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Fundamental Study on long-term Stability of Rock
from the Macroscopic Point of View.

Seisuke Okubo™
Abstract

In the fiscal year of 1994 when this project was started, a pneumatic creep testing
machine was modified. At the end of the fiscal year of 1994, Inada granite was purchased,
and the preliminary tests such as P-wave velocity measurement and Schmidt hammer testing
were carried out.

Through the fiscal year of 1995, a specimen of Tage tuff under water-saturated condition
had been loaded inuniaxial condition in the pneumatic creep testing machine. In the fiscal
year of 1995, the uniaxial compression and tension tests, and the short-term creep test
of Inada granite were also carried out in the servo-controlled testing machines to obtain
the complete stress-strain curves. A hydraulic creep testing machine which was planned
to use in the next year was modified for long-term creep testing. Finally, a constitutive
equation of variable compliance type was examined based on the experimental results.

In fiscal year of 1996, creep, compression and tension tests were carried out. Two
types of pressure maintenance equipment (hydraulic and pneumatic types) were developed
and examined.

In fiscal year of 1997, creep, compression and tension tests etc. were again carried
out on the basis of the results heretofore. In chapter 2, the experimental results of
long-term creep testing of Tage tuff are described. In chapter 3, the experimental results
of middle-term creep testing of Inada granite are described. In both creep tests, samples
were submerged in water.

Two types of pressure maintenance equipment were developed and examined in fiscal year
of 1996. One was hydraulic type and another was pneumatic type. The hydraulic type equipment
modified for long-term creep testing especially in the measurement system to ensure
durability and stability was found to be precise and reliable. In chapter 4, the results
of triaxial compression test are described.

Complete stress—strain curves in uniaxial tension were successfully obtained in fiscal
year of 1996. In this year, a specimen was unloaded and re-loaded several times through
a uniaxial tension test to obtain behaviour more precisely. The results of the test are
described in chapter 5.

A constitutive equation of variable compliance type was discussed based on the
experimental results. Though the equation has relatively simple form, it can be applied
beyond the strength failure point up to the post—failure region. The constitutive equation
was implemented in two and three dimensional FEM programs. The calculated results was
described in chapter 6,

In chapter 7, preliminary evaluation of eguipment and materials for pore-pressure
controlled testing was desecribed.

Work performed by The University of Tokyo under contract with Power Reactor and Nuclear Fuel
Development Corporation.

PNC Liaison: Geological Environment Reseach Section, Tono Geoscience Center Koji Tsubota
*:The University of Tokyo, Faculty of Engineering; Professor
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B2l —2a il L ARMBTSEEBE-HIEN Y THE. ZNET, KERVLEE
BUIal—va L3 TEMRORERBI DN TI o R RO BRIE, WiERS
ZERIIAETE 2RO TWIERTERRR o kb L E2 5.

CITRILIEEEY I 20—V a R X AFERRON, BLEETREAT, T (=
RE) BH2BERESRILBEOCETEAONRLRBIETHS. LoLAEBS, =2
THRLIEDE 2REARERIECEZ LD TH 70, HEDRIZH L TEMEMLSAS S
LDHTHY, AREREEENHRFMNEN AR ECEZNRBERLLE - BT A2 E-
TUNZRYD,

I THWHERFERXIZSIC3RTE CHEETE S, SKREHERI IaL—ary
BILR2WY, ZERORSLLE_RLRLEBRTIZLENSEROLETHD. TOROEELEE L,
REOERRERICB T AR~ EEMICHRET A3FEOERETH .

6. 2 3RTFEMFAuZ3T KB+ 3ER0En
6. 2. 1 LB

BEOHABORRIIAERE L, SREOHERITNEL B bha Lk choTETH
D, BREDFMERET ST AL EEOPFTARIN TS, Fxid, Snith & (1988) i
Biot DEEERLFAD SKITOHBME S 1/ F A2REL, AFL (1996) iTHmrEx3
RFRE L SRITHBMET D 7T LAEZRELTNS. LELRBE, RO 2OO&4EEEET
bOREFOMBBY Tk, OBF - BROTRTHAR 2REEEEH2H 2 5. OF
— 7 BMELIGOXEE (RIERS) 2FHETE 5.

RARDIREBRBERICE Sz v I 7V AAMERIERFERNERBEL (KARD,
1987a) , TNZ 2IRFEHBERIET 0 VT MIHAPAATHEZ B I 2o TEE (KAED,
1987b ; RAFRD, 1993) . BTN I T T AT DN TH A2 Y Bl L 0 BT 206 L2,
HEALRI (Flow rule) & BHEDFEVVET Y VBT 3 EEOBRER LIC MR ) OBRNEZZ L.

ZITRET, A7V U EEEOERWEESITET AR B 2\, #A Leo
VT TAT v ANEHERFTERD 3RS T COEEBS LEHOBRERALMITI L L
biZ, WEROEMERLEDOBRAEES. E0%, BELEAEFRERE /I Mk 5T, IA
EO—#EA T COEERERBREZ L I 22— M LERERSERS, HEOHRZZNOL 510
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BRELEDE, #ED2KTTORBNOELT, —SH T CEHHEORX WHRIZY, &
ER7 a7 A0ELELARRICHBTCEZLEL 16 THE. HETRN LATE,
BROWE, BROY, MERE, BEOMKESESE, BERSLOBEQIEL &N, WirEE
THD. TNOOHFEZEXRHERZRRICESNT, HEBIRoTE 2 RTREITEEL D
BBV ERILE.

6. 2. 2 HEEE
(1) HERFER

GEERALIDIE a7 T A 7 o ATERERFER KAED, 1987a) TH5E. 28, =
DMEABEAZERA L 2R THBERIEIC L HERER (KARD, 1987b; AR, 1993) ,
REATEO2AREY (RAMR, 1992) I Cic#iE L, ATECLE@EEEBP LA, BT CREENS
BAZRRTLER/NIROZ LDRELREXIZILTRRIZ LIZT 5.

(RE1) BFHE : EFERFICREENS.

RE2) 2V 7 IFA TV ADBR  JSHEZTET 3L a 54T v ARKRIZ LR -
TA RT3,

djl. M ﬂl. d e et ittt e esstenseeseeecanseeseesesaess o,
& (2 6) 8

ZIT, miIEEOREZRD D AT A—F, nlIREREFEOBRERRD 535 2 —FTh
B. A=A/ BH 2T AT VR L, TCERIE LIV T IFAL TR TChH D, o *ILiEE
BESEETH D, ¢ *RERLLEREATARRXTHLDENS.

p A (nen)jriteoms).

&

L HBERERREIT oML EENRIG — 2 — 10 ¢ BT B3 CORMERET, RTEE
C=1/t RT3,

(RE3) RTVHOBK : avFI54 7 U AOBKICHENT, B7 Vb REI LS
S THEKT 3.

v=05-

........................ Crese s ettt e (2)

0.5 -v,

VoldRT Y VEOMME B TOME) THH. IOREREHEESRE—FE Lo b
ERILTHD.
(RE4) niZ, FEDEMIME> TRESETE, KU LaR - THMT 3.

noldnO—EIEATTOETHS. o HE—HEREE, Ao REAETTOE—7ME EF
7)) THD.

(2) Z&SHT TOECEET 3 /20T
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KARIZ (1992) , 7547 v ATERER FERO—8I5H T CORTMRIITT
KHRELTWDIOT, FFETR, 3RAEFTREREICE3HEICEL-T, BEOEV=H
AT COERMCETAMTHRNEB I 2o/, YRANLEHSITIE, FEE1 LREES
RESBEE5T 5.

T, BAR—EBRELZNLTWAEL, BNSREMNCaY TS 7o RAB 5§ AETSLL,
TNRFESTERE L L EE2EXS. 3IRTTO Hooke DIEHANITRE 2 5.

£1={o’1—v(0'2+0—3)},‘{ .................................................. (5)
SAUTEBRD ¢ DELIRD L D IzHEIT 3. :

551___.{Ul_v(az_,_ga)}&_(gz_{_as);b.gv ................................ (6)
iz, QOREFFALTKRREES.

l-5v=(0.5—v)5,1 ...................................................... (7)
MRz GO NTRAT 3L hAEES.

5£]={(JE_02)+(01_,,3)}§§ ........................................... @)
&H B E—RITIREAER b 320,

5€i={(gi_gj)+(gi_o-k)}_ii___%g;.ﬂ .................................. (9)

o, BREIEH {0,— (0,+0,+0,) /3} THB.

(N=4T, d 1 FFIFE(a scalar factor of proportionality ) & L7=¥%3MD Levy-Mises
DA d s y=0, d A (Hill, 1950 ; Johnson &, 1965) , BL Oz BEMEEEK L Lit=o— b
VIEDXELRAN d ¢ ,/dt= 0/ 2 VBRI LEHEE LTS, SO TEN BN 7
W& BRI E D S E N 2 NOFELUEICOVT, Hill (1950) i, * B Eob 0Tk
B LRITHIER 5720  (should guard against a facial analogy)” & LUEEH2 TS L n,
—J5, Lodge (1975) i&, ” EBMERRILEKHFEENTVAA, (T HHDOKE WL X 1iEs
HEREOEGZTRTLET L0 THB” L LT, SEERIBESGE82T300THEE L
T, DNEMEREEZ LT Y EENLRERIIARTH SN, I 7oz b Ao
AERRIZ, Levy-Mises DR == b fiED XM ERER L EREICHEL <, SHOPFELT 3.

DREVERE S v=F e+ e+ 6 e, =0REINB. i, FMEL D ETERIZ

MxoNBEFVF—FE,, TR LS.
ok,, =008 +0,d¢, +0,0¢,

={(0‘l_0'2)2+(0-2_O-3)2+(O—3_61)2}% ............................ (10)
£, HEEXALX—OMB T E,, LB D BT AR GE,, . Tk LT3,
5En=.6fl‘m=_§.%f_ .................................................... (11)

IDEITSE,,EFE,,, EREITRLMEIZ 230, MEFERD S A—F DKt T
DRV PR LIciehTHD. MEDLLSE,,/0E,,, , 2thofEl Li-vwe i3, £28iC
BRETRENFA—FOEMMI BN, TINIEThEREORBERFRE LT L EThT
EW. LEB-T, ADXNTHLDLINBMEIE, ZOFBRROBETHo CEFRTLEFRT
H 2.
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RIIGADBETHHEEEELD. HEFIETE < B2 0B Q) RETITEADTRIC
K BEEMA = RAAHIAL Y 322 Hill, 1950 ; Johnson &, 1965) .

58‘ = %0':'5’1 + { 50.‘ —V(JO’J, +50-k)} I (12)

12K, ¢ R0, BEE, EEAELARLTLRVIOL, ¢,00, FLMRLTHREY T
D BB, RARECOOTIHETORENY, BiESEE G LThRERS.

5}1 =s3‘r -5,1 +_xy .................................................... (13)
G

k4 4

RHFD A%, BHEROLRSIFE d AcBEEBRIT, (12)3E (13) 2 Prant1-Reuss O3 &
—E4%. (Hill, 1950 : Johnson &, 1965) .

(3) HEBRAM L EBHGEE

BRERBL LT ONDOBELERBBRENTHES, FHETIEEDON Janach,
Coulomb, Mohr @ 3 DDWEHELMN LI Y LT TRELE.

WRLY 20754 7 0 LR FER L M BE 8 TEHA LT % 7= Jenach DREES{
. (Janach, 1977) {Zk=xX L7 5. '

a.
0-12 = 03(1 + __3J ......................................................... (14)

g,

EFEGNEEL LT, 0,& o i 3RRKERNERATHS. 0 b 0o N, BEEEERBTE ¢,

(6 —2—-128) EITOFRAREN ¢ ,0LEO—MERBEL 3 ERETHS. T,
COWBSHNCOMBBESEE TR L 23, 28, max (x, y) Lit, x& yDRE
WHDETHS.

1+2 <0,

g,

a.
e B (15)
o

1

1+ 500,

al
o’ = max el B , I I (16)
O-f
o*c\/l +—= -0,
O-f
Coulomb DR HEVE, BAMIESNE ¢, LAMEICEERIEHE o b LTk ERB.
-rﬂc+a--tan¢ ......................................................... (17)

12REL, ciIMEN, sIIASEEATHS. IORYEITRITAERD (1994) ORRELES
B> TRO BB E Tk & 72 5.

g a
e (13)
g a

c t
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Mohr DAL, u= ac/a, +2-2/l+0,fo, L LT 200FAITDIT LS.
(u —1)0'3 +0, =0 Ti,

0'3 = _a" ............................................................ (19)
ZOBEOEREREIL, BHRE (1994) OFEIRE-TRD B LKL B,

o’ = _(ﬁ.) ............................................................. (20)

o-f

(¢ -1)o, +0, >0 Tix

(o, - 3)2=2ﬂd:(51 40, )+ ot (g =4) e (21)
I DA OREREITE X, KRR35,

(01 +03)‘2\/°'103 + (‘71 ‘0'3)2l
o = L (22)

o,(#~4)

—HSA T TR 3 ONOBIERRIC E-S S BERESEE I — KT 548, AET TI—H LA,
(16— 2 — 2ICHEREGEE 0 *= 1 OHBRETT. 0,/ 0. 558 BIR) L%, o,/0.0%
Mohr, Janach, Coulomb MIETHDIDIZH LT, ¢4/ 0 BE (EHE) TIHIESEHEZL->Tn
D, ZITERYTRE Janach BEIZ 3HFDORTRIZHEZZLTHY, Thdx 2%kTOER
ERIEFTHE (KARSD, 1987b) Tl Janach DIEEBHEREA L.
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6. 2. 38 EEZR
(1) HEFRELEgERE

FHRETIE, av 754 7 AAERERFERE SEEOBERELZELAALE 3RTE
RERES0 /7 AR LE. 20705 AT, 2KRTOFRERES VS A (KA
R D, 1987h) EEMRICHMARBAEZRAL, NARRBRAFOESEERREZ Y IaL—FL
e, FHEFIELLTE, ¥, $ELF—FEANL, OHEEERETS. DV TOHRE
RIELEVEEROELISAZHETS. QHEBRIZESNT, BREZAA t OFIZAT S
AVTTATVRLERT Y vihv OFELERDD. QBERHEZDLLvZ2E5X5. R
BRAWEICMASEMZERELT, O»6@DFEIEEZ200~300EHEYIELE.

R6—2- 1ZHERGEETRT. UTOHERR TR Y ORVWEHE, K6—-2—-1F
DR * 2T EBSEZERALTHS. ol T alE, 3RAEERKL LT, 4mEEE, 5
EARER (A , 6EAER (EHE) 2EATEIN, 2RTOHERRLIEENLE
WEDIZSEEERLITEL L. M6 — 2 -3 ItEELSROFAEFRT. EXOMKEL, TH
FRECvOERSMII LB o TERILIZIEL DL & L. BEEMICIIEREKERE S,
EEBEEROBMEL L, —EMRHRE L —H5BREDL TH I3 EVVEEIILERFELT
—EEL L. LidoT, MEROSVWTRESERI 1 20EKEELX DA TEY. EER
FINBRRDEME -2 —4IZRTEITHERIID LT SERSE. 22C, B—44T1 0D
ﬁﬁ%ﬂm%d<ﬂﬁé£:tw,ﬁEtEM1o@®ﬁ%®$ﬁ$ﬂﬁ%ﬁb,mﬁ—ﬁﬁ
B EII RN EEDN BV DETRT EIZ L.

(2) EROME, HERSEDLXUSEARORK

T, RLEBMNLEDh?, ERXOME, WEREDS ITREREOHEIC SWTHRIL
7=.
RELAEERIZ, 488 4EEESE, 685 5EAER, SHACEAERDIBETHY,
WINLEIREFEROBIZE -7 1KRERTHS. K6 —2— 1 DEELEEREELELEZD
FSA—BHARER 6 —~ 2~ 51277, E40ERICHLT, REDBV Y THEEXTION
DEEZB IRV, BEENEEDNALOE LAITHORLER, 4, 5, 6 HEEROMOM
EREREMBIIRERVEETh 7. 28, EROBEOIELSXDORVESEEDED
BIR-EN, 4, 5, 6EEFEOCVTNOEREFEALALESLHEARIIBVEET IR
TRk BN OMITAE L —F L.

WICHER O EIZ ONWTHRN LE. BonEEI—ZE#E0RKEFAZE6 — 2 - 6125
T, U= MEETCREMILALBD NN, E—JBELRIBES L Coulomb A0z
MTREAZ KD . ZHIEE6 — 2 — 2 X D b2 3 & 512 Coulomb DEEEESME T o , MBEMT
DHEREDBBLLS, E—/BMELBREZOBENARITELDTHSB. —F, ERELEEHM
1. S5ZHX S COBREMLNT Coulomb A 22X PR KEV. ZDFEETIE, 338
ICEDEROBEN-BRELTEY, S o, BEHOI4S T Coulomb OREIBHIENRH I &
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BINTL D7D THB. Janach & Mohr DEIT/N SV AEBEIEVZ & T Janach ORN —Eh
FRITFIZ3EFEOPM Lok, TOBRIIK6 — 2 — 2128V T Janach DEENRF I 3EF DD
FITHoe I LIZERT2EEDNS. BEOHBERZRRELELH B L&, Coulomb DIEERNE T
RRERDD, 3OOMBREZRELEEA-EHBOHERREOEBIRBH/ N ENE N L
. BEETI, H6—2—TRERBF2EOaVTSATUyABAHD 1. 2Etirai-t
EOWRER (BEROaAVTITAT U APHHMED 1. 2428 L) oSfmofizFT. BET
Coulomb DHZETRH D DHFHRICTRBERNBE TR b TH - 7203, TIHOBREOCRI Y ¥ THOE
BRREL, FREHES L ICHBRREIRD bhihok.

KRBT IREOWREHITEHETH Y, BEIRS ST s LT AEIzES - &
BEL, TORIRERORRAE VI 2 L— T3 LIIBRTIHEECH AR, BENE
CEEENEE L, BARICEHICEAZ ERTEARESRHALTRE. BN —
FEHBEOFZEE —2 -8, RBRALEO IV FSATURARGHD 1. 24l hof-b &
w@ﬁ%ﬁm%ﬁ%@e—z—Qwﬁﬁ.ﬁfﬁ@ﬁﬁ@%&%ﬁﬁ#ék,ﬁﬁﬁ%@%ﬁ
DIFEFIH T ONBEBENRRELRY, IOHEARIIEENICRBEOERERL —5 1L
Tw3d (Vutukuri &, 1974) .

(3) HMEOEL2XLERK

RARDL (1994) 1%, 2V 7 I74 7 VAABREBR RN EEVWE 2R TEREREICL S
AHEZBIRY, ERILOBEOETHFRC vERBATFALAOEZRSERIZ ONTRSTL
e APRTIE, MEOEDIRTVICTCvEERDBIREELXTHERZB IR, 2KRTT
FONFEREER - RETHZ LT Lk

B6—2—- 10 omMEEREMAVE3RTCOHERRE, M6—2—1 13 AFER
ERAWEC2RIETCOHERRZ2TT. 6 —2—-3 (a) KRLELSIZIRTREBA T
EERSBILILDT, BRTETNO z —x FARX 2KRTEFNME—5KT S, TEMEK C vix
0. 1X90. 4FTERE. H6—2—100bbnadEdic, REDE LS Rik < 2
D&, U—7HBEIRREIET T2, BEREZELL2Y. ToOEMIZ2KRITETLRLR
TED, B6—-2—-10¢H6—-2~-112RERThM3LdI, BH—FHBL 2RI L
SIKETIREAEEDLLRY. HDTFNCREBZDIE, oo B/PhENEEDO L — 7 BELE
ELEEDBEADETT, 2REVFBETARTHS. “OBRAIE, RRESEFALPIZLHE
DIEBRERBELIEGE, TLVOEROZIARBR 2REDFIRRE VML THS. Zh
i3, #VIRPONLED D OEAEFEEOFN, 3REHEETORRERD T DY OEH
BPRELIVRENWIENLLTFRTE S, B, 3RTEFAD z — xFFE L 2RTEF N
EBR—ETIOT, BMEEROEREZLE - RHLTHER, 0B LTI EERIZEL
LMEODFOEPXENTHY, 2RITLE SKRITOZIIBIETH I T,

M6—-2—12R0ERUEERLEDEN—FHBO IRTTOHEF ZRT. 2KTO
B8 (RARD, 1994) LA, ERESKERZ LREICHENMETTIZ M bns.
[6—2—13I0F, 2RITEHE L2, ERFICIBAL—MEOEETT. Zhiy
DPBEIIE, BEREN1I6HEVETH2KREL IRITHLRBECETHEBRTHY, Ex
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12V LBAEDEL0E2EARVHEESTAOREL T 1 2RIELDETFTLRS. 3K
ATREREB TN I CHLE— 7 REOE (LT L A YEE SN Mot fiF 2KT
TR T TR RS oI ERNE T LERK L1008 TOETRIZL 5% ER 7. D2
KL SKAEDEIDLTNTHY, REEKET I LiZcxidor-.

(4) BETEBEERFE

SEER L BRI BROKEO—01F, BEERSS 3V IIREHEEERESO—TH S
=7 MEOHMEERFEEZREATEZ2LTHA. B5 (1995) X 0FARENL, 2
REARERELAVCEEEERRO S I 2 Lb—Va v eBrihok. AHETIE, 3KT
WKRBITDEHEEZBIR2, 2REOER LB L2, BHEEEFHECSWTRNT S &
izLl7.

B6—2—-14THWITEEC= 1/t Z2EXELEEDEN-FHBETT. nhbbhd
FORMAEENREL 23 LRER L~/ MERLRTS. BFEESEOE & OHSIT,
BWE EOHBRERNTTIHEARR LN, ULORERIL, 2hTOHSL—5T5 (B85,
1995) .

WENEERTFHEICIE, A LSERENEET 2BANHo 0T, HEERBIRVERE
LTHic. B6—2— 15 3@OMERErERALEESORAI—-EHBERT. SHES
EZEDEN—FERROTBROEIIRGE6 —2 —6 THBALEL S b TRl b B2 on3
B, BMEESRELRILC—VRENERETSE, BEFFEEORS VEZNENLDEH
BT HRTI, WERECYLBET2 V. B — /7 MEORAFEEEAEICEL T, M6
—2—=17AT LS, RALEBRERECLZZRITLALRS T bhkiork.

BOLDHBEDCHREH L ERT L ORMEDITL oS PRIEEREEICB IIFTEESLR
AL MESERROSE LRRCARLTOBESIEONT, to& 1. 25491200
0sETLOETORITHELZB I o, RIEEKEENENRES2HEL T
AMETED Lol .

RIZ, BMEOEBFEKCv0. 1, 0. 2, 0. 3, 0. 4DBAITOX, FNEN ¢, &
1. 2s/mB512000sETLOFTOEXCHESB IR~ Bz RBTEEC=1/ ¢,
ZLY, P—7HEOTELERG —~2—1 TIZRY. —nahbbhdL ik, bEnTEhd
BCVvBRRELBDLBEEIRNELRY, WITFHEREEINESLRB 2 L¥bns. BED
CEFZIRETORERBRIZESVWTHES (1995) bEHLTWS. =~ OEEITE LR L
kO, EMREOREREEE, RBFSATH—WEAT CHHETFT L ODDME
DFNERD LR A ICHERETL, HEeF L OSBRSS AREIIB M E0T, R
AE2EOnBREL Ros=bDEEDNS.

6. 2. 4 FE&¥

SEGONEBEREEEFE LT ELROE D ITR 3.
1. BROME : 4EE, ST (SHE) , 6EEZERLAHERRICRERERERD
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biizhotz.

2. FEIRHE : Janach, Coulomb, Mohr DMEBNES A L - ERERIr K& RERITRD LN
otz

3. WEFAR : MAOHAMOWESRLRVEEL, BRICTARLEBEOHERRICKE 2

BERDEN2hote.
4. BEROBEOELDE  BERILICHENITLO LV — s BMEIXE T4 318, BESGE
FHET LAzw,

5. WMIMEEREFE  BWEENEN T3 - RERLRTELOERERBRE. “OP—
7 MEORPEERFSEDL, BMERECPREARIZIIFEShAVY, EXORENITLOE
DEREZRDTHCHHAIBMELZ, 5 0B8RIV LRI FERTFERDTMTNE
{725.

6. 2RIMEDHE : EROBEDIIL DX OB IITTHEL, WFREERFEEL, 2KRxT
DHEHF LB —~FT 5.

FHRTER Y BiF et RICBET5RY, SKEICRBITAHEZRI2KRTL JITETH
SRV Epbhol. SEHEALET RS T AOMBITIENR Y ORNEELE. &15L
DRAITHERZHRVIELEAE, R7 Y VBT EETHY, BROIZQRXERELE. &
CHLENTWBEIZ, BRIEHIBEOCISHULCHERE (F4FF3—) 273, =
DHEEEZFHALLIE LT, BeORTERVRLEN, EELEKREEZ /T LA0HE
R LMol TITRELERERLVIDE, HELGEGReTERL &, HER
RLEHHNCR LI E D> T & 3R RR i,

BUEAMEREBIC L 2HERZEEE Y OFETITD 01, ERBOBAICHES SHEREO
WABELWOT, BIBHDLEZ D, BIZEHICDEIEBABENOREEOR,
HRFOTFRZEML T 384, BULHEAL T VELAELZBIROSERHBEOT,
LEREBEZRLOI+42HE (EER OHEEFATHEZER+T2 2 L ARETH S,
SEERALIE2 7747 o AMERSRFERIEEL2E L L TR VRV ABE T, BE0
RAEDRES THD. OMKEENLT, BiTRNIED b TOBEESEIE (115, 1991)
ERYANZT0 Y7 LORREZSROBEOE L InhiF kL.
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F6—2—-1 HEHME. Foxz{{dr-onEsEchs.
BEFR 2, 16, 54, 96, 128, 250, 432, 1008*
FEALEEE |SEEEE, 6 BAEE, AG4EE
TEhFEL Cv 0.1, 0.2% 0.3, 0.4
7y 207
/1, 1/2*

VM EE 10*

PO MR EL, WEEY
fEEE LT Janach®, Coulomb, Mohr

£, (s) 1.2, 12, 120%, 1200, 12000
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:— Symbol Rock Tested By
: e
1- 3 — o Lu?:;i:me zﬂ.‘lun
:‘ ¥ Granite Burchartz et al
A Basalt Kaifuan
o [ . + Hasait-andesite lave Kelehidze
Ly l 2 — X Gablzo Ilngchuya
[3] - O Marble Ilnichaya
-y O Jerite Bieniawski
N D ¢ =
AT L3
~ 1.1 7? \ z
© E i 7. 50 )0. 18
o 1 F R 950 d
- ) °
0.9 F 2
. 4
5 B
N -
0.8 o O 1
07'!!!'Illl]ll!!rll('llr‘!l.
0 50 100 150 200 250
Specimen diameter d(mm)
(a)
1500
1000 f
- x
- Iron ors Jahns{1996)

Diorite

100

®  Pratt et al (1972)
[*)

¢ ¢ (kgf/cm?)

Bientawski (1967}

20 s o le gy ' A Lo o g o 1y oy Lot e
0 0.5 1 1.5 2 2.5 3
nominal size (m)

(b)

H6—1—1 —ETEHHRE OREH.

(a) EE 20 cmE THHEFA (Hoek and Brown, 1980). o .4 iFEES5 Omm

D& & DB

(b) R&RRBA CTHIERRELETH S (Bieniawski, 1975).

(-



Force Force

= (A7) — — — B R — — — (CRAaRA ) w3
12345 Weakest n
Link

B6—-1-2 KB 7EORAR.
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Stress (MPa)

Stress (MPa)

100

]
(]

)]
[

>
o

[y
(=]

120

100

(o]
)

[=}]
[e)

v
o

]
L]

(]

2 4 6 8 10
. -3
Strain (10 *)
(a)
/
— {
B /
B !
!
/
- !
! | | r a
2 4 6 10 12

Strain (10_3)

HM6—-1-—3

(c)

200

150

o
Q
[aw}

Stress (MPa)

=]
[

. o foe)
o o )

Stress (MPa)

[~
<

Strain (107°)

(b)

10

4 B
Strain (10
(d)

10

“3)

TR —EMROERE. —HEMTH T COERRER.

(a)
(c)

KERER
= ERLE

(b) FEETERE
(d) ZREFERIRE

u52_
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Stress (kgf/em?)
{

Strain (107)

E6—1—4 ZEEE GRMELE) 282 CERLULBOK—Edi#. EHEX ENS 1000,
100, 10, lp/s. BRIZASEKS TRELEBERETOBERERR.
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Stress

20

Strain

B6—1—5 FHEICEoTRDEGA B S, Bty —2s BEDLX0FNEN
DIETHEBEE. no&miTMEITRRFO T A—F,

—54-




Stress

Strain

HMe—1—6 LBEZOHESMELELTHELTERGS —Zilif.
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: T Y T I
L Cv=0.1
- o o .'—*v O o 7]
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