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Fifty Years of the ISRM and Associated Progress in Rock Mechanics
Jung-Wook Park, Chulwhan Park, Kong Chang Han

Abstract This technical report is to introduce the paper which was presented in the 2011 ISRM Congress at Beijing
by Prof. Edwin T. Brown. In commemoration of the fiftieth year of the life of ISRM, the emergence of rock
mechanics as a distinctive engineering and scientific discipline is described. And the state and achievements of
the discipline at the time the ISRM was founded in 1962, the events leading up to the formation of the Society,
the development and achievements of the Society in the 50 years since 1962, and the progress made in the discipline
of rock mechanics and rock engineering since that time are also discussed.
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H 339 Edwin T. Brown 1= FA|173AS S35 &
Astolel= S &7 ISRM O] A7 w7, 1e]
I AP 50zt eksjel ehntgeke] a9l A
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At 508 B AdFe} S Elmof BHA % 50
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Miiller W<(Figure 3)7} ©]& ojojutol, 1962 0] HA
< Felsmechanik und Ingenieurgeologie(Rock Mechanics
and Engineering Geology)= Bt} ©]% 1969}
1983do]] #'d™o] zFz} Rock Mechanics(Miiller, 1969)
2} Rock Mechanics and Rock Engineering= %7 & o]
Aol ol=A =Hick o]¢fo] o Ad=E 1963
J=19] Albert Roberto] 2J3l Z7F=] International Journal
of Rock Mechanics and Mining and Mining Sciences
7} Atk Roberts, 1963).
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Fig. 3. The late Professor Leopold Miiller, 1908-1988, founding
President of the ISRM.
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US symposia on rock mechanics7} 72| =itk 1962d
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7} @5 3(Fairhurst, 1963), 22 3o A1 3] Canadian
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I A cHJaeger, 1955, Jaeger, 1972). Y=o
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37|1%= 3Fictk(John, 1962). ISRM2] 2t} A1 Manuel
Rocha 4%} Lisbon®] National Civil Engineering
Laboratorys= GA| =4 Ak 553 Alwsial
?1131(Rocha, 1964, Rocha et al., 1955), 1949 g
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e Tom LangQ] Elo okxods] ul ofulgElo] Hhzo|
=3} kg 1S o]Fo] YiRitke.g. Alexander, 1960,
Brown, 1999, Lang, 1961, Moye, 1959, Pinkerton et al., 1961).

Aekes Y S Altstr] 2lshAl Terzaghi &
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solution) & A|AISFHoH, B35t A F el tsfiA=
I-EbA(Photoelasiticity)©] 2-2%]7]% 3}9tHe.g. Hoek,
1963, Pinkerton et al., 1961). E3t HolLa]7|-g3}=
of| A= electric analogue solution®] 7 v} I Cook
et al., 1966, Salamon et al., 1964). FAlo| TXE 3
Ele} ks 5ol Aol o] g
THClough, 1960), A5t3eREA2] SsjAdof 25 &
23 4= 9l 4220 ol9itHe.g. Goodman, 1966,
Zienkiewicz & Cheung 1964).
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19504 -S-HRAPH(flat-jack method)2] 7ol Zlojs}
Ack S EANHS X528t ol 2 (Habib, 1950),
Pkl BgARE Sk ol Yol HgwEs
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(Hast 1958), o]+ ©]%& “ISRM Suggested Method” =
AR % Sigik 1960 E 2717 27132 S7dHel of
3 TRt A7 XY= om, ApAIE 8- Judd(1964)
9] B3518- za1sy] ulgdt) Obert & Duvall(1967)1} Hood
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A F83 AYIE vl 2. AT 44
Griffith o2& ol Qb4 HAwlol chat AgH,
o274 oL o] QItiCook, 1965, Cook et al., 1966,
Hoek, 1964).
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Ho] o ujaf7} ZHASIH HBryan et al., 1964). 18]
3119634 10¥9)l+= o|ge]o} Longaroneol| 4] 2HAY5H
AR QI3 X[ AT} Vaiont DamE G X|HA oF
25009 9] APgR7} HHsITHMiiller 1964). o] Z-S
RS wulote} QlEeRe T Nto R B H2e 4
WA AT 2] i A18ld 277t o
< EZolXth(Bernaix 1969, Jaeger 1972, Londe 1987,
Londe et al. 1969, Miiller 1968, Miiller-Salzberg 1987,
Salamon & Munro 1967).
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S hew g W o o gtk

“Bre HEIISo), Qe FH 2 S| Badky
(discontinuity) @} o]®-4d(anisotropy)o]H Eoi<&
o BAS o ATt BEALE ol 2
Holl B oJEgith= Hlofl FoJg Aot EAHstoA
=4 AAe) B4 AdARe] o] Wi ¢y
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A3]= 19663 A1&3F Commission on Standardization
of Laboratory and Field Tests®2A] Don Deer BFAl7}
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Al43] Congressol|4] Commission on Testing Methods
2 N8k o] 939 252 “ISRM Suggested
methods for laboratory and field testing”of R]<:%]0
2 "5y QJci(Ulusay & Hudson, 2007). Ayt 45
B 7S FAAR S HolE 392 John Franklin
BlALe} John Hudson W& - 4 Ut} Franklin 2t
A= 1974~1987¢ 0] €315 Commission President)
= AA T IS JUslon, A S ol
Ql= Hudson I4% 1987~2006 P3RS Qs
) glck orabgst Hopol e W ShEUES 9% BE
© 2= ISRM slide collection, ISRM Lecture, Technical
and Culture Field Trip &7 S©°] glow, ZZo=
Commission on Rock Engineering Design Methodology
9] Aulgo] M2 E7hE Hl QJtiFeng & Hudson,
2011). ISRM & Ho|x]& &34 W2 ISRM Lecture
E oS 4= 9lor, 2010 ofl= HAREAH(ISRM
Digital Library)e] 7§A=7%= STt

A F71R] okl Aol UThH, 67 R S Aftica,
Asia, Australasia, Europe, North America, South America)
o] 24 AfRlieier) i Rsiohs 4E 5 4
Sck. Figure 41 19661 o] 3Hs]o] Jjeleleisg 1
o]t A|13] Congress FA| 38302 AJZslo] 1970
Holl 4,000, 198940 6,470 o2 F43] F7151%
t}. 20009 FH7HA] aAlE Bolohrt o] A&k S7F
stod 20109 EA 6,3127 2] 7ol TFE o] =
Abeflo|t}. National Group2 1966 127]=-S.2 A2}
sto] FAfjoll= 48~497=r0] BlPxoE FEE o] gk

53] S-S A oGuERE AREY 4, A =
oA HE FHol 554 IS iS¢ 5+ 2
t}. Figure 5= 2010 G2} Haxo)A 2 st 1o
2 2003~2010 -5t ZF X YL2] TS U4E Ko
ok fEole] Hlgol BAE e A AT 4 9]
51, #5053} QL] Folwrh FobwA ob
olle] Mg F7tshs Aol
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Fig. 4. Total ISRM individual membership, 1963-2010.
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Fig. 5. Individual ISRM membership by Region, 2003-2010.

A, = U debseke) At I A|d 25~30d
&2F ISRMI} ZHAA fgkgsto] Hhds) 2 TS &2
oEThie 3k 4= Qlrh 19799 1179 7Ql3|¢e s
A2l F=-2 2010 @AY 55859 7RQlE] o] &
¥ 7P = National Group o2 AA519ic) Ax}o] 7]
olof] olat, 19834 F i3 18%0] 4j3tel Als53)
Congress F&7HA% Sh3jolx] o] BE2 Aol g
ot T S A&HH 08 AgAste] LisbonollA]
&2 2007 ISRM Congressoll= 54 2] tj7} &5}
a1, o]¥H(2011 ISRM Congress)oll= 1HTE TN @
2 o] skt

1983~1987 9] Tan Tjong Kie W47} 9] |z 2
5t3] Fags QUskaL, 1986 Soliis Ao R
ISRM A8k 2327} Beijing© 4] 72| ${ck Chen &
(1986)2 o] sh&haa]ofx] 1958 AHE A2 Three
Gorges Dam ZZAEQL o]9} THE ZHERAF W oI
2 o] thsljA WaEsltt AAfoll= Xia-Ting Feng
247 S 22 ISRM 3o A5 o] 20154
7Hxle] Q71 SHET Sick

Table 12 ISRM <t 3133 Ueldl Ao E iy 2
QL 53] FolE AMgshe B97F Btk 124 &
780] oA HiEESla, FohHElzk &4191 John
Franklin¥} Charles Fairhursi= AA|2 oJ=t<lo|t}. Table
2+= 313]9] 71 2 A<l Miiller Award 9] =47} =5
O 24, 19919 =Y Aachenof|4] Evert Hoeko] *&
$24F81l). Miiller Award @] 4242} A A9l 34k}
R 2 83 GolHe] gl A £ &
Qg o= Qi

1982dE ¥ 21 3+3]A9]l Manuel Rocha®] &<
71207] sl vid 7P 9=k AR=E-S E S 35t
Ao Al Rocha HlgS F=ofstqiet. @A7IA] 1770l
Al 3079 -2 TR AREIQ 0w, AHHl HFE
2w 22| gk olr) iR AR &
3o} i Hofol|A] ufl$- Fe3gt J3kS gfshal gl

Dol A AmE viel Zro] ISRM-2 At 507 A9
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Table 1. ISRM Presidents from 1962 to date.

Table 2. Miller Award recipients, 1991-2011.

Year President (Country) Year Award Recipient
1962-1966 Leopold Miiller (Austria) 1991 Evert Hoek (Canada)
1966-1970 Manuel Rocha (Portugal) 1995 Neville G.W. Cook (USA)
1970-1974 Leonard Obert (USA) 1999 Herbert H. Einstein (USA)
1974-1979 Pierre Habib (France) 2003 Charles Fairhurst (USA)
1979-1983 WalterWittke (Germany) 2007 Edwin T. Brown (Australia)
1983-1987 Edwin T. Brown (UK) 2011 Nicholas R. Barton (Norway
1987-1991 John A. Franklin (Canada)
1991-1995 Charles Fairhurst (USA) Q3 AL 7HBIAL R 2k glon oo
1995-1999 Shunsuke Sakari (Japan) Haiis WA e el npolt) e Ao o]o]
1999-2003 Marc Panet (France) 2 Yo gAxrt A e 2 QgAY ojn| 2 ekm
2003-2007 Nielen van der Merwe (South Africa) Qe Fu B3y} AL vpgo g 7k Z=A|o] ubd W
2007-2011 John A. Hudson (UK) QAL st Ao|Bmg Y8A aHsAL Halksio)
2011-2015 Xia-Ting Feng I e = ik

B3} o] wre} T BES HFH0|T HLH
o saygtomn A A Qrelst W erkgstel

W A ofupA|ste] Stk

ISRM ¥ o], A 501d2] ohibgste] Wz} 71
Ho thsle] Frlehs AL WAKEdwin. T. Brown)oj]
Al o] mi$- ofelL dojtt. o] IolA] Lo Agh
o AAI AE, aea A AP s 7Y
E 4 vl 7] wiiolct. 3 vlgt o] fE 2 S

erEEke] R FAE Hrt AAH g HES
7] SfaiAl 9 A HEk Uieo] Awe et 9)
o} wEba of7|Ae W AREe] dEl ARSSRL
= TSl IS 2 )| A(simplified general rock
engineering process)= ©]-85}o|(e.g. Brady & Brown
2004, Hudson & Feng 2007, Read & Stacey 2009),
7.2~7.649] AFAZ BRI YutEsITZ R A=
2akEel W S ofulake Ro] ofjet ehikgst
2 W83} 88 2okl oJgt ERolt) whaha] Aol
A 7 ZRAL BEEAG BEHes sl
olSo1x]7|% gtk Figure 62 QuIEar AATe]
ZEEE HoFs AR ANbES] ZRAAE Vi
Moz nae 1ol

Method A

Useof
pre-existing
standard
methods

Precedent type
analyses and
mo difications

.

Method B Method C

Basic
Analytical numerical

methods, methods, FEM,

stress-based BEM, DEM,
hybrid

Database
Rock mass expert
classification, systems, &
RMR, 0, GSI other systems
approaches

Method D

Extended
numerical
methods,
fully-coupled
models

Integrated
systems
approaches,
internet-based

Design based on forward analysis H Design based onrl;;it;;ary;;sf‘

Fig. 6. Flowchart of rock mechanics modelling and rock engineering design approaches (Feng & Hudson, 2004).

Level1
1:1 mapping

Level 2
Not 1:1 mapping
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72 BXZAL W BX| EH35

ShabEst EAlo] glojA] Aag Rx|zAle XEH
BASASR: 1 ZeAso] guke A4shs a4
Q1 faEpal & 4= Stk 4%golA] Aggt Hiel 2o,
ISRMo| HRE7] o]Ho| e K| 2L} E/d3tof vt
712291 g # o]E2 HHEol = AEich 1
2L} ISRMo| A8 o] I Fobo] Ao} 7] JH
Tro] 7RESkE AL, T W8-S AW e Ptk

- &2g A|S=FHZ= 7)< Core orientation method,
23F glg|H-o{(acoustic televiewer, ATV) 59| &
2] 7= 71& S(Brown, 2007a, Takahashi et al., 2006)

s ATEE AR 71s ©/dTt RRARY, v 2,
EbAdul B W TEju] S(Barton, 2006, Takahashi, 2004,
Takahashi et al., 2006)

LBl ZA} 7] APIE, AL o]
A 270, 33 FAFA )7 S(Gaich et al., 2007,
Grobler et al., 2003, Read & Stacey, 2009, Slob
et al., 2007)

- A5k AL 2 B4 7)¥H(Elsworth & Mase, 1993,
Louis, 1974)

- QR =H O] 7idK Barton, 2006, Barton et al., 1974,
Bieniawski, 1976, Bieniawski, 1989, Hoek, 1994,
Marinos et al., 2007)

- EXGH B9 FA £4 7]H(Billaux et al. 1989,
Dershowitz & Einstein 1988, Priest 2004, Priest
& Hudson 1981, Zhang et al. 2002)

- NEHEAAY d(discrete fracture network, DFN)
(Dershowitz, 1995, Rogers et al., 2010)

33190 Aubge] mule W FhAskE Sie axe
o] 7HE(Beer, 2010)

- Ax]-&2 =4 7]<(Amadei & Stephansson, 1997,
Fairhurst, 2003, Hudson et al., 2003)

ofg] 7HA| o1&, AERAL oF & FAAIH FZol
A 1960t 2RE o] F2 Z WS o] FA] XS
ok a2|a 9y Z2AEof Fofgl date] HHe| 9
SPH, FAIEANE SR Hsl B Aok 7IHMsel
ALE AR, H2e 71228 o] Hel |t 7le
W S9E oA ofsle W) Qlrk

1997, Wawersik & Fairhurst, 1970)

- Acoustic monitoringS E3F g4lo] Ik EA o
THMartin, 1997)

- 9HA 9 Qigbef] thigk Al i 9 gt ISRM
suggested method -5(Brown, 1981, Ulusay & Hudson,
2007)

- ] Alo] 2 dlole] He, Bl e AHEst
(Barla et al., 2007)

CQhA W orvbel w9 YR L 9N 4
3219] 7l Hoek & Brown, 1980, Hoek & Diederichs,
2006, Suorineni et al., 2009)

- qpymhaelat o]=, Tl Al P sl A
(Atkinson, 1987, Ulusay & Hudson, 2007, Zhou
et al., 1986)

s YGRS W YRR 2eA e o
2ol gk AFATAIREY AN, Aed AR
o SH=o] MetAol nR = Gl ek A+
(Barla et al., 2007, Barton & Bandis, 1990, Goodman,
1989, Grasselli & Egger, 2003, Indraratna et al.,
2010)

- Ee AW, JdRFEE R Y(bonded particle model)
2 B oA 9 QS Sxmda(Potyondy &
Cundall, 2004) - JAATRLE a4 it of
HES ALY 2(Synthetic Rock Mass model) 2 HA}
gre =4 Miillero] ihe] gt FARIZ 2k
2ol Het sige] G415 AAlStATE oAl
o] Hr}ahsicFairhurst 2010, Mas Ivars et
al. 2011, Pierce et al. 2009).

s dde] 9 o dejddgelA Y] fARE A
-H(Barton & de Quadros, 1997, Long & Witherspoon,
1985, Louis, 1974, Witherspoon et al., 1980).

=

910} 22 e Ao} welolw BB, A4 Al
Aol W A AR B EAREo] it
24 2435 pE Z2aon} Age] BHe X
3] oJsfsiA] 37t 7d-%-7F @t Hoek-Brwono] ut3]7]
ZA)3} 2o AR H e

=3

62 5

e RN WIS ol Bekad 19
2u Fa ol oigt FEe 1 7P §lo] A==
AHE)7F 29I SCHBrown, 2008, Kaiser & Kim, 2008).

7.4 A 2N

At 507 oPelEer A0 A A e S
| AR sAe ARk Al Ao 234 ghaeo] A
gkh o]7] A% Feng & Hudson(2004)0] A 4|5t
& Y IY(Figure 6)& &3l oI5 A==

T
)

it}

d

o

15

ul

E 2y
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STk LollA] Level 12 2130291 W 0 24) A9
7lstaa, olshd B4 Ao 27 wegEih ol
s (analytic
method), 42124 ®¥(basic and extended numerical
method) 0] <31c), F1, Level 24= 7K1 He
24 g FAI B4 B B9 ASs] et g
t} Level 29] o= precedent type analysis, JHHF
WS o] gsl= W, dHksA|AE (basic and integrated
systems method) 5°] 43kt
Ay716F W] o) A] pre-existing standard method, 3}
A& Wl precedent type analysis, 12|31 HH ¢
ERH2 19609 Zo% oju] ARE|AL SISITE 1960
At o] 2L kol W= ¢l (Barton
et al., 1974, Bieniawski, 1976, Bieniawski, 1989, Hoek,
1994, Marinos et al., 2007), thoFst 4=2] mdla] 7|H
o] 7k A8E|ct 414 WH(e.g. Diederichs & Kaiser
1999, Sofianos et al., 1999)7} A ®H(e.g. Galvin
et al., 1999, Hedley & Grant, 1972, Salamon & Munro,
1967)0l=. BAIAR1 W] Qleie). 2ol 2lEA|
5, WEF A2E, QY EE Bl Juie
53 A5 AaRg B gl AYET o
(e.g. Dershowitz & Einstein, 1984, Feng & An, 2004,
Feng & Hudson, 2004, Feng & Hudson, 2010).
1960t FRHREE orubgsr AAo] X|s4Ho]
T AEElo], A%t A HulR F2hE7] Al
FaFGITE. Jing(2003)-2 7743He] 95 Aeste] ARt
b EopollA ZEE Sl AN ERT A
I=t, 971 vlad o) e ARE S
7|&8tes ik
1960 tholl= =82 ALA] Hdllo] HHH O ALGE
Pom, Nk f EAEHS 571 A&5A AR aley
= 7397F E3ttie.g. Goodman et al., 1968, Wittke,
1977). StH, 50 ISRM 3]AS- <19]st Walter Wittke
A4 FAEAE AT = e 7S sk o
ghEst EAo] fetaday o] 28 MelE Wele A
gt FHL skGth AN 2 ST HY 9
A Qe Ae=glom, vt W w4 4% d Aul
A4 f-aalA, dalld 5= a4tz dole g A
|E]9lc}. Jing(2003)2 A sEA o AEE= thF
T A A7IES thaat 2ol g v Sl
- £31Q 4 W(finite element method, FEM): Q4
H(meshless method) 5(Beck et al., 2009, Beck
et al., 2010, Goodman et al., 1968, Wittke, 1977,
Wittke, 1990, Zienkiewicz, 1977)
+ -3k} H(finite difference methods, FDM): -3¢t

= pre-existing standard method, 3492

iy

f

5

K

fU %0 of
rfr 4

= of o

A4 ¥H(Finite Volume Method, FVM) 5, ITASCA
AFS] FLAC©O| t3%]¢(Detournay & Hart, 1999,
Hart et al., 2008, Itasca, 2011, Sainsbury, D.P. et
al., 2011).

- 7AA| 2 4H(boundary element method, BEM)(Beer
& Watson, 1992, Brady, 1979, Brady, 1987, Crouch
& Starfield, 1983)

- 78 Q AW (discrete element method, DEM)(Cundall,
1971, Cundall, 1987, Itasca, 2011), &5 H 5]
A tH(discontinuous deformation analysis method,
DDA)(Shi & Goodman, 1985), £-20|2(Goodman
& Shi, 1985), 7 @ 4ol 7|9kt AAg =
(bonded particle model, BPM), -S-AF A2 2 d(quasi-
static model), 524 ZX B dynamic lattice network
model)(Cundall, 2011, Cundall & Damjanac, 2009,
Ofiederra et al., 2009)

- 9E3)41: FEM/BEM, DEM/BEM, DEM/FEM(Beer
& Watson, 1992, Brady, 1987, Elsworth, 1986, Lorig
& Brady, 1982)

AERFAAERON T AEH e Beck et
al., 2009, Pine et al., 2006, Rogers et al., 2010)

- et A& s 4(Beck et al., 2010), B-4¢]
-8} #|Z3 df|4)(Detournay, 1995, Hudson et al.,
2001, Stephansson et al., 1996)

- 93} 4d(back-analaysis) ol 4] ARE-El= GAHH(inverse
solution method): 7.64 =%

kst EAoA B o] AEA)] Al o=
ok} 4g AAgeH Bun AR, 103 7
Azl Meshotp] eiglch w3 ohE Amsh g
U kS JERE 2Ask] AA ¢ o

4, SEE ool U o B
Q- £ Qlt) Starfiled & Cundall(1988)
vlg} o), ohigst BAL deRg A

hu Ao
o =
Iroof %

M O

o

A

_I?r r
= o

S48 98] wARH: AL A9 Brhssita 3 4

A BA mpR Aol xndlE 7o z|&HoR
WdEfo] ka, FA w2 ol el
2Lt ko] Aol ofsh, AA| A GFA F=2]5)
A3 BEE A ZoE vhE] EHgAaAy 71
£ A 5 otk &, =7t Asshe vAYSo
U dEArRe] A4, siAel de, e53E Aake) 33t
2 ofu] Fof tiaf FEe FOE 7120l A] YA, &2
ENOS 715E A8l Hvt 553 A9t gk
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204 Starfield & Cundall(1988)9] 7}o]=zg}RlofA]
AXIE vk} 7o, el TSl EAEE S
of Bxjo] A7 A sk 2ol ohfel weke
= ol dth= AE & A7Istolor & Aol

75 & Y X

7.5.1 F2+

A 5087 ok W =2k BE wAUSY o,
71 9 Ao T Fof] §lo] #AJFE Ho] o] RolA
Skt Z2F e 34| YK drilling & blasting) T
ZAAZEZC R U 4 Ql=tl, 1950t} 1960 Th
o= =74 ZFoK(percussive drilling)a} Watol JFk
aha, ghH AT WAUE Sol Fa AT diols]
t} olof wlg} 5K rock dynamics)O. 2 ERE
Aol eargsl A Aat An Ao ZFE]7] Al
ZF5}tHe.g. Fairhurst 1963). o] Hofel I=AE o7
FAlSe] Ukt e AT FAZ West, B
& 757} A5k W S8} A 1850981 1950
QAej71R] o]foixl ohbzzl e 7| e] a2
West(1988)2] #o] 44| 47fElo] ol

Wl 2N(drilling & blasting) ¥} THPA= F=2 &
AdE A= Ao} 71& o] o]RolA o,
7 FAlE 7 adfEhE chewt 2.

) ulE B9k B9k AEALEL Agle At W
IR s} W Ay = AlE(measurement while drilling,
MWD)& $J5t AZE0]2] 7l (Schunnesson, 2009)

CoiT Wk AR, dehedel A W A,
A7 2] 0] At

- kel S Sl A% W) AAT(McKenzie,
1987)

- EIFE7IE 213 YRS AlS(Dowding, 1985)

202 W W TP g AR, A A
(Furtney et al., 2009, Minchinton & Dare-Bryan,
2005, Ouchterlony & Moser, 2006)

e} B2 8-S v E Hustrulid(2010)= 73t &
Aol ] apdA o] gt ARE HEEsHlaL, Wiliams
et al.(2009)= Tt = FAte A Alojduls &
et Wat AR Zho|Eakels HhEEgt vh qlrk

7| AAZ2 BN E LS FAE o E
HEHYY 223 A3 ohefdt Aulso] g $Ho
L, A A5kl tisfixl= ofd A-gAdo] =R 2 H
o]t} TBM(tunnel boring machine)-2 19A4]7] 4]
ME)7] AJAsEEAEE 1950 ol o]2a]xof ¢t
ARtfA AFHer A8 = A HAdrk @7

e 7 2 TBMO| 21732 15molH, 7k 233t
ChRE A5 204 A-8o] 758t Zhao & Gong,
2006).

TBM o] Al W A% Hrks gkgers Aa
9} 7|90l ASLo] AP gl om(Barton, 2000, Gong
& Zhao, 2009, Rojek et al.,, 2010, Zhao & Gong,
2006), 71AAl =2 dalato] IR Vs Y, &
&4 F7, Aol R A3} Foll that 24F At ok}
L2 g gl

752 AR U w7}

Windsor & Thompson(1993)-2 X|E(support)} &
Zdreinforcement)©] 5/ U SJu|E ARG-E AT
HOR= F -§o7t S| FEEeof & Aol 3]
ol A E7} Z2e] il WS A-8sk= Adol2bd,
B2 SEEU AOJEEE & AMESl o] AAA

495 7= 7ol ot W Xske-se =
toll SlolH A W s} pelE 71 7Rl A
S SHEX|EA] AbS 22 (ground-support interaction) S
2A] Austrian School(Pacher, 1964, Rabcewicz, 1969)9]|
Al AL =S )%, 10T ISRM 3130|$E Mare
Paneto]] Qa4 -G (convergence-confinement
method) 2 FAE|G101, Theket 2719] X]ut 9l X EA]o]|
ootk Ak 241 95t 4=8k8](closed form solution)
@} =] 3}(numerical solution)7} 7= At =234
Feol ojeia kARA AT IS A8 5

2o

lo

.

o 1-Ho| Qlo] kO1H(e.g. Itasca, 2011), X EA] A
T A melg2 ob] sjdsfjof & E-2 1A
£ <k3l QltiJing, 2003).

A B 9 B e] s fofol| A &A1
o] oJojA it A& W FHA g AsZ gt
E5E(Falmagne & Simser, 2004, Ortlepp 2007), 3%
Ab ARG Alo|E E-E(Hutchinson & Diederichs, 1996,
Windsor, 2004), 3346 B7) =3 2|E 9 &2 2347
E(Bernard, 2010) 5 NZ2&& AXH, BEAE sty
L owgo] ASEg, BHE AojBHE JoleE
oY7]0] FLA(Windsor, 2004), |5 81 x7R)e] A=,
2 AF(Player et al. 2008), EEE, Ao]2EEO]
FHAl 34 Sof gt 4 Villaescusa et al. 2008) %=
ghiks] aiE|Qich E3h 7120] AE A HHHES HiA
2R Kate) o B ) e ) e R = A 3 S -
F]27 QltKe.g. Barrett & McCreath, 1995, Barton et
al., 1994, Hoek et al., 2008, Hutchinson & Diederichs,
1995, Pells, 2002).

b
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X
=N
=

1=
F250] 750] et A2 ISRM A7) oo
Ak} ERE o] 22t AgolA o|Folx]

TR

i
d
o
otd

UHo] o5z, Y3FA ol ofglix] Aol o]FolA
O, HAF A7), ARRYEL ARERALl Zese] T
o] 4= Qlcie.g. Brady & Brown, 2004, Dunnicliff,
1988, Franklin & Denton, 1973, Kovari et al., 1979,
Windsor, 1993). =3 F4bol A APHR-5-Z A58}
7] Q1814 GPS, ARIZE;, #lojA 270Y(LiDAR), =
olg] W QIFE G 7T Aa" § Hd 7wl
ARE-E|3L QItH(Girard & McHugh, 2001, Hawley et
al., 2009, Herrera et al., 2010, Sakurai et al., 2009).

AFEY HAE 7)zo] Wl web ASat
A doly &5, A4, A, By, 4o o] &
Q1 Aof|A o]Fox 3L JTKGilby & Socol, 2010,
Kimmance, 1999). Figure 72 d|o]€] 83} A A
29e R oR HolFt Itk

Arje] A2 ZAlAL 2 AulE AZA oA
TgT} 2lam ) AlaEle] 758 Zisela ke
Akutagawa, 2010, Dewynter et al., 2010, Hawley et
al., 2009, Schubert, 2006). A}, Al=9] Ex 1} L]
= Mddez ddier IA7E 24 th=A] GARL =
2AS AR B0 WAyt & 4 ke,
Franklin, 1977, Kovari & Amstad, 1993).

7t ISRM 3]AS &12]%t John Franklin BMAR= A&
9] 71224Q1 B4 5 syt A dAllA 7H8E A
eyt it 5449 BlddE WA sk ol Jltkal 5t

GIDIE Web
Application Server

Secure client access to data via the GIDIE
wab o [/ B

FTP Server

GIDIE Collzcts data directly by phone or by
Internevintranet source, on a schedule

Aok @A7EA] o] IFgollA AlSg2EeR(trial & error)
¥} g/do]2of o3t A A (forward analysis)E ©]-8%F
curve fitting®] =2 o|-&Fo] ko), 1970 Eah
1980 At) o] o|2A] EHA] ¥4 (backward analysis)
o] A= tigkom FEHT] AESIYITE sfjof= 7]
2oz F 71 ol d=dl shvbs G4 (inverse
method)©|™ T2 Sh+= identification W= calibration
method(Gioda, 1980)o]t}. ¢huta-3} EAJof JAlHL
7P WA ARg3E SHR= Kirsten(1976) 224 AR
A Az wslel FEME Bof A4 giE ol gl
of glute] B gLE Tt gtk

9t ISRM &A1 Shunsuke Sakurai n<>= J3jj4 B
ofe] uhd 77} W Pelo] Q= Q1= A (Sakurai
& Takeuchi, 1983, Sakurai & Akutagawa, 1995, Sakurai
et al., 2009), Hafj4l2] AL LNE 27]9] 234 A
e A4 33 BlAdE-gad EAR ek
o). o), WA WAL ddsy] 9IF chert AT
50] A&AH o7 ~3EdtiFeng et al., 2004, Gioda
& Sakurai, 1987, Sakurai, 1993).

Sakurai 1= AR, et k=2 Al AS
o $24E TS Axagt 1k 24E AglRE
Bl Qb S BAAs) SIak Al(eritical) 2
£ 9 AR AEE Ak Be oz, o
9] hazard warning level-& A|AI8}7] = SFCH Sakurai,
1997, Sakurai, 1999). ©]% Hoek(2001) = A4f3le &
9 WSS el Ak A7 A v ook

SEA 4743 7ol A 242 ISRM | Z1%-9] ol

of

Instruments

Fig. 7. Geotechnical instrumentation data interpretation and evaluation (GIDE) system components (Gilby & Socol 2010).
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3} wrdle] SN Ao g, o8 SolA

B kgl BERgsl sgibyel AR5 ofuX]
AAE3) 5 AFALE st A Hopel A digt FdS
S QItHFairhurst, 2001).

RIH e o s aAESel
Mg, 7R elT S e 9 ek st
(Feng & Hudson, 2004). 62 m A39] =2 9o] Gjevik
=99 5171 4717(Barton et al. 1994), A|A| Z{ch2]
AET Aot T AEYQ] Qujt 5Re-2(Pells,
2002, Pells et al., 1991), %=2] Three Gorges Dam
I Z2AE(Feng & Hudson, 2004, Liu et al., 2003a, Liu
et al., 2003b) 5] L £ o2} T 4= Qick ok ofy
2} Lotschbergd} Gotthard Bl'd S} & & Ao] %
g2 & o, 374, =M, didlE aAY 5
o] BAIE 2= 5]l ehtoM e Jgde=s HA
T ¢ltHagedorn et al., 2007, Rojat et al., 2008).

BAREEE ool M=t lgAke A Ak "
" TS HIst ArEAA o eubgsto] de] 2he-
T3 QJci(Hoek & Bray, 1974, Read & Stacey, 2009).
A el A9, dolmelastael dalE 1o
of 214 QhtellAl dhiti Aol ololAIRA g4l
so] o] AEIL of TlN BEY Wk WA
I} S o]0 Yt Cook et al., 1966, Ryder &
Jager, 2002). A4 A3 (cut-and-fill stoping)ol|A]
Al Apgd(bench stoping) 74| TRt Wrgo] 7k
11 EAof| A=Ak Brady & Brown, 2004, Villaescusa,
1996, Villaescusa, 2008). At 20 7 AW 74 =
R3F PA2 A HAe] =2 S (sub-level
caving method)®} F& B2 H(block or panel caving
method)o] BF5] AEE] ALE AOR gl 2
HollA ti=F ABate] 7hsstAl Btk ook el
= I Aol A REHE 53l & BANET| = of
S tH(Sainsbury et al., 2011). $tH A= tjF1
At Fate] LIS Alarskr] Q1% thefRt =R ol
7Rt A7)=]ar @itk (Alehossein & Paulsen 2010, Vakili
& Hebblewhite 2011).

1970dd) o]%, A{-53F FofolA e ukgshe]
848 HA} Z715FtHRoegiers 1999). ¢ 71 B3
gk A ZolA 7k W A[-9] AJAto] oo et
AATA 2E 9 FAY 1w 5 obEshy 94t &
83 AARS7 =k A58 wolellae ANEdE

L

i
b

AEYDEN) e, @52y 52 AdEe4] 7s, Al
T 4 BAL EA o 54, e Se

1 9
o ok, @-sel-ofst ABY S, SR
8, snke =29, uAY S ARE B3 5

19 o

TjeFg o2 9 7]zo] ZEEaL Ylrth(Detournay, 1995,
Fjaer et al., 2008, Roegiers, 1999, Schutjens, 2009).

A AR Hof ol@jellE A FelAR]9] 7i(Thorsteinsson
et al. 2008), A4 9 7}A9] x]Z=%]%KYou et al. 2006),
LA g)71&9(Fairhurst 2004, Hudson 2010, Hudson
et al. 2001), 12A|, A #|7]E2] *|ZH]H(Dusseault
2010) 9] ThgE off A7 e FofollA] bt
38to] Hgto] FfEar Qich

8. 2 o

196214 HA|ehitelsts|(ISRM) 7} A o] 2 ISRM
3 QMRS GAE FEORLEAL S It B9
AR QA WAL o] TASS AT 5 YUk &
MBS W Wl WA AR S At ol
So] SHRAL, AT HHEA sle] Wt g
7 dol Hel, BAL 9l Halzel Aol /|45
o] AprEigic. Eah ISRME Y ofe) ol 714 &
B HAsT BRACE SYFORA 3o Y
230} A4S 4T Aol T AA ghov], FA) FhF}
of uralo] ojubxlslo] giek. PuEete] Ueist s
B BT, ERFIA, AT, AT 5 T
W Aokl BEHT glov, 1 g YT F7b
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