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A
N oxt =H|gftleists| &S| WESE FAE SEED

YA - HMY?
DT ALAT L AHAFE
DA st A F 3P Al L) EEH

Ak 89 252014] 28 Apololl ek shlolA Aoz TAIghbelate] $371 MBI of FBoIAE F 291
He| =Eo| WEHAYOH o|SE Al 7lxe) FAIZ EHEQI. ZHIUS) ZolAE FAM FHRTE Ak
A7NME 2 RIYEE SASLA et

FEET "uEE, FE AT Alool] HF 204719 ZET} 2141718 A"
(General Report Concerning Some 20th Century Lessons and 21st Century
Challenges in Applied Rock Mechanics, Safety and Control of the Environment)

Nick Barton, Technical Advisor, NGI, Oslo & Visiting Professor, USP, Sao Paulo

1M B 45l e AE-E TS dlielA gk AAE 2
3] ek AR dEA]) 2SS =9 coupled
B oAE A Polo} AU FokollA) 9] ih-EeA behaviorst Ze A REE AuE & £E o
ATE 2.9F3 Aolrt. of7ol AHH A Aol 214718 kg st AR, AF-EE, selE &
ohake] #okd, A= o I ol kg AR o]Folz A, P, A FEE W S R B
glt}. E3] s34 tubwl obubel constitutive modelling  oFF F38e ABE 7IAR Slojof §2 E8 FAE,
oA SHHEE st A 2 M12A Aok i R, Al AujAA, AulE, A1S L AR Sl dis)
o2 & 4 Uk ke Y, oA " AARA T AR ol E = dojok T Aoz Erk(Nelson, 1996).
ol the AT E st dibe] £40] Bsichs 3 o9k 22 W HokE U E AL gk o] R
7 A4S gho] TR Ye i ol AlAIHeg o FokE E o & ool shi A o
TEHE AATAE T8 Al ehite] Hrkel 73 B EokE 2 Z3lol sle 7S e R fch AW
Q) otz E AAlol et d7e Al FAlZ A FAI9 B AR Y E-L o) ol BiE ¢ 9)
2 <« ol 33" Q-systemt 2ol A Q& o},

o] g3led, b e B3l AAY YHAR ¥ YA -3Y 9 EdEHol oY $HHE

£ A5 A7 498 f-88h 954 nasla) + UEAE U constitutive model

Ed%a 298 da FEAAG. g g - kel BEAE d&s] A durE s iy
black-box3! &2 B e= ARl 4, g A - A gt} k3ol A 2] TBM Bl &

g, 222 Ed&d 59 842 FEsle] iy - A gy 2eke-g

g2 4 g H e VeH o g elddrta & 4= 9l c BAEGA 2l o oA

o A3 2] Bep v £ F5& i ol 3%
ol ehike] et e g Hrisle ArjEA] oY AL 2. gl % Bsciof it S8 HE
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A it ol #88l= F-88 Ao 2HE st
Hol] HAW G2 2= SHAYES 78 o Yt
o 2 Mohre] o]ZMohre] S UYS &30, o]=
i ehite] A Ro 2 e 7o) ol 2=
HASE Ak Ros wigty 4 giet. ¢hilst &
Ao A Hele} dEHo] EAlSA i) 39 A%
e BAE 7RIS ) ol B $¥slellAY A
A HE Alsfslne opA A E, 2, &2, rock fill 2
U HE F= AAS sbe Aol Yt o] =
Ak Ak W Eo] Fo] XA ol HEZ E
s 4 ohubgstol)l A Mohr 0128 1 ol4 2438
gle 240 FolA Hrt upela H3FA bl 33
& M &8y Mohrd] S3e)&& W3] non-
coaxial W g Al57} T ojof st B g
P SHEopoll A = Al EE o Eld 9] Sk vlollA]
2T 8 4 A4 Y AARAL LulE Holdl 9%
x| o] BHo] sk AR A7|=w gic}. gt
<l Aol o] Aew A7 E %ol sl Bgsok
o ¥k ofJel e EHE A AV 25 B ol g
wpelA] e kA] A9 Y-S TS o)
34 &8-S u|d}. Gale $(1993)2 JRC-ICS 3¢
Barton-Bandis 24¢] 3 & A7 =v), ol & 494
Mohr2] 52 Zlol] ti3l A& W87 wiEol
ol 5L A E-L & uol]l iRy TL FHAEY
%9 g Ade o] whakal A7 A4 o
Hake e A2 9 23 T 2RIE ol 83le] A
Ao 5 E 45%HE 718t Mohed] 53 w3
& B . og A AT, e 5
off Eghsl= Aolct. o] Axisgzhe- 57, w9l 2 AF
9] Z7of| kg Hkor o] F Hi4 Y Ak E Fo
2 3= Hiddel Ve J2Arg S2; Hel vk sl
Bakhtar % Barton(1984) S-0] A3 A& B &
342 oS} 2},

o,= 1/2(6,+06,)~1/2(c|~0,)cos2(B+d,, ,..0)

1= 1/2(6,-06,)sin2(B+ d, ;.2

Fo] ok SHHIM 4,5 FIHTo 2R, HAS
3 g2 Mohrel &3] B} 3431 15 (B+4d,,.,)<
45'Y ool Mohr9] o|EX|¥t} 23, (B+d,,.,) > 45
A g 2AA Jebdel go) kel 450 S48 7 ol
At Aejwdol] 283 10,2 Mohrd] o] x| K}
#4507 AA vheld

3. 213X}t8 ¥ constitutive model

o[l Congress®] A 154 ool B, 35 18]
A Fof R Aol gt A7) Hol WE
Holvh 223 22 339 A% T2 Bl 2
W] AiEI Y HEA o8 g vehil= e
24 BAIAR) W FEHQ S AL sig
gk, AF7EA] 200719 40094 F9F $ukEShe] W so
24 AAERYE FAES o 214714 A e
ol el A = Aztstojof & slog B 71 F8
3 EAIE o] HAG Ao WAl a2 o] F
HPES S8 P HA ey Ao gy
th. Hoek-Brown®] Z ¥ w9 QA& £& RMR
e 7122 o] AT CA 2 e AFY F e
A7} ool gk W Al R¥ et SE 9 ojA S 2
ek ghokg o, 2E| L o E §F L4} FAH A
e T2 - AR AV} Het A% A3y
2 WEaE 283 B2 A]l onlrh HE ¢le miket
sSre 2 RE] ke A% di&sedls A7 AV"
T 9ok ks BlA2 2 Hoek-Brown] 7158 #-&3}h
7) SIsiA = ol Eel Aigtst 71Fe FE3tAlE & ot
gl &, o] Hoek-Brown 7152 F3g-52| =70 o]
&) bERl 9] F7]7} A o2 Zolof H|F L, ghike
E4o) RE Weke g ok 2AE 1S o 389
T 9t A& 29 A& W E A9y o, gl
9 gt ol FAIEAE SHHSA B 2E ke
FH FAol e Ao s AL A, gt
oF 2] gl Aede] oA AEg AP T
4 271¢ ST 5 glE o, A vzl 2)s)
A3 5= Mohr-Coulomb ¢} &°] v}, m k3 s gtoe &
ko] Y AT EE A3 AL kel AA1H
ol AErh= 7E 7t gt ole|® BAlw it Bot
oflA A vepdet. 349 gedtARl HeEE 22 H
o2 2HRY ool = A 27l niel ol ohE
3543 7155 HoigAl ek A4ge] A2 HE
ARY, vl 2@z, m g, s 3 o2 WA A ke A
&2 AdiFgcd, o] Wb Bl v ¥ FR] JSwie
Aele A= 4 Ao Wyg EdZ & 23gele ¥
T ek, shelightolu) Ariohite] Avb 5-E HEHeg
Z Ags & 4 de AL APFeE {5 Aegy
ol & 9J3 YHAZZEA, IRC, ICS, ¢, 9, Tl Last
t},




4. ftte] BYE GI&3| I8t ARHEIL
g

Shite] w13 7]1E-S %4% o Mohr-Coulomb o]&
Hoek-Brown ©]29] & #x)¢} 42 claA gi=x
A A} w72 1970 o] F &E5 A Y F
7kA o] kR4 (Bieniawski, 1973 and Barton et al.
19745 ZE B85 Age] oot e, bt
< of@) 7HA| kst 2704 Wl f-gai S8
#hehal & 4= 9lch RMRI Q-systeme] 7HHFS o] ¥ T
2 EEo| o]Fojgl o], AHAUE FAIRE AF7HA
ol & F & 77t shle Ay Aol e she 2
Al 2AIY S AE8 gk RMRolE $-Holl 243
2471 glon), Q-systemoll A BEG S 3L gl = 580
#4=Ql SRF 73} Zo| g,/0, kol 93 745 o g uk
=3 9irh. RMRoll= Aelwe] waf -2 ojiAdn A
gl BAo HFAE neisie, {3 el £
ulgkol| gk B et Q-systemoll A= Elidon} 5
F9| Al 7H EEld |3 T Fewe A3
W g AR g W g A S5

7 VvQE AR 9%

AEBHE AE7L 25molaL 58l 1%Y Wel &
bl gAlsE $E Vel Q & Atelolle ok 22
A 4] o] A7) 3he}

V, = 3.5 + log Q (km/sec)

AT SEE A0} FURRE FUtuldEE o2 B
o F580| 7S AR 2 ) ) 03 hE A
£3= 2 UE4E7E7) 100 MPa B 24 2
ufol=, Behe W23 BAFEE-V,- QHE-FF
& Atololl& Y33 A7} glek(Barton 2000a).

. V,-Q-A K.}

59 ek AL BEE 9 oFA 9 AA5H
2.2 vebd 4= 9l th(Barton et al. 1974).

P, = 0.10,"*(MPa)

9 A2 g3} o] ghite]

P.<1/M

%, P,= 100MZ ekl = Slch 714 P2 wf/m’,
Me] 9= GPa olt}. WA F5F 3ol s mahd

WA o) Wil fet.
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AGE N2 ehite] WHAlsE FEA7IH ol A
Hate) F7HE zaisiAl et 2y, shEolut ghike)
oz sl sA e 3 qhike]l My Eol 2] ol
2 goll AAE AEpE 2hE HEF 5 ek

t}. V,-Q-Lugeon

Q.%k%} Lugeon 7k Ato] 9] BAlAE Zobso] A4
zbol] 831}, Lugeon Al oll4] x|t wa 23]
7} g o g shohe HE oladt A4 o
A 5 ke AHE SRR vt Lugeon A 8ol
Al g=9bo| 1071%ke 238 79 b Ay 283
€ FaESYo A FLHrh: A& TF

2t B o] M3 Quk

ASE W oot AN LR | F3 WS vlwes
AL AFE Z2ade H 848 AT 2L Y
ASE HHHY Y8 S HolF+ Aol FFez
3 gkl A HellAe AHAES AP vt gle
S EAe] ol JH B S, M ES 2% 7
A7 AEA Blo] ZiAlE A EAIE ob¥
7 et Y A km He @Y JAE e
2 25 FRE4E e HE8 e flenE 3y
el e H & Yool don, FEAA WS
FAH A9 cllb] AT o= B8 Ao| Frt. o}
2 A (o) 7983 (o) H e A
E(o)E AANF |, mm)s}t g W
(A, mm) Ato] 2] HA A o2 vtehd Aot

SPAN |Gy

A=

100Q /o,

A= HEIGHT \/ﬁ,
100Q yo,
AyPr SPAN P

o= o] [eron)

o}7] 4, SPAN & HEIGHTS] ] 9A] mme]d, K,
=g/o, oIt} dlE S0l AR B, F59 £
(Span)e] 60 m(60,000 mm)e] Qgkol 100192, &
ZHE] HFAET 40 melBE QAW 39 o= |
MPao|ct. o] el Wi Hujte] UFehEY=E
75 MPaZ uebsleh, ole} e 2oy d=]uake] w9
= gt Fol AAE 5 9t F,

60,000 [T _
100- 10J;_; = 69mm
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FEE AEE ol ASE "7t 6-8 mm 0IY S-S 7
st 919] AN = A YA Y5E ¢ T Uk
o]9} Zo] | FATe} ASA) YXehs AL =8H,
o] 73 9oll solake] W] A Fo| AF kel wSIAAE
o] Z7ol] S wR Aog Wl vhE sl o8
A} Q1 %.2] Nathpa Jhakri ¥4 ¢] 5 F(Chryssanthkis
et al. 1996 = Bhasin et al. 1996)¢] ¢ TEZo] 20
m(A3-&H, 6 MPa, @FU4F4E, 35MPa), 359 ¥
ol& 50 m(5=3-5-4, 4 MPa, Q3L 3)2A thAFH 9
Aloll o1& Q= ek A FH 907t 25 mm, TFEI] AF
HWEE 50-55 mmE AlISFAc. AR 98 diFA)E
7tz 28 mm ¥ 56 mmE WER} o] FLoll= ko]
A YRS Qon, e ZAIFE 0.6424 ZAE
o AAE A A dA sk 9.

o}, of4] -E s s} Wy

et E Qzl, M3k, W9 52 A4 ANE A
Fala AlZR & B4 shed 7k a9 kg
ZiWolat & = 9ot &}, Q-systemoll A J EHE7}
SRF 28] & RMRellA Aol ¥ 52 ALz oo}
7 At 6lE ol Fhicle) i okl 78l
Folu} AHxtw T2 ciEwo] 2 el gfr] ulliol
Q-systemell A 7,9} SRFE Z#3lx] 9 HF4FA
Q=RQD/J,xJ./J, &, block sizeXblock shear
strength)Z Ve Qle}, e Ak, <3 2 HE
59 JFE ol ¥hg ool 0|9} T F4H QIS
A48 4= gl (Goel and Wezenberg, 1999). A&
A S S48 v Qo o] 2 £EE AR
3 A 2} RMRolY GSI(Hoek et al. 1995)8 &4
st Ho| o 28t} (Syrajanen and Loven, 1999).

v, B d A Holl4 Q7t# RMRS] 4

GSI8} QAkel¢] 4] 2 RMR¥ Q Aol <] A4 &
Z+7} o3 2ol vebd = it

GSI=91nQ 44

R~350 + log,, Q(Barton, 1995)

5. Ez2lgfgt ¥ ckECioiMel TBM E(EE

TBM Eld=&oll4] & F 7px] 9] EAl7} 743 F2.51c).
(1) TBM TEoll th3t Sul-E oS, (2) x99 4.

o] F 7kAl9] FAIZF el d o] Wi o 2] Re] ok}
273l 74 2 J &2 vFxl. Barla et al.(1999)% A
2 GE Al 7R 2o e S A 83le] dEddlAg
TBM 231550l i3] 24 8ieul 2 A eldel =
3717ke] N ZRE] HE7IA] A s AL k9
E7, Y7t AL gHEC] HdE Fehvhew o &ut
“church roof" ¥ "natural shaft" ez} A47]7] wlEela}
As 9lch AAllA 2 Q2 0.0072 vhetker,
EdEA] melg]o] gl 7Md HEH AAE EoFd
t}. Astolfi et al.(1999) S0l WEH =52 Frids
oA 4=9te1'd (penstock)S A&7 ¢ =FH H A
TBMoll #& 716, Wickham et al(1974)%] RMR=}
RSRE o831 all&FX|9) AlZX & v}, o] &2
RSR,,,# A4 =9] of<= (FPI = cutter load/penetration
rate) Akol9] HAE AL d9l e, 2 At & A
Aol & BAZE e Ao eI ok E g A YellA
= 24 gL Ao R e

7} A it o BElolA g Q,,,

otata A Atole] AZHAIE ehHE WS
SIGMA/F 5-& 283R) g2 oA AF74A9) Qe
Z2E A4S E (PRI FAEE(ARE A7} o)
t}. SIGMAE it ol tist FE8A dEX 24, Q,
o, I, B3k Ao gse] oA 58 E¥E Fe
Aeloll 7leliAlE ¥, CLE= AEe] 98 Uehis A5
(NTH, 1994), q& A9 W2 vehld Zoy,
6, % HEAE 100 m FEAA Y $H 22 ETF3AIT
RAeolc}. O, 7ol vl HeiX| ok 229 vlgol
12743 BAEE, 1028 A (08 & 3o 5
7} ok = Alet, 7b3 ol A BT O 70l
0.1258) 107kA oA gk E1'd9] Aol P& Wk &
AL (PRYE thea 2ol Jal4 g B8l 78 = Ak

PR=5 Qpy™

2L 0, ~(5/PRPE VYERE = 9} o] AL
FAAT Bhloll A &4 02 o] 8 F glen, olga
Eld AlZ%E a4 (Barton, 1999b)2.8 A-§-8 4= gich.
AA FALEEE Ul vlaEld@e) F

AR=U - PR

T o2 W o8 FoAl AZHERE, 3, 45, 3
Spll ol FRALz e vk dd AEAFE o 2
o] EAI% + Qlrt.



U=T"
o] 714, T8 2§+ Alztelch

. TBM E'd A z3 9 A &3}

Elde] Zolrl Aw ZA4F eide] FAE T} s
o Bl dF 3ol QEIE 7pLct. eld e F37|7}el A
5 A7k A S vlREH | 7 9ol A wiol
& wAsobd ot glch 14574e] TBM Al 384
AldlollA] B, el d 23 7)7bo] AATTE FF FEol
xR} ZHaslE Aog BAsgrh dubdo g efde) &
F5E A4 A5l 71871 (Gradient, T AlZtol] i3t
AL T £ FALE YL 052HE 0257 2 e}
YAt A4 TBM B3 9 7 9-(Astolfi et al. 1999)) &
PR=25, &, 2.6/, 859 BFEE 1129 12 F2
AR®] <F 0.5525E] 0.60 m/hr2 UER} o] F9-9) FA
55o] v A Zhshe RE Rojfr) oldx] 28 A
Soll 2 712717} -0.5(Q7ke] < 0.1) H -0.7(Q3kel oF
0.01) & -0.9(Qzkol oF 0.00DE Uelston, o] E2
g 2141 7)ol Fojof & s Alofct,

6. Ealte] J2t9E

Z< ElQoll4] AJgke] Xpiyo 2 E2)9ugs ol &
g+ 12H-E)-g ARSItk (Andersson, 1999). &&]-f-allg
& B9 uhg-& d oA ol iStekLE WAl o 2 &
74 A%k Qo] FrEE AT F Aok =250l
Ae B A Y3 A2 9 E, 379 A
&, 2 Aol vlX= G, % | km o4 HolZ] Aol
Al wlzke] AukdE 52 g oo T Ak
W S8, AATE, B4 S5, A4, E olEe
HIE 4 oA Atojol= ojw F-5-¥ Aol U7l W
oll, shihl 853, T4, v idsl gatk F
o] a5 ojof &ch(Barton, 2000b). B1d T, 53]
TBM EXlol|l 4 Srdfo] B2 o, A|ZAIS9t S| 9aligt
gl nlo]2 & AuIE] AW Fo= e A kY
7 w9 g E¢5F 2 2 a9E & 5 Udget o]
9} & Al 7HA 9 R4 E Aol¥ + Y& AS A%H

s M
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ol TBMS| 5§ 45 713& 5 dUrh

7h AR el o gk ubEA o AT

Bl FAI57] Aol A AL Azketr] 94 43
aekeelel #3915 sotdt o, Qsystem®] WEE ALE
T Utk FRAE A deEld SEGFE 3 F
Sy Feg 498 vhel 2kl folslr]
Foll 22hEE o4 S5Al glA o] Wiike] A&
Al vkl 4 QL FAlge] s vt fad F o
(Quadros and Filho, 1995). A|BIES} opbAlele} g}
HAAE oty vhga o] itEdel MEE
F . F,

RQD & 30%2 25 ¥ 50%% 7}

JE2 9EHE 622 Fi

JE 12HE 28 Z7}

JE225E 18 24

J £ 0525E 06622 F7HIMMAE F71)

upeha] 22l-2e ol e Qgkel Q=(30/9)x(1/2)x(0.5/
2503 o o, AF 1S g Folls QRkelQ=(50
16)x(2/1)X(0.66/1 or 0.25)=11(or 4HE MFFHt AF
2R B S TS A Qzf, BATEE, WEA
%, $Al5(Lugeon), EIAA B}, Exd 9] W) Fo] A
B2 2 A ofy 7Hx WiFE AFE F Uk g &
o] ZFEo] (%ol YZYE7EL 100 MPad ul, €]
de] ZL 10mE T BF o3 Zol 75 Akt
Mgl ek Bl ERA G ARFE o3t o)
A7 Aolch (ol 9] Table =)

vh 228 2 Lugeon A8

GroutabilityE H7HeF off & she] $83% 84+ F
dskEel Lugeon A8 9] shdcl Z2& Jefslio} 3
Holr}, Lugeon Al goll A& | MPao| &3} o & A&
37| wEolct. gk F£4lsk# o] Lugeon AHAIS] o
He & 7Sl aeke" o] Axpl 3y, Hojx
FaAde] 9l Auiwel gt ey &¥ol )
Lugeon gk9| &3k2l& &3 o] FojFr},

L=1/Q,

Z] Ry e K 2 $"H I R At | 3L
E2EE7H 1.5m 24 2.1
L8 EX 7 12 em 4 5 S(fr)A &
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AT &£ km/sec 6.5 5.5 4.5 35 2.5 15 0.5
Lugeon 3t 0.001 0.01 0.1 1 10 100 1000
Q. 1000 100 10 1 0.1 0.01 0.001

a1

Eoje] WAL e} o] FoiAet,
V=3.5+log Q,

webA] Lugeon 33 ©4H £5 Alol9] 312+ ot
& dAA a2 FolFlrt,

Lz10(3 5-Vp)

$39] @A77} F7VsAU ART HARASFE Al
== 7k wiid, 4=t FrksieEts Qglell Q.
e Zvh wWEkA gdEls ARrr ForEeE
Lugeon 3k Aol & & ok, ohe-2 Zaloll 9l
B 5 /9] 7]zl dE ¢l2A FAAQ 25 A4
33 gleh. (319 Table %)

032 Ao wel Haled, diE Eof 'T S5
7t 5.5 km/secd @ 1000 m2] A =olA g3k <F 04
ol AE7F 750m¥Y W& 4, 282 HE7 100 mY
3= 400] H2, AES} 25 mY W= 1000] Ee} FA
o} A=} Eld 9] Aulel] BASA WY& 4359 ol
A3} £57) A4 Lugeon 3ol & Ad oz galst
o 2ehed ) AiHsME 5 Qe e, Q Fhel
1} Q, Fkel atkA] =4 g 5 A7 Wi, Elde
A HollAE edsl S5 whEvha siA Qhikel 2
7o) FFFcln FT ¢ girt ol g FuiolA &
o, BaE o] A& 3 AT AAE L e
ol ZolHE AAehE AL HhEA] s F44
(4 Leakage ZUE )& E1E (53] TBMEIE) =3
bt Aol 4 8.3 uiimjot A 8o 24 o] ob
4 AP 9Y S H4LT FY + A

7. @05 =dE ¥ o/

Q¥ 2159} constitutive modelolj 4 A&A) nlgl-g
T o, He o oAl i FAe 22 AT
3 w5 e AL A7 EIG%icr. e, ol oF BiEl
E sl ol2A AR Aol 9lo] S olub4 o]
Am ojd JE vIX| =l A T EAI7E Al
et ofeigt Fdoll A FHALSH mld BE WIo R
2L 7 YHAEE A ¢ E A oE Audr

ZE7t EE A5S Wges d6A 2ds H88 o
ol YHAE7} transverse isotropic parameter 32
orthotropic +¥& 7HAEF &= Zo] il o gt
FLAC©o]1} FLAC3Dell A ubiquitous joint formulation
< Fi4se AL A%A 2o PSS vehliAl &
c}.

My

7h ol Y HAR

Hibino and Motojima(1999)= A&7 5419 He
ko) oA #Foll E AT AT A, o= BAuke
o} Ae) W=7t 10%1 gk obel Wiy ga) Avkd=
7} o] WpgkoE 2uf7kA| 2 oA Kol thdt A+
E sk 529 WS SAA 3H| oAl A%
g8 Wt Fe] o] ojubel| o3 ko] v] ZA| WA
B0l WA= $He| o|ubA | -2 Ae] 9] oA,
EE o] Eo] ol 9&t oA 9] Fol Ao UXE
G5} ghalol| ofs) ol & AIET 4 ik A E A4
£ Ay A9 gt A89 4= 9 ck(Nunn et al.
1983, Oda et al. 1986). B4 7 427} 0.5-1 km/sec 7+
29} o4 E Uitk A2 WdAlre] ool ditt
3] F& 9Ju)din, o] & A 22 vehiY o33t 3

-2 =

V,-3.5
]

leO.lO[

o714, M2l 9 GPa, V,& km/sec olth.

U BdEA 2o gt AR

EQE5A) melge 60dtil 70 Atelell Cundallol]
ofs) Akslo] 2 Aol ol &= gtow o5
UDEC, 3DEC, DDA 522 WA =9}, o|&jdk Bl
A 2ol e AP BEE %A AAseriol o
2t 2 Ayt AR 2edel A2 A9 okl et
AR EE o] YutAo R Boidx] mdle] 44 4L Q
kol 0.125€1 100 FE7HA el 571t RMREHE-2
£ 300014 80 ARel9] he velle grtelnt, A7t o]
HAE HolAY A o] 88 Wk sy
A wakz]| gk wl, Bdga) ndgs 492 givh 53
Yol M= TE9) Ackvle)= Aok 35 BAE Bol



L Aoz Bas3 9}l Barla et al.(1999)0] Z& F
3 F2E M- e FRE e R % d5H o
L&A nllge] Ayl & ol & eh R 9l
Backer(19957} 738t 4= 2 efrdo] QP4 si4d+
oll A A Zellol A ehiA] ok o] UDEC
wedollA VrEREAL glo], BoddA] el el st wehg
ohibe melgsed e W o Hrlx Felst
uhekst Qhitoll4] & W7 Yehs AL A4 29
A AEALE & 5 ek FLACYA = 384,
o W et g A EF 55 2 5 Yo
£ W $loll g mrlzgo] 753l 2Pl EdEA|
2ele) & £3lej HTM (Hydro-Thermo-Mechanical) 71
5 melzo g Ugsh Sute) WIS FHekenl £ 4
& 7}A gtk (Gutierrez and Makurat, 1997). ©h-& Al
7oA e HFEIY AAbsEo] o §4E Ao g Hof
FRACMAN, NAPSAC -2 3DEC 5% o|&&to] of}F
243 33] Aele] B4E s vy s HTM
zH#o] 7158 Ao Pkt vl Nevada® Yucca
Mountainoll A+ A 7} Wk $-3]hE o 339
sk HTM 2d3e  AAE8ich(Damjanac et al.
1999). o] Q7NN HE FRE 47 AFAHE mdE
7] $l8} UDEC 2oll4 A5 AF7HA =43
A} Y A g e YRRE 221
29l PRCell o1%t A dejw e 7 53} JRCe] #2717}
A2 & dR&e 28 JERYcHCundall, 1996).

8. SHEE

Al 1A E 2 G8giE el A3t Y §224,
of7]oll WHHE FAIE 44de] B A o), el 2
oht, B, RSk, B4 AstA A, 44455, 7
Z, A, 37, 299, JlelREA 55 E  Sloh ol
g g o]l 20817) S A8 9 IS v W
FAA oy Al719] AR 7| F-88ke Ale] Hasicl

S H Y- Mohr(1882)01] 9J3) B o x4l Kof
ol 2#Fet A g0l ghor} WA AU kel &
g, 2, 47, rockfill, @ #bd HEE Yo &
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nke} o] e Qhilol| A FAde] T A RollA] HE] 7ol
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Efga AjF7 279

AR rt Hesn, 2 b0 F constitutive law 2 /3
< S W o s el HQE Ao}, Fuls]s] o]
RA7tRle] Alddke] A2l diside EAPE glAE 2
P guhE B3] F Aot A2 E AP folslok
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d.on], SFHpFo] YL HPoll= AoiHEIE 5 L,
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£ AAAY AU 85 Tl o2 waEe A
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A 300947 RS ksl W2 FEH R 3
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< BP9 A g oA AR AMEEAL, T2
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28 BHAZ 9E o, 2348 v £Y 5 et ubF
g g AFEe ] Wt Q 7 A I
T 917] alEell Q FHEEE A xel 3L A
2] vhel FAIAE dIFE 4 glvt. Qgkelvt RMRZHE
2eislA] okgkE o, ¥ 2 WFE tAA Aok 3, 7]
EHQ TAE A48 F gk AFAA F24E5 e
2 3 TBM 1Al & o™ 73 ol 813 100m &
Aehar vk 9ol el E THE A £k
NAE AY F ol AFE 71eA), AR, e84
A 7eA 29 FA7 Lk 714 dukgehg o)
Fet Fopoll L% o, ke AL Z dd mlg
g5 T, EAEF o' kel Bl 2 wrlg)
ok gk £E S| A A&l 2AWPito A
FF, 43 " s, el AAF i 3E 5y
A AEY e d5A 2289 A2 =7t ] & Aol
AR ot}
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g dYARE £ ol3te] AUEE JAES 28
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o YHARE AL FHH odu] AAHIE A o
HEE7HE e AL S3E APl EEd A€
A og g AL AAuldt o] o A JE
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g de 5Ee 7ok k. A2 o]EY &
< SN EAol Hagt Ed TATAHEL, BA,
Ay s glont EE AR S slokd Ak
o} Art, aglB g 7zt FANE AFE FE3) A
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(Applied Rock Mechanics - Safety and Control of the Environmental)"

J. Nielen van der Merwe, CSIR Miningtek, Johannesburg, South Africa

Z= B A 1FAelE F 10689 wio] Ao, o] =EES] W, 44, Ay 5L ARt dtgez
=ES] FEL ZF e, RS 9% = AR skerl ozl . #l4 <l Wl sloi4le R4
wgol, A&l gloiA e AR AFuhyol 7Hd dHbd o2 AMEE A =F W Foll Algto] U] wiFoll thE-el AA
2 AAE HAHES AT gt Sol# AL AT FAEH e HFele}t & = o, it BAA
o 2= A o] @ Foll ¥ ATt A SH 2R o] Fojof P
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AEF 10679 =E2 1009 £FAZ roizi).
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ol AEFH % =E9 FE W nldled LR
ol F% A|7ke] F 90E-01%7] Wit} o] FhET
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2. FNYE 2% (Grouping by topic)

10709] Al 5 Aol W3 = a7 2bg w3t
o, A HEL h 2k

Bl (169), A (189), A1 =dH (67), FF (17
H), A4£FF (891), At 7H), F4 (149), 4
f&8 (79), 34 (5H), 71k (39).

3. =&9 44

7| A AEE o] A2 e A =3 e
R &2 o|n| sRte] o] FolFl Bl tig HEE A=
313l QL Aol thsle] AwmKoton] R =E-o A4
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A2 o] Mg AEI gl ol % AR
B 204718 mitehe Aol A g) ohibgdte] 52 8
7HA EokellA M2 ALE HRE AT o]n] 73
Asd HAld 2Fsgica 4y 5 ek

4. =R0M HEBE WY

PE ol 7P 3] ALGEE W X 2EE o)
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He AiHog Ago] ZhAEIr). AlFol o3 o)
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=3 v} gl AAE 46 wiFoll AIFALES gle
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g5 ofo} ghel,
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3. HelzalAe] merkas} A 37 B o
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AlEE =EEENE o AL I AR ISt
T F2% FAIE oA g grks Aolrt. ool w3l
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948} =ESo] AZHL) AT AkeZ BE =
Fo| TF WHEHR £ ol otk 2a FH =
ol Qlel Al Autolt ALg Rold Aol HE},
sk este] 2141719] Bl A7k g o W §4)
o) 583 BAT Bio] I ot £F AF Fol
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(Coupling mechanical phenomena with thermal, hydraulic and chemical phenomena)”

E. Detournay, University of Minnesota, USA
M. Van Sint Ian, Pontificia Universidad, Chile

2 ZA0 gl dEs 2F 0939 FRES) glo=g FdubF e AFTeld Eug ASE A4S

olt I

2 Y3718 A8, ADME, A5 B4 AT Ao} T3 FAH FA elA ohA o kel g A
ool o -2 - 343hd Axa-goll Ui olalrl W o) ojn] AMAH R FyPHE B FEATE o] €7
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Hel E=Fol AL, o] =R g, A, M 58 3] st

1.MEB

Al 27AlE & 928 9] ERo] AFHYoM, 15L
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2 Holen, milley &2 AYA =g 7 Bkt
Az} medgol] [ AL go] o] FoAL gl v,
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Stoll Al o] AN 81-& Folr] AT AAISH o] B
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FE AREEF W3 o[ E FAA L

Q) AENHE Sol7l Al SA el F4bo] it
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Al 4FA "EAAE 2 AlF (In-Situ Tests and Measurements, Monitoring)"

O. Stephansson, Royal Institute of Technology, Stockholm, Sweden

W. Steiner, B+S Ingenieur AG, Bern, Switzerland
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# & AASL glrh

312 A 8 uldARe FF (Seismic  and
microseismic methods)

(D) BEE A5 £ Bl A48 5 Qe &
3 FERFGAZA| 2B (VSP) (A, Hirata eta al,
Eel] AX)3te] a2 FAol o]
& AEE FA3AL

() FFE THRIRNG Y TS0 9] B4
(H.J. Alheid, M. Knecht, Germany and I.Y. Boisson,
F. Homand-Etienne and S.Pepa, France)

(3) Po}e] WALl 71231 n|ghy] £3E) B FASAY
(M. Momayez, FP Hassani and P. Guevremont at
Mc Gill University, Canada): =32l E $7|¥ pg}9)
2ol Fojso} BAR

@) ASHEH Fo) AW olsh AukzAMSE 7
g 4 Y& ARA2E DM, Neil and H.
Habenicht, Austria): Rock3D%& o] -8-3j0] gt4ls}r} ohut
<= A o AVl oA WEE S A .

3.13 93 259 AA (Determination of stress
and strength)

() TIYE ZAE5HE A% AAUYAE ML Lin,
Taiwan); G4 27138 Eo % A L7153 )
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(2) 2 Fo|g) S o] 83 HEAY4 9 HASH 24
(M. Quiertant and J.E. Shao, France): 44 % o] 43k
FARDE Aaid ol

3.2 ¢4¥t=EM (Rock characteristics)

3.2.1 % AS (Rock mass modulus)

(H iy FAAQHFAE 2A (T. T George, R. E.
Finley and M. Riggins of the Sandia National
Laboratory, USA): Yucca Mountainol] 4 =3 A g o
2 9.9 skl og shilel 758 F38it

(2) &4 8Fe] Wyl gt 1 g 4 (K
Kikuchi, YMIto and I. Hirano at University of
Kyoto, Japan): 1600712 Xo]Zoll izl A2 451
on ey d 5 2 obX i) 7)xel] AHE-she]
Shihg A7 T M3 E (deformabily)E S7HAI R E

(2) Flexible Dilatometer Test (M. Gharouni-Nik
and L. Faramarzi, Iran): 432} 44tz £M9 259
ey & Agsa gl

(3) Ethiopia®} Gilgel GibeF A2l AW o] 45 ohit
ol A 2] F3ke] odgkol] vt A<l (L. Lulseged and
G. Reik, Technical University of Clausthal,
Germany): &3}l whg M- sletulelet 4849
W3tE X E Fall Al gl

3.2.2 ¢k A9 AAEs} A7 (Shear strength
and roughness of rock joints)

(1) YukERl Aol AxbE 2elle] 313 (R Kumar
and A. K. Dawan, India): 48532 v 237 it
A o] AR E JES AESHIUL

(2) 344 do|H & o] &7 A A AV 4 27| oEA
9 (F. Lanaro, L. Jing and O. Stephansson, KTH,
Stockholm, Sweden): ZE| A&7 9] 54-& F3517] $I%
A& Z71E AL vt

323 €ete) Y 3 (Deformation and stress
of mine pillar)

(1) & 71 5ol A9 creep A-5H A& (I Plischke
of BGR, Germany): A3 A A &ollA & creepl& &
Aol whAl Wy st

() Akl g4 (. W. Cassie, P. B. Cartwright
and P. Altounyan of Rock Mechanics Technology,
UK): 20008] Aol A 638 535 F7331 ¥y
o} Ao B ERala P e PAE
A3 )

324 M43 EHolE (Fluid flow and mass
transport)

(1) 37l Aol FAIF-Sol HE AAAH M.
Shimo et al, Japan and T. W. Doe, USA): Dipole
tracer AV FY& AHR3sle] Yo WAV E A A%
HZ AFEA N S ¢33t

3.2.5 AEEALS) F3A2® (Site investigation and
integrated system)

(1) EIdA)F Aol =533k =L HDD)S HA)310]
AWERSA (S, Barret, Hong Kong and S. Lee,
Canada)

(2) Fractal ¥ Fractal 2H4-& o]-£3 whabr o] whx9]
2] )2 (Y. Udagawa, Japan): T3 -& o] 2 ® 3}s)3
box-counting method& AH&3F fractal w4 & 3]
FELRE A&

(3) T2, ¢ 9 Edd, AFEE o] &8 A G
35 &8l eldrisArl 289 kA AaEs 9l
= F¢A &8 & (G. Beer, H. Golser, A. Fasching
and A. Gaich, Technical University of Graz, Austria)

3.3 Al& (Monitoring)

33.1. AHGAA AlE (Slope stability monitored
with GPS, Surveying and vibration monitoring)

(1) GPSE ol &3 7ol 2000m, ¥l 120mel 44
A A% (Shimizu, Japan): W E A&H o2 A\ 23
of W9} £EE d &3}

(2) A ZZ ol A o] ApdEHg Aol gk 27k Alelld
T+ (Yoshinaka, Kido, Sasaki and Hagiwara, Japan)

(3) 4702 E1d(H o] 493, 368, 263, 1154m)°] A}
£ Aol 45km E2 F7rol| A 9] AlZ (Cargnel, ltaly)

332 Y9 A&H4 AFAEHS (Convergence
measurements and automated data acquisition)

(1) 2,300m overburden®] -gHAuollA 9] YA F
(Sevume, South Africa): & 3m, ¥o| 5me| v}lAI¥ed
ZF8ol| 2423} 37 incremental extensometerE 4 2]
slod A& AAEgch

(2) Extensometer, inclinometer, convergence mea-
surementZ o] 83 €1'dAl1S (Cunha, Portugal)

(3) kgl A 2] A5 E A1 (Srinivasulu and Gupta,
India)

@ 33 HolE slottere] A A HZE (Gorthesy,
Gill, Leite from Canada): 670 2] slots cut& 7F% Ho]
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3.4 AAMEH (nverse problems)

3.4.1 98 (Back Analysis)

() <Jelidde] goll st ol ¥ (Dimov,
Dimova and Lalov, Bulgaria)

(2) % 22m, ¥°l 356 m FF2 ool A2 Lol
)3 Qa4 (Fotieva and Swammal, Russia)

(3) B4 A4 A4 BdE o] 83 EldolA 9] 338 o
&4 (Sugimoto, Sakurazawa, and Kageyama, Japan)

(4) A RS o] 83 F4toll A 8 a4 (Kahniko,
Ashimin, Shoupletsov, Russia)

(5) tl&22A] obgAl o (Deng, Gai, Xue, Cheng,
and Lee, China)

342 9% 849 £/ 9 A (Classification
and assignment of mechanical properties)

(1) 5709] st to] A&l 7]Hkst Carpatian
A2] Flysch®l 5% (Bestyniski and Thiel, Poland)

(2) F3=7} ohe EF ol HARI A dAdeE
Ahe H7E (Klimis,
Greece)

(3) AFAAEE o183 RQDS RMRE it (Bar-
dakastanis and Karlaftis, Greece)

Papazachos and Efremidis,

35 gt Zt (Rock reinforcement)
35.1 Alel& &% (Cable bolting)
(1) kst AlohgE a__«\ stz 7H‘=Q' (Mosavi, Iran)
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% (Graaf, Hyett, Lausch, Bawden and Yao from
Canada)

(3) Al S B EY L&A JF (Satola from Finland)

352 B% IH9-E £ E (Passive grouted bolts)

(1) Roof HE9 AA9 AH 2 (Korzonejowski
from Poland)

(2) AelHoll A2 A aeleexl EE AYPA A
A8} (Asroun from Algeria and Durville from
France)

(3) A% 815} 7] A ¥ (boltometer) (Vrkljan, Szavits-
Nossan and Kovacevic from Croatia)

3.5.3 4% gelyd (Sprayed lining)

() HE EAE dloldel Wigt 3%
Barclay, Espley, Diederichs from Canada)

(Tannant,

4, £2| FH| (Areas for dicussion at the
congress)

Congressell AlEH =l 71&3810] oh&-2] FAlol of
=7t Heg Ao g gbgi)

() AFA, HolE Ndol g3 gutEA 9 o=

(2) A G goll A9 o]u A A B 9} A S o] §

() B2, dFA ASTHFA ol &

@) HAE, AFY 5o 3 E S5 v o

(5) B, dgollAl g gutEA

(©) o_qsw o] &l

(T) HEE, sho|d, 29, lattice girder 59 A

3 ol

(2) SMART #lo] E 9] Ay Al EJIH A g 421 7]
¥ 23 Mo
19751 A 23w Y28, 2 1987 Al g€niishi Zahlsh 2YE
A} g3}, FahAt

198234 Nancy Ecole Des Mines
(in France), 534 A}
1984'd Orleans ™3H(in France), &

apefAL
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