Proceedings of the ISRM International Symposium 3rd ARMS, Ohnishi & Aoki (eds)
© 2004 Millpress, Rotterdam, ISBN 90 5966 020 X

Table of contents

Volume 1
Preface
Organization

Acknowledgements

KEYNOTE LECTURES

Imaging and visualization of fractures in rock engineering
R.P. Young, D.S. Collins, W.S. Pettitt & J.F. Hazzard

An integration approach to seismic data: A case study from the Cuu Long Basin
PT. Vien & B.T.T. Huyen

Risk and hazard management in rock engineering
A.V. Sundaram

Risk and risk reduction in TBM rock tunnelling
N. Barton

Energy development and associated geo-environment damage in China
C.A. Tang

Deep biosolids injection: Environmental protection with energy recycling and carbon sequestration
M.B. Dusseault

Geological storage of carbon dioxide
T. Ohsumi

SPECIAL LECTURES

Composite stochastic continuum models of flow in fractured rocks
S.P. Neuman
Application of some numerical methods to the stability analysis of large underground mine openings

in Korea
S.-K. Chung

RocHA MEDAL LECTURE

Shear strength of rock joints based on quantified surface description
G. Grasselli

XXI
XXTII
XXV

13

19

29

39

61

67

87

Vil



ViSuALIZATION IN Rock ENGINEERING

Evaluation system of rock property for tunnels by the seismic reflective survey and the TBM excavation
S. Shirasagi, T. Yamamoto, 1. Kuronuma, E. Ogura, Y. Mito & K. Aoki

Seismic velocity prediction ahead of the tunnel face using seismic refraction with a source in the tunnel
T. Takahashi & K. Hayashi

A study of effective receiver array and adequate wave for 3-dimensional tunnel seismic reflective survey
K. Murakami, S. Shirasagi, T. Yamamoto, J.M. Descour & K. Aoki

Geological survey by electrical resistivity prospecting in landslide area
S.-G. Park, J.-H. Kim, S. Matsuura, S. Asano & T. Okamoto

Stability analysis of a rock slope on the Bristen road using AutoBlock
St. Bergamin, J. Kolberg & P. Fritz

Acoustic emission monitoring during thermal cracking of a granite block heated in a center hole
T. Ishida, N. Kinoshita & N. Wakabayashi

Microscopic visualization in rocks under confining pressure by means of micro focus X-ray CT
M. Takahashi, T. Takemura & M. Kato

NMRI research of storage and transport of coal bed methane
Y. Pan & J. Tang

Synthesis subsidence prediction method due to underground mining integrated with GIS
T. Esaki, I. Djamaluddin, Y. Mitani & G. Zhou

Visualization simulation of coupled gas leak flow and coal-rock elastic-deformation in
parallel coal seams
P.-D. Sun

Microscopic behavior of the solid particles in fluid flow through porous rock using LBM and
DEM coupling
T. Miyoshi, T. Matsuoka & Y. Yamada

An investigation of joint aperture distribution using precise surface asperities measurement and
GIS data processing
M. Sharifzadeh, Y. Mitani, T. Esaki & F. Urakawa

Utilization of ice as a rock-like material with transparency for physical experiment in laboratory
T. Ito, T. Abe & K. Hayashi

Visualization of roof rock geostructure around tunnel by analysis of mechanical data from MWD
K. Itakura, J. Doki, K. Sato, Y. Ichihara & H. Matsumoto

Electrical resistivity survey for upper layer of shield TBM tunnel ceiling
H.K.Jung & C. Park

Application of high-resolution geoelectric imaging techniques to geotechnical engineering in Korea
J.-H. Kim, M.-J. Yi & S.-J. Cho

Reconstruction of 3D fragment size distribution from 2D measurement
L.G. Wang, M.T. Jia & F. Sugimoto

Joint set identification using genetic algorithm
Y.-B. Jung & C. Sunwoo

A new approach for underground space design with the fusion of human sensibility and a
knowledge of rock mechanics
A. Imaizumi, N. Shimizu & S. Sakurai

Physical modelling of surface wave propagation for rock mass investigations in tunnels
A. O’Neill, K. Tsukada & T. Matsuoka

103

109

115

121

127

133

139

143

147

153

159

165

173

179

185

191

197

203

209

213

VIl © 2004 Millpress, Rotterdam, ISBN 90 5966 020 X



Developing integrated software of adaptive finite element analysis by object-oriented approach
W.X. Qin & S.H. Chen

Stereo vision-based mixed reality system and its application to construction sites
M. Tsutsui, H. Chikahisa, K. Kobayashi & T. Abo

New imaging method for hydro-geological structure in rock masses by cross-hole hydraulic test
K. Aoki, Y. Mito & T. Mori

Slope stability analysis by combining surface topography and Helicopter-Borne Electro-Magnetic
(HEM) data
T. Matsuoka, M. Kadonoki & Y. Yamada

Development and application of a VR-MIS in Xiangjiaba Hydropower Station
D. Liu, H. Guo, W. Pan, Q. Zeng, H. Zhong & X. Liu

Landslide analysis with the resistivity image at Yanadani in Shikoku
K. Katsuyama, Y. Takeuchi, N. Kobayashi, T Sakai, Y. Yoshitake, M. Ebato & T. Takahashi

Improved seismic imaging ahead of the tunnel face
J. Takekawa, Y. Ashida & H. Kusumi

Geotechnical applicability of electric sounding in accretionary complex in Hokkaido
K. Okazaki, Y. Ito, S. Hashimoto & K. Yamaguchi

P-S converted seismic waves by a fracture and imaging
Y. Sanada, A. Ashida, T. Watanabe & A. Kiriyama

Risk AND HAazARD MANAGEMENT IN Rock ENGINEERING

A study on estimation of construction cost variation of underground construction projects caused
by geo-technical risk factors
H. Ohtsu & Y. Ohnishi

Assessment of rock slope stability based on three-dimensional continuous displacement monitoring
by GPS
H. Matsuda & N. Shimizu

Risk estimation of earthquake induced rock sliding in Chiufengershan, Taiwan
K.J. Shou, C.F. Wang & Y.L. Chen

GIS hazard management in rock mass failure debris: Development of hazard area estimation
system using multivariate statistical analysis
T. Kuwano, Y. Sasaki & S. Anan

A three-dimensional simulation with some considerations on the uncertainty in rockfall
T. Nishimura, T. Seiyama, H. Kiyama & Y. Taniguchi

Cavability assessment model for longwall workings in India
G.S.P. Singh, U.K. Singh & G. Banerjee

Mechanical and math models of water inrush from karstic collapse columns in North China
S. Yin, Q. Wu & S. Wang

A GIS-based approach to predict early toppling and rock falling risk zones with outcrop patterns in cliffs
J. Pupo, T. Esaki, Y. Mitani & G. Zhou

GIS as tool for slope stability evaluation and landslide hazard assessment
M. Xie, T. Esaki, Y. Mitani & M. Cai

Risk analysis in trenchless construction across Huangpu River, China
X. Xie, J. Shao & G. Zhang

New advances on identification for omen catastrophe of rock mass
Y.Tan & T. Li

Proceedings of the ISRM International Symposium 3¢ ARMS

217

223

229

235

241

247

251

255

261

267

273

279

285

289

295

301

305

311

317

323



Evaluation of behavior of EDZ around rock cavern by AE measurements and DEM simulation
using bonded particle model
K. Aoki, Y. Mito, T. Mori, H. Morioka & T. Maejima

Stress-dependent rock properties in oil-water environment around a petroleum wellbore
G. Han, M.B. Dusseault, B. Xu & M. Bruno

The measurement of the crack propagation in rock slabs
C.-T. Hsieh & C.-L. Wang

Application of fracture mechanics to stability analysis of rock slopes subjected to dynamic excitations
C.-H. Chen & C.-L. Wang

A study on the slope risk evaluation due to rainfall using the simplified storage tank model
H. Ohtsu, Y. Ohnishi & K. Takahashi

Risk assessment approach for underground research laboratory
M. Shimono, S. Suzuki, Y. Taguchi, K. Kamemura, S. Mikake & T. Sato

Safety control to rock burst in tunneling
T. Hirano, A. Hirata & Y. Kameoka

Safety factor of multi-tunnel
K. Shin & S. Okubo

Application of micro seismic monitoring technique in the rock cavern
T. Mori, K. Iwano, H. Morioka, M. Minami & K. Aoki

Basic study on the monitoring method for the rock slope failure using the micro geo-electric signals
Y. Kusakabe, Y. Ito, S. Hashimoto, H. Murayama, T. Kato & T. Nagao

Discussion on derived hazards in the resource-exhausted mining city
L. Wang & C. Wu

Debris flows hazard: Identification, prediction and protection using remote sensing techniques
B.H. Sadagah & M.H. Qari

ENERGY DEVELOPMENT AND ENVIRONMENT PRESERVATION

Managing uncertainty on site characteristics for the design of a high-level radioactive waste repository
H. Umeki, Y. Sakabe, H. Ueda, Y. Takahashi, 1.G. McKinley, H. Takase, H. Shimbo & Y. Ijiri

Modeling of plastic deformation and damage in unsaturated argillite and application to nuclear
waste storage
Y. Jia, G. Duveau, J.F. Shao & K. Su

Thermo-mechanical studies on the rock mass behaviour around nuclear waste disposal repository
S.0. Choi & H.-S. Shin

Utilization of tunnels as sources of ground heat and cooling - Practical applications in Austria
W. Unterberger, H. Hofinger, T. Griinstdudl, D. Adam & R. Markiewicz

The experimental study on shear mechanical characteristics of heated rock salt
W.G. Liang, Y.S. Zhao & S.G. Xu

3-D FEM modeling of geostress in oil field and its application
H.C. Wang, L.J. Wang, W. Wang, B.S. Sun, Z.J. Qiao, B.R. Xia & X.W. Huang

Development of dynamic grouting technique for the low-permeable rock mass
S. Wakita, K. Date, T. Yamamoto, Y. Nakamura, Y. Mito & K. Aoki

Modeling ground water flow through channel networks in rock using a stochastic approach
PA. Bruines & P. Egger

327

335

341

347

353

359

367

373

379

385

391

395

403

409

415

421

427

431

437

445

X © 2004 Millpress, Rotterdam, ISBN 90 5966 020 X



Size effect on permeability of a fracture estimated by a large-scale synthetic fractal fracture
K. Matsuki, Y. Chida & K. Sakaguchi

Numerical analysis of hydraulic fracturing test by fracture mechanics and continuum mechanics
A. Kobayashi, Y. Tsukada, S. Aoyama, S. Kawakami, O. Stephansson & H.-S. Lee

A rock physics study on seismic monitoring of injected CO, in a porous sandstone reservoir
Z. Xue & T. Ohsumi

Importance of geomechanics for the safety of CO, geologic sequestration
K. Yamamoto & K. Takahashi

DEVELOPMENT IN Rock MECHANICS AND Rock ENGINEERING

Mining Engineering, Earthquake and Rock Dynamics

Numerical simulation of bed separation of overburden strata induced by mining excavation
D.S. Zhao, T. Xu, C.A.Tang & X.L. Fan

Application of rock mass classification system for the stability of underground limestone mines
C. Sunwoo, Y.-S. Jeon & K.U.M. Rao

Influence of a stope on drift displacements in a fractured rock mass at Pongkor underground
gold mine, Indonesia

B. Sulistianto, R.K. Wattimena, S. Kramadibrata, M.A. Rai, B. Dwinagara, K. Matsui,

1.D. Setiawan, H. Sudarman & E.J. Herlambang

Research on viscoelastic buckling theory of rock formation
Y. Li, Z. Wang, C. Ai & T. Zhang

Mine-induced seismicity in the central part Kola Peninsula in Russia
1.U.V. Fedotova, A.A. Kozyrev, S.L. Yunga & V.S. Svinin

Geotechnical investigation of old mined cavities and their effect on the ground subsidence
W.K. Song & K.C. Han

Research of the characters of the surface’s deformation and subsidence induced by the underground
mining under the thick covering terrane by model testing
W. Ren, C. Yang, H. Chen & F. Chen

Methodical approach to value of an optimal open pit slope angle in hard rocks
N.N. Melnikov, A.A. Kozyrev, S.P. Reshetnyak, E.V. Kasparian & V.V. Rybin

Critical peak particle velocity of mudstone: Findings from field investigation of blast-induced
damage of the sedimentary strata rock mass at PT. Kaltim Prima Coal, Indonesia
G.M. Simangunsong, H. Shimada, K. Matsui, S. Kramadibrata & E. Yulianto

Numerical simulation of patterns of seismic activities in rock failure process
Z.Z. Liang, L. Song, C.A. Tang, T. Xu, Y.B. Zhang & Y.F. Zhang

The damage to abandoned lignite mines caused by the 2003 Miyagi-Hokubu earthquake and some
considerations on its causes
O. Aydan & T. Kawamoto

The assessment of rock bursting in rock engineering structures with a particular emphasis on
underground openings
0. Aydan, M. Daido, Y. Owada, N. Tokashiki & K. Ohkubo

Computer modeling of coupled gas flow in rock failure process
T. Xu, W.H. Li, C.A. Tang, TH. Yang, Z.Z. Liang & L.C. Li

Numerical study on fracture in rock surrounding a circular tunnel under different confining pressure
H.Q. Zhang, D.S. Zhao, C.A. Tang, T. Xu, S.Q. Kou & H.Y. Liu

Proceedings of the ISRM International Symposium 3¢ ARMS

451

457

463

467

475

479

485

489

495

501

505

509

515

521

525

531

537

541

Xl



Behaviour of strata in underground coal mine workings due to dynamic loading
P.K. Singh, A. Sinha & D.P. Singh

Sedimentation and generation of abnormal fluid pressure in the focal area of 1999 Taiwan Chi-Chi
earthquake
W. Tanikawa, T. Shimamoto, W.-K. Wey, W.-Y. Wu, C.-W. Lin & W.-C. Lai

DEvELOPMENT IN Rock MECHANICS AND Rock ENGINEERING

Large Underground Caverns and Tunnels

Stability analysis of underground houses in Xiaowan hydropower station by finite element method,
a case study
S. Wang, C. Li, G. Shi & X. Ge

Analysis of deep tunnel excavation in consideration of joint opening phenomena
T. Mori, K. Iwano, S. Morikawa, K. Tabei, S. Nakama, T. Aoki & T. Sato

Evaluation of excavation-induced microcracks during construction of an underground power
plant using acoustic emission
T. Shiotani, K. Kumagai, K. Matsumoto, K. Kobayashi & H. Chikahisa

Numerical modeling of a large underground powerhouse using geomechanical parameters obtained
by artificial intelligence techniques
T. Miranda, A.G. Correia, L.R. e Sousa & C. Lima

Unloading curve of rock mass and stress analysis of underground excavation
X. Guo, G. Yang & G. Li

Evaluation of crack growth due to stress relief in rock mass by means of the ratio of crack
opening dependency

Y. Hirakawa, K. Sugawara & A. Sato

Long-term behavior of a large underground cavern

T. Koyama, Y. Suzuki, K. Ishibashi, M. Minami, S. Okubo & K. Fukui

Estimation of damage propagation process by AE measurement around underground rock cavern
H. Morioka, M. Minami, T. Maejima, M. Cai & Y. Tasaka

Study of tunnel support reduction for large scale tunnels
H. Shiroma, T. Ito & S. Seki

Tunneling method for shallow tunnel with ground stabilizing
T. Kitagawa, H. lida, Y. Tadenuma, S. Konishi, Y. Kawashima & K. Okutsu

Measurement of ground displacement during tunnel excavation by the optical measurement
system for ground displacement
H. Chikahisa, K. Matsumoto, K. Kumagai & K. Kobayashi

Deformation prediction of tunnel bolt-shotcrete support structure based on the couple methods of
BEM and FEM
Q. Chen, Y. Zhang, G. Wang & T. Bao

Forecasting of adverse strata behavior during longwall operations in real time
S. Tadisetty, R.N. Gupta & K. Matsui

Over-cutting area control by using RADAR application in large diameter slurry pipe jacking method

S. Khazaei, H. Shimada, K. Matsui, T. Kawai & J. Yotsumoto

Applications of configuration and deformation measurement by vision metrology
S. Miura, S. Hattori, K. Akimoto & Y. Ohnishi

547

553

561

567

573

579

585

589

593

599

605

611

617

623

627

633

639

Xl © 2004 Millpress, Rotterdam, ISBN 90 5966 020 X



Research on excavation method of large span and ultra-shallow-buried light railway station tunnel 647
X.R. Liu, Y.X. Zhang, Z.B. Zhu & C. Guo

Performance analysis of friction stabilizer bolts using numerical modeling 653
N. Isago, W. Dolsak, D. Mosch & U. Ozbay
The influence of pore water pressure on the mechanical behavior of squeezing rock 659

M. Vogelhuber, G. Anagnostou & K. Kovdri

Development and application of a long face reinforcing method with GFRP tubes in mountain tunneling 665
Y. Mitarashi,T. Matsuo, H. Tezuka, T. Tsuji, T. Haba & T. Okabe

Evaluation method of tunnel stability affected by ground water 673
S. Konishi, T. Ono, T. Tamura, T. Kitagawa, H. lida & T. Nishiyama
Dynamic design of rock tunnels against explosion loading 679

Y. Zhou & J. Zhao

Analysis of one TBM jamming accident in tunneling for water diversion and supply project in China 685
Y. Shang, Q. Zeng, J. Xue & J. Yin

Intelligent decision-making aided system for rock tunnel construction 689
S.H. Wang, F.S. Zhu, C.A. Tang, B. Liu, W.C. Zhu & H. Li

Simple criteria proposals for the tunnel engineer to decide how much to advance - Nd approach 695
M.D. Koksal

Modeling of inclined ground surface movements and deformations due to tunneling 699

J.S. Yang, B.C. Liu, T. Ma & L. Yan

Three-dimensional excavation analyses on the effects of rock reinforcement by means of long facebolting 705
I. Otsuka, T. Aoki, S. Ogawa, Y. Adachi & T. Tanaka

Numerical simulation for tunnel excavation in soft rock mass and its long-term behavior 711
M. Sawada & T. Okada

Research on design of long steel pipe forepiling by field measurement and FEM analysis 717
H. Sasao, T. Saito & T. Asakura

On the systematic identification of deformational mechanism of shallow NATM tunnels during 723
excavation

J.H. Lee, N. Doba, Y. Yokota, S. Akutagawa, T. Kitagawa & N. Nakayama

Numerical modeling of the excavated damaged zone around underground openings 727

F. Pellet, F.Z. Zerfa, A. Hajdu, F. Deleruyelle & F. Besnus

A numerical study on the rock fracturing by disc cutters and the evaluation of TBM performance in 733
Korea using various assessment systems
S.-H. Baek, C.-Y. Kim & H.-K. Moon

Unexpected stress problems in shallow basalts at the ITA Hydroelectric Power Project in S.E. Brazil 737
N. Barton & N. Infanti Jr.

INDICES

Keyword index

Author index

Proceedings of the ISRM International Symposium 3¢ ARMS Xl






Volume 2

DEVELOPMENT IN Rock MECHANICS AND Rock ENGINEERING

Rock Slopes and Foundations

Stability analysis and reinforcement design of highly weathered road cut slopes

H.-S. Shin, W.-K. Song, C. Sunwoo & S.-H. Lee

The distribution of pore water pressure in a stratified soft rock slope with hydraulic conductivity anisotropy
J.-J. Dong, J.-H. Tzeng, P.-K. Wu & M.-L. Lin

A numerical study on failure behavior of jointed rock slope

W.-B. Kim & H.S. Yang

Slope stability evaluation based on CBR integrated with neural network
M. Liu, X. Feng & P. Sdrkkd

GIS-based 3D deterministic approaches for slope angle design-making of a high open pit
M. Cai & M. Xie

Measurement of rock slope using microwaves
N. Ito, Y. Ito & S. Tamoto

Deformation of weathered slate zone during rock slope cutting works in Tamba Group
Y. Uchita,Y. Ito & Y. Fujiwara

Rock slope analysis based on digital terrain models

P. Fritz & St. Bergamin

Application of photogrammetry method on a slope monitoring in Taiwan
M. Ryu, T. Nakai, K. Fuzimura, Y. Ohnishi, S. Nishiyama, T. Yano & D.-H. Lee

Influence of scattering of deformability on behavior of soft rock foundation with a geological
boundary for embankment dams
Y. Yamaguchi & M. Nakamura

Optimum interval of design holes of curtain grouting for dam foundations
H. Satoh & Y. Yamaguchi

Excavation management of soft rock foundations for embankment dams by needle penetration test
Y. Yamaguchi, Y. Nakamura, M. Nakamura, N. Hakoishi, M. Yamaya & Y. Kato

Loading behavior of shallow foundation on poorly cemented sandstone
J.J. Liao, J.C. Chang, YW. Pan, A.B. Huang & C.P. Lin

The reinforcement of a coalmine bridge and its numerical simulation
W. Lu & Z. Wang

Grouting performance of volcanic rock foundation of 93-m-high RCC dam in Thailand
T. Harnpattanapanich, C. Srisutam, P. Mangjit, N. Phienwej & S. Anwar

Proceedings of the ISRM International Symposium 3¢ ARMS

745

751

757

763

767

771

775

781

787

791

797

803

807

813

817

XV



DEvELoPMENT IN Rock MEcHANICS AND Rock ENGINEERING

Laboratory Testings

A new mathematical modeling for coupled rock-coal visco-elastic-deformation and gas leak flow
P.-D. Sun

Relationship between surface fractal characteristic and hydro-mechanical behaviour of rock joints
Y.J. Jiang, Y. Tanabashi, K. Nagaie, B. Li & J. Xiao

Evaluation of permeability of asphalt mixture for hydraulic structures as low permeable material
T. Sasada, T. Esaki, Y. Mitani, M. Shin & H. Fujiyoshi

Theoretical consideration on the relation between Lugeon value and permeability of open jointed rock
T. Kakue & H. Kishi

The development of electrical resistivity technique for real-time monitoring and measuring
water-migration and its characteristics of soft rocks
K. Kano, T. Doi, M. Daido & O. Aydan

A plane two dimensional model of flows in a rock joint and its verification
K. Kishida, T. Hosoda, P.L. Mgaya & A. Yamamoto

Investigation on creep behavior of salt rock and creep pressure on oil casing in deep strautum
F. Chen, C. Yang, S. Bai & C. Zhang

Experimental study on soft sedimentary rock under plane-strain compression and creep tests
G. Ye, K. Naito, K. Sawada, F. Zhang & A. Yashima

Experimental and numerical analysis of creep deformation behavior of Daejeon Granite
J.S. Hong, JW. Cho & S. Jeon

Critical state concept and a strength criterion for rocks
M. Singh & B. Singh

An experimental study on the electrical potential response of rocks during creep and cyclic loading
T. Ito, O. Aydan & T. Akagi

An experimental study on the short and long-term behavior of pillars of Ryukyu limestone
N. Tokashiki, T. Akagi, T. Ito & O. Aydan

Experimental study of dynamic response and failure behavior of rock under coupled
static-dynamic loading
X. Li, C. Ma, F. Chen & J. Xu

Characterizing dynamic properties of granite using the SHPB
T.S. Lok, P.J. Zhao, X.B. Li & C.H. Lim

Effect of water content on optical and mechanical properties of rocks
F. Shiraki, S. Kawasaki & K. Kaneko

Experimental measurement on wave velocity and strength for frozen grit
0. Ma & C. Wang

Experimental study on mechanical characteristics of rock at low temperatures
C. Park, D.S. Cheon, J.H. Synn, H.D. Lim & H. Cho

Boundary element analysis of the ring test for determining fracture toughness of anisotropic rocks
C.-H. Chen, C.-S. Chen & H.-M. Lin

Quantifying pre-peak damage in rock under triaxial compression and its application to analysis of
nonlinear behaviors of rock
S.-H. Chang & C.-I. Lee

The ground vibrations caused by fracturing, faulting and blasting
Y. Ota, S. Nakamura, M. Daido, O. Aydan, N. Tokashiki & A. Bilgin

825

831

837

843

851

855

861

865

871

8717

881

885

891

895

899

903

907

911

917

923

XVI © 2004 Millpress, Rotterdam, ISBN 90 5966 020 X



Determination of elasticity and strengths of intact rocks using modified point load test
P. Tepnarong & K. Fuenkajorn

Ground surface loading and unloading model test above a tunnel on deformation behavior of
tunnel lining
Y. Kojima, K. Yoshikawa, K. Yashiro, T. Nishiyama & T. Asakura

Experimental study on behavior of masonry lining tunnel in various ground conditions
N. Okano, Y. Kojima, K. Tsuno & T. Asakura

Slaking behavior of siltstones in underground excavations at Lam Ta Khong Pumped Storage
Project, Thailand
N. Phienwej

Characterization of moisture transfer properties of an argillaceous rock
L. Malinsky, Q.T. Pham, F. Vales, H. Gharbi & M.D. Nguyen

Determination of rock properties using the punching test
F. Descamps & J.-P. Tshibangu

Trajectories for crack propagation in limestone rocks under mixed mode I-II fracture
N.A. Al-Shayea

Engineering response of single joint block model in true triaxial stress conditions
K.S. Rao & R.P. Tiwari

Comparison of shear behavior between siltstone/concrete and sandstone/concrete joints
X.F. Gu, J.P. Seidel, C. Haberfield & A. Bouazza

Shear strength of composite rock masses of hard rocks and soft rocks
Y. Yamaguchi, T. Sasaki, N. Ichihara, Y. Nakamura & K. Kito

Development of a new shear model for rock joints, application to scale effect
F. Vallier, Y. Mitani, T. Esaki & M. Boulon

Evaluation of mechanical properties of natural rock joints for discontinuous numerical analysis
M. Nakagawa, Y. Jiang, M. Kawakita, Y. Yamada & Y. Akiyama

Measurement of basic friction angle of rock surface using boring core
M. Yamaguchi, A. Yashima, K. Sawada & T. Sumi

Anisotropic shear strength of rock joint caused by irregular shape asperity
T. Ozawa, S. Ohtsuka & M. Doi

A slip based constitutive model for rough rock joints
B.K. Agrawal, M. Singh & N.K. Samadhiya

Effect of interlocking on the shear behavior of rock fracture
S. Murata, K. Hamaguchi, T. Saito & M. Endo

Laboratory and numerical modelling of shear behaviour of natural rock joints under CNS
A. Haque & P.G. Ranjith

Fault-zone permeability structures and their implications for earthquake mechanisms and
geo-engineering problems
T. Shimamoto, H. Noda, W. Tanikawa, C.A.J. Wibberley & S. Uehara

A method for evaluating the complex anisotropy of strength and deformation modulus of
rock masses
J.V. Smith

An experiment of coupled seepage in a single fracture of rock
EZ Wang, T. Long, A. Li, X.H. Chen, B. Yu & X.D. Deng

Proceedings of the ISRM International Symposium 3¢ ARMS

927

933

937

941

947

953

959

965

971

977

983

989

995

999

1007

1013

1017

1021

1027

1033

XV



DEvELoPMENT IN Rock MEcHANICS AND Rock ENGINEERING

Numerical Simulations
Consideration of temperature distribution around rock caverns used for heated water storage
N. Kinoshita & Y. Inada

Numerical analysis with damage mechanics for degraded rocks
K. Yamamoto, A. Kobayashi & S. Aoyama

Multi-scale analysis of mechanical properties of discontinuous rock mass
T. Kyoya & H. Nishioka

Heat transfer analysis for cold food storage caverns in fractured rock mass
G.-S. Lee, S. Jeon & C.-I. Lee

Research on accelerating law of grains and its application in sandstorm prevention
Y. Li, C. Ai, C. Guo & Z. Wang

Study on the fracture properties of rock subjected to dynamic loading
S.H. Cho, S. Nohara, K. Kaneko & Y. Ogata

An analyzing model for non-linear seepage through fracture network in rock mass
J. Chai & K. Li

Study on bionics algorithm for parameter identification in underground engineering
G. Wei

Incorporation of elastic strain distribution for improvement of back analysis in nonlinear problems
S. Akutagawa, A. Hasegawa & J.H. Lee

Stability analysis of shaft pillars using three dimensional finite element modeling: A case study
D. Deb, J. Bhattacharya, A.K. Verma & R.S. Reddy

Elasto-plastic behaviour of rock mass using generalized Hoek and Brown yield criterion and
strain softening model: Finite element analysis approach
D. Deb

Displacement back analysis of jointed rock masses
F. Zhu, G. Zhao, X. Du & H. Li

A study on the groundwater flow and grouting around underground openings based on stress-
dependent discrete joint network analysis
S.D. Lee & H.K. Moon

A study on the probabilistic stability of an underground opening based on stochastic FEM
S.M. Na & H.K. Moon

Rock mechanics for study and design of Khiritharn Pumped Storage Project, Thailand
W. Pongtepupathum, W. Hemruchatanun, N. Phienwej & S. Anwar

DEVELOPMENT IN Rock MECHANICS AND Rock ENGINEERING

Field Measurements
An experimental and numerical study of an innovative probe for rock stress measurement
G. Li, Y. Mizuta, T. Ishida & O. Sano

Downward compact conical-ended borehole overcoring technique for rock stress measurement at
great depth and its application
K. Sakaguchi, H. Yoshida, M. Minami, Y. Suzuki, M. Hara & K. Matsuki

Estimation of regional stress for heterogeneous rock mass by FEM
K. Matsuki, T. Kato, N. Kimura, S. Nakama & T. Sato

1041

1047

1053

1059

1065

1069

1075

1079

1085

1089

1095

1101

1107

1111

1115

1123

1129

1135

XVIII © 2004 Millpress, Rotterdam, ISBN 90 5966 020 X



Cross-sectional Borehole Deformation Method (CBDM) for rock stress measurement
Y. Obara, T. Matsuyama, D. Taniguchi & S.S. Kang

Determination of three dimensional in situ stress regime using hydraulic fracturing and acoustic
emission methods
S. Kramadibrata, M.A. Rai, B. Sulistianto, R.K. Wattimena, P.N. Hartami & K. Matsui

Parameter studies of a plate-loading test of jointed rock mass by multiple yield model
T. Sasaki, J. Yoshida, K. Sasaki, R. Yoshinaka & N. Iwata

Performance of the drilled shaft load test in soft rock
C.-S. Ku, D.-H. Lee & K.-J. Tasi

Identification of rheological model for field bearing test curves in rock mass and its application
Z. Wang, Y. Li, X. Ding & C. Ai

One-dimensional P-wave attenuation in fractured rock masses
X.B. Zhao, J. Zhao & J.G. Cai

Target model for protecting the “Wieliczka” salt mine after a disastrous water influx in 1992
A. Garlicki, A. Gonet & S. Stryczek

Development of instrumented drilling technology for geotechnical investigation of rock mass
K. Tani, S. Kaneko, Y. Yoshida & M. Ikemi

Simple and objective method for bedrock evaluation focusing on rock crack frequency of drilling
core samples
Y. Ito, S. Nakagawa, S. Hashimoto, T. Kobayashi & K. Kikuchi

Comparison of bedrock evaluation in boreholes and tunnel walls using shock response value
Y. Ito, S. Hashimoto, T. Kobayashi & K. Kikuchi

Estimation of areal frequency and mean trace length of a joint set by using joint traces on a
curved tunnel wall

J.-J. Song

Application of the analytic hierarchy process on rock mass classification
Y.C. Liu, C.S. Chen & D.H. Lee

Study on the mechanism and behavior of bolts by numerical tests simulated with RFPA
Z.K. Li, X. Su, H. Liu & R. Dai

NUMERICAL ANALYSIS OF DISCONTINUOUS ROCK MASSES

Study on stability of retaining wall of masonry type by using Discontinuous Deformation Analysis
S. Nishiyama, Y. Ohnishi, T. Yanagawa, F. Seki & S. Ikeya

Numerical simulation of shear tests with DDA considering change of pore pressure in granular materials

T. Ishikawa, K. Tamaki, Y. Ohnishi & S. Miki

Study on the applicability of rock fall simulation by using DDA
G. Ma, A. Nakanishi, S. Ueno, S. Mishima, S. Nishiyama & Y. Ohnishi

Safety assessment of rock slope by discontinuous analyses considering impact angle
T. Shimauchi, N. Sakai, Y. Ohnishi & S. Nishiyama

The application of 3-dimensional DDA with spherical rigid block to rockfall simulation
T. Fukawa, Y. Ohnishi, S. Nishiyama, M. Yang, H. Fukuroi, K. Yonezu & S. Miki

Estimation and simulation of vegetation effect on rockfall using discontinuous deformation analysis

1. Hagiwara, T. Sasaki, S. Nishiyama & Y. Ohnishi

Study on landslide due to earthquake by using Discontinuous Deformation Analysis
E. Hamasaki & A. Sasaki

Proceedings of the ISRM International Symposium 3¢ ARMS

1141

1147

1153

1159

1165

1171

1177

1181

1187

1193

1199

1205

1211

1221

1227

1233

1239

1243

1249

1253

XIX



Application of rock mass integration method (RMIM) with DDA modeling in rock slope stability
M. Osada, S.K. Shrestha, T. Kajiyama & K. Yamaguchi

Factor of safety against wedge failure calculated by three-dimensional discontinuous deformation analysis
M.R. Yeung, N. Sun, Y.S. Lee & Q.H. Jiang

Earthquake response analysis of rock-fall models by discontinuous deformation analysis
T. Sasaki, 1. Hagiwara, K. Sasaki, R. Yoshinaka, Y. Ohnishi & S. Nishiyama

Stability analysis of a large cavern in jointed rock mass using explicit joint models
B.-K. Son, S.-H. Ahn, C.-1. Lee & J.-J. Park

Influence of non-linear fracture behavior on the prediction of inflow into excavations - A coupled
hydro-mechanical analysis using 3DEC
D. Mas Ivars

Spatial distribution of in-situ stresses at Aspo, Sweden - 3DEC analysis with emphasis on the role
of fracture zones
H. Hakami & R. Christiansson

Simulation analysis of shear behavior of rock joint by distinct element method
H. Kusumi, S. Tatsumi, T. Matsuoka & Y. Ashida

Understanding of parameters used in distinct element modeling and suggestions for preparation
of input data
C.-H. Ryu

1257

1263

1267

1273

1277

1283

1287

1293

Application and evaluation of stability analysis of large underground opening in discontinuous rock mass 1297

Y. Yamashita, 1. Andou & Y. Jiang

Study on the effect of tunnel face stabilization using the distinct element method
T. Okabe, T. Haba, Y. Mitarashi, H. Tezuka & Y. Jiang

Study on hydraulic and transport characteristics of rock fracture using Lattice Gas Automaton
R. Saito, Y. Ohnishi, S. Nishiyama, T. Yano, A. Sawada & A. Takebe

Multidisciplinary approach for borehole instability problems in a shale formation
K. Yamamoto & T. Koyama

Crack propagation analysis for rock with orthotropic anisotropy by using HPM
H. Ohki, N. Takeuchi & M. Kusabuka

Numerical modeling of block mass model under triaxial compression
R.P. Tiwari & K.S. Rao

A numerical model of solid deformation and fluid flow with Manifold Method / groundwater flow EE.M.
Y. Sun

New developments in the analysis of large scale 3-D rock mechanics problems using
coupled Finite Element / Boundary Element methods
G. Beer, C. Duenser & J. Vorauer

Coal roadway’s roof structure characteristics and its failure pattern in China
Y.D. Xue & H.W. Huang

INDICES

Keyword index

Author index

1301

1305

1311

1317

1321

1327

1333

1337

1343
1351

XX © 2004 Millpress, Rotterdam, ISBN 90 5966 020 X





