,

AETE, MNEEETAOTHB L OLEEEERIC, ThFh, 3422) R
(3.424) XKOEMNBEREFHEZE5EZ, BV EBELLRVWEE LBV E2BETS
e DT 21T o T2, WThOSHE S, ETIERIT CET ANDIG 5575 &K
W, WIZ 12 RO 6 R HHET —& & B U RIS DS 21T - 7=,
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VaA v MEROH RO VBRI ko
RE— F=HHREE

I

R ersm =107

()
(3)
(4)
(5)

{cjo} DEE

2VaAr NEROAIME~- N 7 R KOFE
2EOMIE~ N 7 ZADFHE K=K+ K,

HEBRBIZ L DI (o} DFE
RANTRIEICED

HEREDORE

(2)

(3)
(4)

e=

N

(1) NHEMLDEE
VaA v NERKEE Do, 1, FEMEMSE LIUEE
e, |- o, |03 E

VaA v PEREEHAOEARRIE LS T— FOEBE

2 3t

E—FEEH=0
DD e < e,

(1) KO#E
(2) K=K0+I(j

]

(1) {oy}DEE
(2) FHMERZE ers DEFE
N
ers < ersm
Y (1) BiEIOFEMED

T L, Rodk

(1) ersm=ers
(2) &AL,

BREDo, titE

BEREB LY a A b

2) {oj}DFE

[

X 3.4.7 iRV BB LW EITICRB T AR EZD 7 o —K
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7e . NERENT CRW T BARE R SIS TORETR—CTbs, HET—
2 DBRBE 29 T2 3481277 LTH DM, Dataset 1 IXWTE > HRBEINL T S D H,

Data set 2 [T BIZ IV A D F, Dataset 3 X HBEENZ R TV EEZES L
VAWAWAW4
v o)

3% 4
S4By ¥4
V4 %4
Y CERRAI
T 7
s Y I Data set 2

Y wawawi
VPV AT

: — //
7 G A& 9. 74 (V4
Vav v (O o eTAVAY s ol g7
X té?jfgyﬁb;é7
Uy Cl T
R P TP
g s ALY
— Dataset3 il Data set 4

ST

NN N

<

AV

Data set 5

, % % J? AL LY
- - $ - /

% :‘%’ by PR 0 ,.,74 as
AL L /

3.4.8 NRABET VR LNV 2ZE L HETICRIT 2 ET —F O
BUR, .
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“HETHY, ZhbiE., Wi X BAMOFEEN LT —F ZEREL TV
5. —JF. Data set 4 (ZBFE M LEEN = R &LV AR B NIW B DO ERICHWIZ

BENT- mNEIE LTS TH D . Dataset S IERTE LB /- S CTHE D ERIZ
HWIEENT-SDBETH D, 2B, TG OHMET — & SITRE Eizide v,
IS DFHBREZE L L CIE o0 MEE AV, —2l&, EHEERN O I
T 28E e THY, ADO L HIZ, HEEBEBICBIT ARSIV T
THIE & EEOEDOZED _FRMOEFIREEZ A,

o J 2208 ~ o)

, (3.4.39)
6N,

L. of, o ik, TN, FRISHES L EBEDIEAKSI THY . Nrid

EHEENOEEAETHS, LI —2iF B LOBEIS o EEARIG T
BT 2R E orF T, RAD L DI, o &L D THNE & EREDZED ZFFEF DI

ﬁwiwf%é

J A — o + (7 - 1)}

2N,

7272 L. Ne l3ETE LORETISEDOESTH D, Wi EOIEHIEEE L TWAE

TOIRHBEINREDREEEFLTHHDIC L, EEERNOE AR, BT

B AWG TSy SRS IR TN EWEE, (3.4.29) N CRAZERE %

79 &, Rtk BENNICRZADZEICEELZET S,

orF = (3.4.40)

3

(2) BMEDRY £EZE LEWNES

[ 3.4.9 1%, WrBMSIE L RWIGE DRI CH NS EOE!EIS o, & F
G T DR CTH B, FIKIZIL, o DBEBREIZ OV T r= uo, ODBEGR%E
RLTH D, BEEBELN 0.3 TIIETOBBEISSEDREITRY, k&L
IRBIfE ST & ERHET AMBH S /N5, £2 T, RIZELHIE
D EER UM CIL, p% 035, 04, 05 &S E, FHIRERICKIETIED
BIRORE SOPEBIOVWTRE Lz, B 34.10 13, BIBANELRWEEITE
FEATIC K o TRO LIS NS (BNEEREN) 20fmL=WE LD, - «
Bfr% ., EMET CROZEED - dAREHB LD TH L, /2L, ﬁf
F— X OEFEEIT Dataset4 ThHbH, ETOEDPRDLNAE DD, WEIX
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2.4

H= No slip, Forward
035 04 05\ P
2
@%o@?
@R c o
g 1.6 N0
| Y
1.2
0.8
04

=7 -6 -5 -4 -3 -2 -1 0
o, (MPa)

349 WBIE Y 2EE L2WBEDIEMITHER (BrE Eoish))

2.4
2
é@ 1.6
e
1.2
No slip, Data set 4

0.8 ' ‘

o Forward

o Reverse

- 04 | |

7 6 5 4 3 2 1 0
o, (MPa)

3.4.10 VB 5 72V EE ONERRATHE R & W ARTRE R O Lbi (W8 | DI /7, Data set
4)

99



—FH L TW5,

(3) WiBNEDIEE
3.4.11 1%, p=035 OBEDNEMFTICKIT 280 R UL kg LS o
BREZRLIEbDTH D, 3EOHRVIRLHETEYFREEZFHET HHBELNT
Wb, ZhiE, tMOEETHLRUTHoTz, 2B, VR LHEOKRTHIEIZ
FAVNTZ3R22E ¢9 14 0.01 MPa TH D, X 3.4.121%, =035, 04, 0.5 DEADE
TR T D, BEEEPKRE 5 LIBVEEN/NEL 25T L NHERT
X5, INLDIEFITIZ L > TELNZIEI D 12 EORIESIES 2 #ET —
2 (12X6 7 —4) LB UCREIS 150G 21T o 72 (K348 8M), £D
5. KO 3380 OFECRIBIE S L 1B EROTH 21T o 2.
1) WE OWEE AWIRINE ko 2 BMEME S L, 2> 0BE EOLE RE > TV
WEWIBRTETHRITZ MO 556 (BE L, ZOHEE2HAKrin=1 ET)
2) WiE ORTEAE AW ko 2 HEED rin f5 & L, 2ol Loegimand
TIIESTWND WO BRE TN 24D 5545 (rin=0.9, 0.75, 0.625, 0.5,
025 D 5ED)

2.
4 R E—
# = 0.35, Forward
|
2 A Ist
¢ 2nd
o 3rd
jé: 1.6
[ Y
1.2
0.8
0.4 \

o, (MP2)

3411 VBV BB E UTZEMENTICRBIT 2B DR LEE KB Lo T (u =
0.35)
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2.4

!

Forward

1.6

7(MPa)

1.2

0.8

0.4

o, (MPa)
X 3.4.12 VB0 2EE LU EETIC L D08 LoJEh (1=035,04,0.5)

3) WiBEE S OWEE AMWINE ko & rin=1 & rin=0.9 THE L NIZEDOFHE
L., FOMEPEEMEEELITIE-TRLT., BEEXLY b/IASTH
ITIB -S> TWB L WIRTETRIT A2 BDDHE (ZOHELZ Av(09& DHEFR
ED,

EF, EEEROGFHMIRZEN K b /NS hro 7z Date set 4 DFEIT DN TH]
IR EDEEIZOWTIRAD, rin=1, 0.9, 0.625 33 X Av (0.9 & 1) DHE DRI
JEHEEE TE LN EDao, & DREROHE £=0.35,04, 0.5 T,
FNEN., K3.4.13, ®34.14, ®34.15RF, 72720, HEBOZOIZENE
NOBBREK TELNZIERITER LR L Th D, WTHOBEREBEOEE S,
W8 D A A A BTN koo % PEMEIE & L 2> oW E E D 2Fi SN TR E W
HERE TN IBDT-5E (rin=1) 121X, BB LOISTITER D, - B8R &
DAAEDITFEMHENTWD, ThiE, AVWEHET -2 BIFBHRY 0OREL*
TFTWBED, WEOHEABRINE ko ZHEEE LT 2RO L. TD
A O RIRIS TR EA M E N, TS BOBY IR LHETE+SIEET
RN TH D, FICBMEESRIZD 5 W8 OIS I OFHIREEN R EV, T
ST, TROFERAKREVIEE (BRAESNEWZ L), AVTHET — 4
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T T 1
#=0.35, Data set=4
2.4 . — : -
rin=1
rin=0.9
rin=10.625
Av(09& 1)
Forward

@ & ¢ 0O O

7(MPa)

o, (MPa)
[ 3.4.13 W& _E OS5 O WA 75 B & NEBAT & DLbEE (u=0.35, Dataset4)

\ 4= 0.4, Data set=4
2.4 ;
o rin=1
o rin=10.9
o rin=0.625
¢+ Av(09& 1)
. 2 e Forward
5
16
1.2
0.8

o, (MPa)
X 3.4.14 W8 L OIS O fRITHEF L NEfENT & OB (=04, Data set 4)
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o%oooooo\lzo 1= 0.5, Data set= 4
2.4 : . |
o rin=1
o rin=0.9
o rin=10.625
o AV(0.9&1)
— 2 e Forward u
«
g ]
16 % ‘
[e)
1.2
0.8

o, (MPa)
[ 3.4.15 W@ L D 1 WA R L NEREAT & DHEE (1=0.5, Dataset4)

WCEENDIWBIEY OBENPREVWZOBEENRRE L RoTWVD,

—J7, BB ORIHIE ABTRINE & U CBIEE D 0.625 (FDME (rin = 0.625) % H
VN, OB LD ENTTIZHE S TVD &V I ERE CHBITZ 6D 5 81
X WTNOBEBHOBATH BB EDo, - RITER LY bRE <20,
1BV ERLIBRIMENTND, Ziud, BEOWEE AR ko 2 FPEE &
DINRV/INESVETH D & LT EIRD D &, T DOHE DIRBIG %K
SEE, TR EOBRVIELHETII+SIBETERNWEZDTHD, 1o
T, rin = 1 OFALITHIC, BV EEIVNSVIEEAVWEHET —ZICEaEh
DUTBIE Y OBEEBP/NS N0, B EEN/NSVIEE (BEAEDREWNIE
E) BENRKEX L oTWD, M5, rin=09 OBAITHENREmERL, 18
VSIS K & Jp =035 DBAITITEIE OIS I8/ N S AL, ¥R D SIS X
VNS T2 u=0.5 OBEIINRE OIS0 EKEFHE S LA ERICH D,

DX T, BEAEN/NE L TR VEENIEVGES (u=035), rin /NS
WEDRETB OIS OFMBENEVOICK L, BEEESKE < TIBL ER
DERNEA (u=0.5), rin BPREWVFTBEIE LIS OFMBER <. 18D HE
BOKE EAFREBREES (1=04) X, T HDOFEBR rin OBEICFHERE
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ENE, 7. WIS AW ko 2 rin=1 & rin=0.9 TEH LN EDFEEHE
L. FOMENHEMEMEL %S LITHIZE-> TRLY, BMEEI Y b/ SITNIEE
STWBHEWVWIRE TN D Z5E (Av(09&1)) 1E, Wi EDRRT1IE rin
=1 & rin=09 OFEIMELTWD, T, Wi ORI OFHBREZE erF &
rin DEBRTE LD LONK 3416 THDH, 12720, BYHDELEZREFIETH
THOBEBBREIZOWTOR/MEEZR L, 72, Av (0.9 & HDFE %, HE L,
rin =095 & LTRLTHD, BEEEINNSWEE (1= 035), FHERRZE erF
Zrin & & BITIFIFHEMTH 010 U (EBEIZIZ rin=0.75 TR/MEEL 25) . B
BARE A K EWVEA (u=0.5) 13, FEEREE erF (X rin & & BITHDT D, 728,
WA 72 BE RS (u=04) TiX, FRINR rin DS (rin=0.9) Th/NRZE
LB, ZOEHIT, BB EDISHERBER T 5720121, 18V 5
REVIELE rin Z/NELTEIRERD D, B, rin=1 & rin=0.9 OFHEL L
BHE CEEALFE) BB EoIS ) OFMREE % M LS R0,

—J5, B 3.4.17 1%, B ERIZ T D) OFHMEiRRZE er & rin DBBRTH D,
L, BYOSLEESER/IMEEZR L TS, rin DREIIETE LOIET)F

0.25 I
O | : Data=4
02 #=0.5
s \
S 015
% \
0.1
Av(09&1)
0.05 1 =0.4 |
0 i € O \o\ \L

1 =0.35 ~0e_]
S IR S o

0
02 03 04 05 06 07 08 09 1
rin

3.4.16 WENTIZBIT AR E (rin) & BB L OIS OFHRRZE (erF)
D% (Data set 4)
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0.13 T T T T
#=0.5 _
T Data set=4
0.12 —
é\ 0.11 Y\
. 0.1
>
\ Av(09& 1)
0.09 |
1=04 l
D [}
0.08 4% s 8 S| %‘
=035 N
0.07

06
02 03 04 05 06 07 08 09 1
rin

3.4.17 WEIC B DR E (rin) & EBEBRNIG S OFHMEEZE (er)
D% (Data set 3)

MOZE &R0 Bie s, BEREN/NE (1=035)., BV HEEIREWVWEE
iE. rin=1 OFAITEERKE VD, rin<1 THNIE rin ODEEIZ/NE WV, FY
fEFE (Av(09 & 1) Idrin<l OBFALIZERCEEEZE XD, u=04 DBE
X, rin=0.9 F TliL rin DM E & HITRREDBONIHD LU, rin=1 TEEN
BTN LU CRARBZEICZ2 D, FHLEFE Av (09 & 1) ZHAVD &, BB
/7B, VMRS E WV u=0.5 DFEIE. rin D/NEVERERFRE
BET, rin DI E & HIZBRENAIIZED U, rin = 0.9 OFEITEENE/D
LB, WHLFE (Av (0.9 & 1) ZRWEEEDOBREIL, rin=09 & rin=1
DR D0, B/INEEE 525 rin=09 & KRERETR,

DL er & erF IZRIET rin OFBOZERNED X BRFERTET T
HNIBREETIIARATH S0, B TIE, EEEEEADENEREER<
AT 5 ENEETHD, £, BVEBEBRAOE FMET —F 56 IR
ISHBERERSFMT A aE2D L. K3417 00, rin=09 & rin =1
TH LN AWREDEHEZ KD, ZOEIEEE L ELITNITHE->TE
59, BEMEE LD B/ ITIEE S TWD & WD RIETHITEZ O IE, 1B
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FEHORE SICELLPTEREBENOIS N2 HABREBERSFHMETE LI L
Wb, EL, ZOFETE, Boh-BRIRNRELS D LERD
TRV,

rin=1& rin= 0.9 O¥ABAMEDOFHEE BB E (Av (0.9 & 1) 1220
T, WEF — &% ORBALE IS~ RIE TR EY . K3.4.18 (B Lo
MR orF) & [X3.4.19 (FEEEANOSIFTHEEZE er) (IR T, BB OIS
FIEHMERZE erF 122UV Tl Dataset 3 & Dataset4 DFENITIER UBELZ 5 2
B2, W LIS HEHIREZE erF & VE BB OIS JTFMERRZE er DWVTHD
Data set 4 DHIE T — & & FW 2B AICRRERNR/MI2 > TV D, FRICHE B EIR
DIEFFHEICEI L TiE, Data set 4 DHBEITRRENTEEIT/DS V. THUL, BB
NHEEN T S OHET — & 2 AV -H4A (Data set 1. Data set 5) (IETEDE -
TUWB I & OEERFR S U T2 DI R8N 7155 O TERE 72 FHm A T h v s,
Wi, BBV EOHET — % OB % V286 (Data set 2) &, Bif@ Lo
JS L AR EEIEREIC R T 5 258 o DBEN 72 B R DS ) & IERE I FRAE T &
RNZ Ik B, o T, N LEEN T AOMET — % LBTEITEV RO
EF—ZOmBFERANTI LD TR Y EMREBIL IS ZIT) T LR TE
Do

0.1

Av (0?9 & 1)

0.08

!
$\ =04
0.06 _ it

N
(RS

1 2

erF (MPa)
i
o
B

Data set
3.4.18 HIE S — Z B EEDO KB Lis HEHiEZE (erF) ICRITTEE (FB
L3R Av (0.9 & 1))
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0.16
g

LN
A

0.06

|
Av(09&1)

er (MPa)

1 2 3 4 5

Data set number

3.4.19 #ET — X EUEOE B EENIS DEHEREZE (o) RIS THE (F
BMEFE Av (0.9 & 1))

722 L. RECTHWEEREMBIIWE OEMF I bEMSEMEZE LTS
W, BB OEMEROMNENEELT — 2 2V INERDD 2 b,
EFH AR DAL D & HET — 7 24RIT 5 BER 5 5,

2O EDIT, BIEBESHNCIE S TWAEAIZIE., BrBICIE VA LB A
TOOEMFIICRR DB TOHET —F 2HV, S I TONBRENE
DRNWE LERELETOMBERD LIB->TWS & LIZRE (rin=0.9) O
HOPHRETHONDEAMREOTEHEEL ANDZ L2k, HEBRED
WEEE D IRBIS HRFE 2175 = L3 CT& 5,

3. 4. 5 [LREICHEOFEO-OOEERMEROETIVE

KREITIX, A% ORI BHEERD 12 91247 - I B #IX O F 5 BIZHo0
TS, FRHX OETE 9.9 km X Bk 9.6 ke X 18 &9 1.5 km DOFEI D KIS H
REWRTTAEEE K 3.420 1R T, 72770, LIRS & B LT L 5
FRMELAETOHREE (EFER. AREE, HHREBR LK RR
J8) Z—o0EEEA L, #iRE, LEEREREHEREHOBERERLO
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AEMBEZ#EN-bOTHD, ok, HFitRaR e HEREEOEREB IV
HMFEIT 100 m BREOT—F 2 AN THW b0 THY, AHFWE Lo LI
Mias CHEBEEOERE, £/, HEOHET —¥ %AV 25 T EDORIRIL L
IZBIT B AR T A —/L 98SE-01 & EBRRITBIT AR T HR—/L MIU-2 B L OHIES
PR B x5 & L C OEREBIERHBITZEET O MIU MHSIOMNEBE LR L THDH, Z
DX, HRHEIZZ DX S RIEHEREZZ 2 Th A EWBAEE L@k T
HU ., RIS NGB W TH SHBORELZERTHAZENEETH D,

AEENE A . HTE 14X AL 13XIES 11 OERIIHEIL T 21T 72, HiE
$h1l & EEEL ST 2 km X2 km X 1 km O H.0E % s SR O 72 6 O 1 B FE &
L, £0 5 FORE~TEESEFERICE o TobiF Th D, 728, HEm., +
W76 R & R A OBERA TR LOA EWBIE T 2 T ERICEEILEHR
THILHCERE L, BEESEIREZX 3421 12737, EREITERER 1848,
VaArhEFE 154 THY, BEEITI B2 THD, =L, AKTIE, 6 miE
EEOT7 L —LEESTLTORLTHY, LETEREEZ R, HEEHELT A,
AEWRBEZM TN TH D, ERLENIASHREHFIZE. EP08IE EH
St LT, B, TNENOBEOFHNE LBEEIT—MFEEOREE (K
H., 2002) OEDLFEHELZIRD 2 EIZE VRO (R3.4.1),

T AERERICRIT 5 A SWEoRERIME & S ABRIMEZ RO X DIZFMEL
7o Thbb, WBICHET AT —F_X—RI2L D L, BiBOKFENDLDMERA
I3 47°—67°TEH) 56.3°TH Y, SREFHDE 1L 20 m—25 m, F#23.8 m T
HHI LD, WBLEERFMOEHESEZ 132 m LRELY, bIT, W
J& O RN E BRI E S ORI ORAEED 0.65-0.77 %, FH 0717 ThH 5
e, tIRIEEETOWMBOY L S REITHERDIED 0.717X0.717
T (25800 MPa) Th D LFHMlI L7z, 2T, TkIER ATOASHELZ, EX
t3132m T, VT REMN 25800 MPa, RT YV oty & LTa7 ERUE

3 3.4.1 FEATIC AW B K L W o FERME

. B EWrE
. BE | YU SE|ET Y =
PN 5 EE@IME - AW
(kg/m®) | (MPa) tr
ky (MPa/m) ka (MPa/m)
RS 1870 2270 0.309 88.4 32.8
T REE | 2560 50100 0.350 © 1950 724
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(035) 2FTH5HBTHHLEAR L, ZOBBOBESAICKHTHIEREL X
O AWE T T 2 ABEMP S, RN Z AV CERERM: & & AR %
A L7,
k,=E,/t,

k=E 1{2(1+v)i}.
ZORER, R341ITFRT LD RhEEREEEICKIT 5 A EHBOEERIN: L &
AHTRIEDR B O NIz, 2B, TNODEIIHEBEF CITER LM, TN EFHM
THEEDDFT—EZ NIRRT, AETE, a7 hoROEEESEO Y IR
DIEFEBEDY > 7 RIZTHEAWTHIEZR U, #ERESEIIBIT 5 EER
PEEHABRIMEE U, ASWEESE U RBK O RSG5 M4 #%
DFRETH D,

(3.4.41)
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4. F&H

AHFEIL,. 3RITHHSTREOREEM L EENIZEEM L 5 2 FEORZ
ZHEE L CERL SEENS I 5FEEETOIERIERLEZLDOTH B,
R 1 SEEIIFROVEE L LT, BEFEOFRINE - BEZITV, ZOHR
WESEXSEREHEZRET DL EBIC, AMROEMCY -V ET L E X
LI DIENTFIEDREEIT o2, o, BLBERBHTY —NVOBEHFIZONWTEE
ZMZBE EBITINHLEITY — VOB ERART,

TRk 1 4 EEE, 9. RYEET VOHENICEIT AEAERR, o8
W, 13EECEEDONET—FEy M, SKRIEETAERY — L% AW,
1 SEEICEESN-2EZEHEICDH &S0V T, ERICETVEER LTS
W NBRED =D OFBERIE L HRENEIZ L 2BTE1To7, Thb
b, BRERELZ AW/ EF I X 5 R — O BRES N, ARERE
12 KB KREE T VERNT, ARERIEIC L D/DEIET VTS L OERES
B L 2 FERE T VRN 21T o 12,

TR, ISHFMOBE Y. BEOFRE—MOLR LT EEOEEBEDE
BLHDHZ EBbhrolz, Fiz, KETT VOB G, FIBIILOK 4y
FIZDOWTIHREEEREEIC OV TERENKE LS, EBEFA#MICOVWTIERE—D
EREETORBHRERIGHABIEZFBRL TWRWI EBlbhoalz, ZD7
b, MERERRECHEBEOEEEDOKRE bz, ASKBORELEE
U= 24T R ER B2 E b Tz, INREE T VERNT O RIX,
HENTRE R OEREMEZRST 5 E Tk, BWZET VOEEMEOFE SR FI KT
HY, KFVEBRIFOHERBERZRALEETAVREBETALERSD Z &N
binotz, FHEEET BT OKBENS., FRBRMBIIIEET OIS B HEE
ENTen, SRITTIEFSIF AT —F OFFTLAEZ 5 ¥ 7= TR E#E R OISR
METHDHZ ENbhroT,

Fe, BREREIZE D SKRTISHBRIEEZIT S 12912, 3RITERERE
T2 — FOBRREIT o7,

VRt 1 5EES, BlaHE, AREREICLD/MERET VBN, BRES
B & 2 FEERE T VTR L OFEREREIZ L 5 KEET VBT 21TV,
DOBERBERIEICL D FEBRET AT To70, 72720, FEkl 5FEICE
WL, /AMERET VITIEEGILET AT TREBRET VB I HRIEIL
l « EBEET LD 3 —RZONWTIBETANEEIN, ThELDOET
M L CIRBOT RN Er &SN, £/, BT — 420l WEEE2E -
Wiz, fEE%E L e TEHICo T 4BET VITEE L CARBOT 253 RKD
bz,

HIBZESEIC X B PEEEF VBITICRB O T, #HiIBEREZAKELEP, &5
2N EBROHBERICH L TETFANEEIN, KBS RD b,
Fio, BEREREC I DPERET NAVETICBNTE, (1) BRIV RYE
A BEM f@tfo— FEAWEERNRAYEET LV, (2) BBEHEORT
Y UE 05 & LIEBEDREEET N, (3) EBISHHBZ 7, 1,7 bd

5 LEREEET N, (4) BEWRBEZELRHEETAEBLIY (5) K
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BOFELZFMEICE SR ZHEET V., OFNENIZOWTIRIEIG 185K
DO, BERNGAISHAENEE I,

HIRERIEIC L2 KEERET VETIZBOTL, B2 ED7ET A3
S, BrEOEY 2EBEIZANT, WEZ 80N —EED RO T A5 EE
BHREL,

SH%ORE

SIILET NVOBEIZBWCIE, BEIZIX, #HEOERSE, L—F7 7 b
= R HBOEE, ﬂgmﬁﬁﬁﬁﬁk%wﬁ%%—F\%@@W%%E&
SIZBT A, EFAZIED DL, SKEETNAVOEENICERYBEERTNIE RS
2N, FE T %%éﬂt%?w#%%iéﬂém$£mﬁ2&%®ﬁﬁ%&f
Wi DB LI OWNWTERTEHIENMNETHY, ZO-DIZi. Pl2 ik
RKEAEIMREOSH % SIKTETFLVDOHAETEZ L NEETH D,

¥/, 5%Thbivd MIU 2| OESIZHHOET,

- MIZ-1 FLIZ BT B /K ERERS DB ERE R

- MLHURH) EF'@%\ LUV DHLIEIZ BT B RSB ERE F

& DB - AT EITh R T LR 6w,
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