|ndex — of dip 23,44

— of internal friction 47

— of strike 23, 44
Anhydrite 182, 187, 753, 764
— surface 183, 753, 754, 756

Annular gap
— simulation, grout, wash-out 231, 664, 668, 669,
680, 719
Anticline 14
Aquifer
— confined 160, 502
A Aquifer
Abrasiveness 446, 449 — joint 127,157
Absolute stress 209 — pore 157
Absorption — unconfined 155, 502
— of water, swelling rock 181 Automatic data acquisition 579
Advancing support — central data logger 579
— fore poling 636 — multiplexer unit 579
— ground freezing 641
— grouting 641, 655 B
~ Jet grouting 640 Back analysis 540, 553, 613, 656, 750, 795, 814
— pipe umbrella 636 Bench 620

— steel s_piles 634 . Biaxial compression tests 510
Advancing vault excavation Black Jurassic  543. 599

~ with open invert 269 Block punch index test 431

— with open invert, modes of failure 273 Body force 238
— with temporary invert 273 Borehole 357
Analysis Borehole deformation cell 518

— consolidation 283 Borehole direction 368

- cgfr;taminant transport 285 Borehole expansion probe 453
— diffusion 285 Borehole expansion test 451
— dynamic time history = 283 ~ borehole jack test 453, 458, 459

— gasflow 285 — dilatometer test 452, 455
— pseudo-three-dimensional 241, 251 ~ pressiometer test 452, 455

— seepage flow 178, 230, 276, 284, 285 Borehole iack
- stability 283, 331, 631, 692, 698, 708, 753 Dt dss 453, 458, 459
— stress-strain 178, 225, 230, 238, 284 Borehole sl(;tter ’ 52?;

~ temperature 285 borehole wall observation

- three-_dlmeqsmnal 227, 248 — acoustic borehole logging 365

— two-dimensional 225, 251 ~ optical scan 367

~ two-phase flow 285 — optical sounding 366

Analysis res’ul.t ) — optical televiewer 365

— representation, dam 266 Borehole wall stress relief method 524

~ representation, seepage flow 279 Boundary condition 100, 229, 238, 277, 651, 691
— representation, slope 264 _ Dirichlet 276
— representation, tunnel 259 ~ flow hydrograph 277

Anchor force 295, 313, 314, 576, 749
Anchor head 630

Anchor load cell 577, 748, 811
Anchorrod 630

— Neumann 276

— piezometric head hydrograph 277
— seepage flow analysis 276
Brazilian test 422

Anchor types Buckli 327, 328, 329
— expansion shell anchor 628, 629 Bﬁlcgilirglg 07
— fully cemented anchor 628 Bulk modulus 417

— glass fiber anchor 632
— injection drilling bolt 628, 629, 631
— resin anchor 628, 629 C
— SN anch 2 o
B fpm‘f‘;ect ;;chgf’ g;g Calibration 202, 774, 795
i Case studies
— Swellex anchor 628 . .
Angle — construction pit 542
_ of dilatancy 55 — Road tunnel Osterfeld, design methods 346

Bunter 598

Rock Mechanics Based on an Anisotropic Jointed Rock Model (JAJRM ). Walter Wittke.
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— rock slide, monitoring 583
— rock slide, stabilization 803

— tunnel Hallandsas, TBM, face stability 674
— tunnel Hallandsas, TBM, shield design 689

— tunnel in swelling rock 762

— tunnel, exploration, monitoring 607, 610

— tunnel, monitoring 581
— tunnel, NATM, underneath airport 642

— tunnel, TBM, segmental lining design 703
— tunnel, TBM, stability machine area 698
— underground powerhouse cavern 537, 725

— Urft dam, rehabilitation 771
Cast-in-place concrete 644, 673
Cerchar abrasiveness index test 447
— Cerchar apparatus 447

— West apparatus 447

Chalk 601

Clar compass 377

Classification system 331, 334, 340
Clay filling 83

Clay mineral 185

Clay slate 19, 36, 37, 601, 806
Claystone 18, 593, 596-600, 781
Cohesion 47

Compressibility of water 160
Computation section 100, 225, 230, 235
— seepage flow analysis 278
Computer program 283, 285
Conical Strain Cell 522
Consolidation

— Biot's theory 283

— Cam-Clay model 283
Consolidation analysis 283
Construction pit 542
Construction stage

— simulation of 246

Contaminant transport 285
Contour line 44, 309
Conventional tunneling method 619

Convergence measurement 570, 658, 737, 739

— distometer 570

— invar wire 571

— steel tape 570
Convergence-confinement method 92, 97
Core

— barrel, double-tube 359, 360
— barrel, single-tube 359, 360
— barrel, wire-line 359, 360

— box 361

— diameter 362

— drilling 357

— lifter 358

— recovery 362

Coupled shear-flow tests 172
Creep 57, 116, 606

— failure 116

— primary 116, 606

— rate 119

— secondary 116, 606

— tertiary 116

— test 426

— test, triaxial 125
— test, uniaxial 124
Crown 620
CSRIcell 510
Cubic law 134
Cutterhead 663, 671
Cyclic loading 57

D

Dam

— representation of analysis results 266

Darcy's Law 129

Dashpot 54,78

Deflectometer 565

Deformability

— anisotropic 12

— isotropic 12, 88,410

— orthotropic 88

— transversely isotropic 88, 410, 418

Deformation modulus 78

— scale effect 587, 614

Density 404

— bulk 404

— dry 404, 405

— grain 404

— particle 404

Design

— based on classification systems 331, 334

— based on rock mass behavior assessment
334

— based on rock mechanical model 331

— method 331

— of segmental lining 703

Diffusion

— coefficient, hydraulic, swelling rock 188

— swelling rock 188

— coefficient, swelling rock 188

Dilatancy

— angle 55,86

Dilatant displacements

— swelling rock 195

Dilatometer

— LNEC 452

— test 452,455,461, 463, 778, 781

dip

— angle 378

— angleof 23,44

— direction 378

— line of 44, 309

Direct shear test 437, 485, 611

Direct tension test 433

Discontinuity 15, 22, 107, 221

— anisotropic roughness 63

— aperture 141, 383, 396

— appearance 30, 58

— closed 58

— degree of separation 32, 67

— failure criterion for 60, 73

— initial aperture 168

— joint roughness coefficient 62

331,
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— non-persistent 58, 71, 73

— open 58,71

— orientation 23, 377, 387

— peak shear strength of 71, 73

— persistence 31, 383, 393

— persistent 58, 73

— planar 58

— residual aperture 169

— rough 58

— roughness 381, 396

— shear displacement on 79

— shear strength of 60, 73, 434

— slidingon 61

— smooth 58

— spacing 30, 141, 380, 391

— strength 60, 61, 451

— strength, of different rock masses 591-606

— strength, swelling rock 194

— stress-displacement behavior 74

— tensile strength of 72,73

— trace length 380

— uneven 58

Discrete model 75, 89, 139, 173

Discretization

— internal lining 252

— sealing 252

— shotcrete membrane 252

Displacement 102, 107, 109, 110, 111, 113, 546,
547,736, 744, 751, 793, 805

— representation of 259, 260, 264, 266, 272

Displacement monitoring 556, 558, 570

— along borehole 558, 658

— deflectometer 565

— digital water leveling 556

— extensometer 558, 737, 811

— hydrostatic leveling 556

— inclinometer 565, 659, 811

— liquid leveling 556

— on ground surface 556, 658

— pendulum 567

— plumb line 567

— settlement gauge 564

— Trivec probe 569

Distometer 570

Disturbed rock zone 756

Dolomite 593

Doorstopper 521

Double curved arch dam

— change of stresses and permeability 166

Double porous media 154, 285

Double-plate loading tests 465, 466, 467, 611

Drainage 278, 729, 775, 787, 798, 799, 807, 808

Drawdown

— cone 650

— curve 158

— of water table 281

Drill

— bit, diamond 359

— bit, Tungston carbite 359

— rod 357

Drilling 357, 362, 374

— core 357,361

— diameter 362

— rig 358

— rotary core 357

Drilling jumbo 633

Dynamic time history analysis 283

E

Earth pressure balanced (EPB) shield 668
Elastic constants

— equivalent elastic constants of rock mass 79
Elastic constants 411, 418, 460

— of different rock masses 591-606

— of intact rock 39, 40

Elasticity matrix 41

EPB shield 668

Equal-area projection 25

— equatorial equal-area net 26

— greatcircle 25

— lower reference hemisphere 25

— polar equal-area net 25

— small circle 25

Equipotential 279

Equivalent continuum model 77
Equivalent rock mass permeability 492, 500, 507
Equivalent shear modulus 79
Equivalent Young‘s modulus 78
Excavation 654, 740, 765

— class 334,619

— contour 621

— sequence 620, 654

— support ratio 337

expansion shell anchor 628, 629
Exploration 538, 776, 806

— adit, gallery 202, 372, 608, 610, 728
— case study, tunnel 608, 610

— during construction 374

— shaft 372, 608, 610

Extensometer 558, 611, 790

— multiple-point rod 558, 559, 736, 811
— probe 562

— single-point rod 557, 560, 561

E
Failure

— brittle 50, 54, 118

— ductile 54,117

— tensile 51

Failure criterion

— bilinear 61

— discontinuous 61

— for discontinuities 73
— forintact rock 46

— for rock mass 84

— Hoek-Brown 48

— Mohr Coulomb 46
— non-linear 63

— tension cut-off 47
Failure envelope 419
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Failure line Glass fiber anchor 632
— external 300 Global stress interpretation model 536
— internal 300 Gneiss 35, 675
Fault 12, 215, 221, 233, 238, 704, 806 — granite-like 591
Fellenius rule 293 Gotthard tunnel 35
FESTO03 283 Grain structure
Field test 451, 538 — planar 9,10,11,12,32, 41, 420
Finite element 230, 232 Grain structure
— interface element 233 — random 8,12,32, 39, 40
— isoparametric element 232 Granite 16
— spring element 234 Granodiorite 730
— truss element 234 Gravity dam 166, 266, 774
Finite element analysis 225, 651, 691, 692, 699, Griffith crack 64

708, 795 Gripper TBM 670, 671, 672
Finite element mesh 230, 651, 691, 692, 693, 698,  Ground freezing 641

708, 709, 712, 795 Ground reaction curve 98
Finite Element Method (FEM) 225 Groundwater
Finite element program system 283 — drawdown 281
Flow — lowering 649
— irrotational 134, 138 — monitoring 578, 645
— laminar, discontinuity 131 Grouting
— rotational 134, 138 — advancing support 641
— steady-state, discontinuity 132 Gypsum 182, 756
— turbulent, discontinuity 136 — crystallization of 187
Flow hydrograph 277 Gypsum Keuper 183, 753, 754
Flow rate 276 — back analysis 196
Flow rule 55, 85 — cohesion 200
— associated 55 — deformation modulus 196
— non-associated 56 — dilatancy angle 200
Flysch 705 — friction angle 200
Fold 13,14, 215, 221 — leaching horizon 183, 754, 764
Forepoling 258, 636 — permeability coefficient 196
Fracture trace map 354 — rock mass parameters 604, 614
Full-face heading 651 — structural model 604, 614
Fully cemented anchor 628 — swelling parameters 200

— swelling test 196

G — unleached 182, 187, 757
Gabbro-norite 591 — unleached, swelling of 187
Gallery test — water uptake parameters 200
— hydraulic chamber test 484
— radial jacking test 484 H
— water chamber test 484 Halite 115
Gas flow 285 Hallandsas tunnel 674, 675
Gasket 231, 673, 709 Hasenberg tunnel 608
Geodetic head 130 Hazard scenario 331, 334
Geodetic measurement 553, 554, 658 Heaving 757
— tachymeter 554 Heslach II tunnel 762
— target 555 Hollow inclusion (HI) cell CSIRO 512
Geologic map 353 Homogeneous area 334
Geophysical logging Homogeneous model
— acoustic, ultrasonic 369 — rock mass 77, 89, 139, 173, 190, 193, 195
— borehole seismic 369 Hooke element 54
— electric 369 Hooke's law 39, 226
— electromechanic 369 HYDO03 284
— miscellaneous 369 Hydraulic degree of separation 143
— nuclear 369 Hydraulic fracturing
Geophysical measurement — method, test 527
— geoelectric method 376 Hydraulic method
— geomagnetic method 376 — for stress measurement 509, 527

— georadar 374 — hydraulic fracturing 527
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— hydraulic test of pre-existing fractures
(HTPF) 534

— hydrofracturing 527

— pneumatic fracturing 528

Hydraulic model 333

Hydraulically smooth 134

Hydromechanical equitation 175

Hydromechanical interaction 165

Hydrostatic stress state 115

|

Igneous rock 5

Inclinometer 565, 659, 811
Inhomogeneity 221

Initial normal stiffness 59

Injection drilling bolt 628, 629, 631
In-situ shear tests 485, 608, 611, 613
In-situ stress 548, 648

— scale effect 589

— simulation of 243
In-situ stress coefficient 551
In-situ stress measurements
In-situ stress state 209, 677
— due to gravity 209

— hydrostatic 212

— influence of rock mass inhomogeneities 221
influence of tectonic stresses 215
— influence of topography 213
In-situ test 451, 774

Intact rock

— elastic constants of 40, 408

— failure criterion for 46

— grain structure 7

— permeability 129

— porosity 128

— porous 128

— post failure behavior of 53

— shear deformation of 79

— shear parameters of 88

— shear strength of 418

— strength, of different rock masses
— stress-strain behavior of 39

— tensile strength of 88

— texture 7

Interface element 233

Internal lining 252, 644, 673, 766
Interpolation function 225

Invar wire 571

Invert 620

Isoparametric element 232
Isotropic plane 42,50, 211, 212
Isotropy 81

509, 609

591-606

J

Jacking force 263

Jet grouting

— advancing support 640
Joint 14

— bedding-parallel 83

— clay-filled 83

— diagonal 14
— longitudinal 14
— transverse 14

K

Karst 21

Keuper

— rock mass parameters 602-604
Keystone 231

Kinematic viscosity 132
Knollenmergel 543, 610, 643

L

Laboratory test 403, 611

Large flat jack (LFJ) test
776

— biaxial flat jack test 475

— isotropic rock mass 469

— transversely isotropic rock mass 473

Lattice girder 635

Leveling

— digital water 556

— hydrostatic 556

— liquid 556

Lias o 599, 610, 649

Limestone

— structural model, rock mass parameters
601

Limit equilibrium analysis

Lining concept

— double lining 673

— internal lining 644, 673

— sealing 252,673

— segmental lining 673

— shotcrete membrane

— single lining 673

Long-term monitoring 818

Lower reference hemisphere 24, 25, 26

Lugeon test 490, 496, 779, 782

Lugeon value 494

287,293

621, 644, 673

M

Mapping 376, 738, 742, 806

— compass method 377

— conventional 377

— evaluation 387

Marl 602-604

Masonry dam 771

Master joint 233, 731

Mechanical model 333

Metamorphic rock 5

Metamorphic schist

Mix shield 665, 667

Mohr's circle 47

Monitoring 538, 545, 553, 656, 737, 737, 742,
790, 811, 818

— anchor force 576

— automatic data aquisition 579

— case study, tunnel 607, 610

— convergence measurement

592,730

570, 658, 737

469, 470, 472, 608, 732,

599,
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Index

— displacement, borehole 558, 658, 737
— displacement, ground surface 556, 658
— geodetic measurement 554

— long-term 818

— pressure 572

— rock slide 583

— tunnel 581

— water level 578

— water pressure 578

Mortar 630, 673, 719

Multiple failure state direct shear test 439
Multiple failure state test 420, 488

N

Natural state of stress 209

New Austrian tunneling method (NATM) 619
Newton element 54
Nodal displacement
Nodal force 229, 238
Nodal point 230

— , intermediate 230
Numerical analysis 225

226, 229, 238

0

Observation well 645, 656
Oedometric modulus 82
Orthotropic 32

Outcrop 356

Overcoring method

— in-situ stress measurement 511
Overcut

— shielded TBM 664, 669

P

Parameters

— rock mechanical, evaluation 587

Partial safety factor method 287, 292

Pea gravel 686

Peak strength 54, 61, 85, 88

Pendulum

— floated 567

Pendulum 567, 790

— inverted 567,790

— suspended 567

Permeability

— as a function of normal compressive and shear
stress 170

— as a function of normal stress 168

— coefficient 131, 133, 493, 496

— equivalent permeability tensor

— of discontinuities 133

— of intact rock 129

— of rock mass 127, 140, 166, 451, 492, 500, 507,
591-606

— residual 169

145, 146, 149

— stress-dependant 166, 173
— tensor 144
Permeability test 490, 648

— constant pressure test 503
— constant rate injection test 499

— drill stem test 502

— falling head test 506

— impulse test 503

— injection test 497

— Lugeon test (standard packer test) 490, 496

— production test 497

— pulse test 503

— shut-in test 502

— single packer test 493

— slug test 506

— transient oscillation method 508

Petrographic investigation 403

Phreatic surface

— seepage flow 282

Piezometer 578, 811

Piezometric head 130, 276, 279

Piezometric head hydrograph 277

Pipe umbrella 257, 636

Plastic potential 55, 86

Plastic zone 104, 106, 108, 110, 112, 259, 265,
271

Plate bearing test 465

Plate loading test

— double-plate loading test 465, 611

Plate loading test 465, 611

— dual-axial jacking test 465

— uniaxial jacking test 465

Plumb line 567, 790

— floated 567

— inverted 567

— suspended 567

plutonic rock 5

Point load strength index 430

Point load test 428

Poisson‘s ratio 39, 412, 456

Pole coordinates 27

Pole plot 28, 731, 782

Pore pressure transducer

Porosity 406

— effective 128

— of intact rock 128

— total 128

— water 404

Post-failure behaviour

— of intact rock 53

— of rock mass 84

— of rock salt 118

Potential energy 228

Powerhouse cavern 726

Preceding stress relief 251

Pressiometer

— Menard 452,455

— test 452,455

Pressure cell 572, 737

— hydraulic 573

— vibrating wire 574

Pressure head 130

Pressure monitoring 553, 572

Pressure shaft 726

Pre-stressed anchor

— simulation 257

578,787, 790, 791
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Index

Primary stress state 209

Principal normal stress 104, 106, 108, 110, 112,
209, 259, 260, 265, 268, 271, 514, 735, 798

Principle of resisting support

— swelling rock 202, 757

Principle of yielding support

— swelling rock 202, 758

Pullout 248

Pumped storage plant 725

Q

Q system 336, 338
R

RCC dam 266

Regional stress field 215

Rehabilitation of Urft dam 771
Reinforcement

— cage 711

— inner 621

— outer 621

Relaxation 57

Relaxation test 427

Representation of results 259
Representative elementary volume 77, 139
Residual strength 53, 54, 61, 85, 88, 106
Residual stress 221

resin anchor 628, 629

Resisting support

— swelling rock 202, 758

Reynolds number 136

Rhaetian 543, 646

Rheological model

— forintact rock 54

— for rock mass 78

— forrocksalt 119

Rigid-body mechanics 287

Road header 765

Rock

— igneous 5

— metamorphic 5

— plutonic 5

— sedimentary 5

— volcanic 5

Rock block 287

— multiple 325

— size 394

— volume 395

Rock bolt 628, 673

— expansion shell anchor 628, 629

— fully cemented anchor 628

— glass fiber anchor 632
— injection drilling bolt
— resin anchor 628, 629
— simulation 255

— SN anchor 629, 630
— split-set anchor 628
— Swellex anchor 628
Rock exposure 356

628, 629, 631

Rock mass 17

Rock mechanical model

behavior 331, 334

behavior types 334

classification 339

deformability 80, 451

deformation modulus 78

discrete model 75, 89, 138, 173
equivalent continuum model 77
equivalent elastic constants 79
equivalent permeability 145, 146, 149, 492,
500, 507

equivalent shear modulus 79

equivalent Young's modulus 78

failure criterion for 84

homogeneous model 77, 89, 139, 173, 190
in situ stress state 209, 210, 212

index (RMI) 340

isotropic 81, 209, 451

model 32

model, elastic 32

orthotropic 81

permeability 127, 140, 173, 451, 493, 496
permeability model 127

post-failure behavior 84

pressure 574

rating index 331, 334, 335

rating (RMR) 339

strength criterion 84

stress-dependent permeability 166
stress-strain behavior of 88

transversely isotropic 81, 210, 212, 460
36, 37, 331, 332, 734

Rock mechanical parameters

Black Jurassic 599
Bunter 598

chalk 601

clay slate 601, 786, 796
claystone 593, 596-600
dolomite 593
evaluation 587
gabbro-norite 591
granite-like gneiss 591
Gypsum Keuper 604, 614
Keuper 602-604
Knollenmergel 610
Lias o 599, 610
limestone 599, 601
marl 602-604
metamorphic schist
rock salt 606
sandstone 593-598
siltstone  594-596, 602-603
tuff 592

592, 734

ock quality designation (RQD) 336

Rock quality index 336

Rock salt

20, 115

brittle failure 118
computer program 283
constitutive behavior 117
ductile failure 117
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— elastic behavior 118
— peak strength 117
— post-failure behavior 118
— residual strength 118
— rheological model 119
— rock mass parameters 606
— salt mechanics 115
Rock slide
— monitoring 583
— stabilization 803
Rock wedge 287
— failure mode 287
— general wedge method 304
— rotation 287, 288, 319
— rotation axis 321
— rotation vector 321
— slice method 304
— sliding 288
— sliding on a polygonal surface 300
— sliding on a stepped surface 299
— sliding on one discontinuity 291
— stability against sliding 290
— three-dimensional 290, 308
— toppling 288, 319
— translation 287,290

— translation, kinematically admissible 291

— two-dimensional 289, 290
— utilization factor 293, 311
Rock-structure interaction

— system behavior 254, 334
Roughness

— absolute 133

— relative 133,134

S

Sandstone 17, 83, 593-598, 781, 806
Sandy schist 771

Saturation

— degree of 404

Saturation

— degree of, swelling rock 188
Scale effect 587, 614

— deformation modulus 587, 614
— in-situ stress 589

— shear strength 588

Scanline technique 380
Schistosity 9, 32, 212

Schmidt contour diagram 28
Schmidt projection 25

Sealing 252, 673

Sealing structure 756

Sediment

— chemical 6

— clastic 6

Sedimentary rock 5, 719
Seepage

— force 161,175

— velocity 129

Seepage flow 74, 127

— rock mass, discrete model 138

— rock mass, homogeneous model 139

— steady-state, in rock mass 154
— swelling rock 193, 195
— transient, in rock mass 152

Seepage flow analysis 178, 230, 276, 285, 691, 789

Segmental lining 231, 262, 665, 703
— circumferential joint 665
— design 703
— gasket 709
— keystone 664, 665
— longitudinal joint 665, 706
— screw 231,709
— segment 664
— tensile splitting 711, 712, 713
Settlement gauge 564
— magnetic 564
— mechanical 564
— metal plate 564
Shear displacement 79
Shear modulus 39
— equivalent 79
Shear parameters 88
Shear strength
— discontinuities 60, 434
— intact rock 47,418
— rock mass 85
— scale effect 588
— swelling rock 195
Shear test
— direct 437,485
— in-situ direct 485, 608, 611
— multiple failure state 439, 488
— on discontinuities 434
— shear box 434
Shear zone 215,220,221
— bedding-parallel 19
Shield conicity
— shielded TBM 668, 669
Shield design 689
Shielded TBM 664, 674, 689, 698, 703

— earth pressure balanced shield (EPB) 668

— mix shield 665, 667
Shotcrete 254, 621, 624, 673
— additive 625

— admixture 625

— dry-mix method 624

— early strength 624

— early strength classes 625
— final strength 627

— green 624

— rebound 624

— spray cement 625

— spray-bonding agent 625
— tightness 624

— wet-mix method 624

— workability 624

— Young® modulus 626
Shotcrete membrane

— discretization 252
Shotcrete membrane 621, 644, 673
— slotted 93, 96

Shotcrete method 619
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Sidewall adit heading 621

Sidewall excavation 251

Siltstone 19, 594-596, 602-603, 781

Simulation

— annular gap 231

— construction stage 246, 251

— drainage hole 278

— gasket 231

— horizontal in-situ stress 243

— keystone 231

— longitudinal joint 231

— pipe umbrella 258

— pre-stressed anchor 257

— rock bolt 255

— rock-support interaction 254

— screw 231

— sealing 252

— segmental lining 231

— shotcrete 254

— steel set 254

— steel spile 257

— tendon 256

— tunnel driving, tunnel excavation 248, 249

— water pressure on internal lining 244

— water pressure on segmental lining 245

— well 278

Sinkhole 22

Site investigation 353, 729, 775

Slake durability 444

— index 445

— test 445

Slickenside 16, 30, 63

Sliding anchor head 96

Sliding deformeter 563

Sliding element 54, 78

Sliding micrometer 562

Slope

— representation of analysis results 264

— slide 803

— stress and permeability changes, coupling 167

Small flat jackets 525

SN anchor 629, 630

Specific exchange coefficient 154

Specific storage coefficient 152, 155, 508

— swelling rock 194

Split-set anchor 628

Spring 54

Spring element 234

Squeezing rock 56, 91

Stability analysis 283, 331, 651, 692, 698, 708,
764

Steel fabric mat 620, 673

Steel set 254, 628, 673

Steel spile 257, 635

Steering gap 664, 668

Step-by-step method 248

Stiff inclusion 524

Stiffness matrix 229

Storage coefficient 155

Strain

— gauge 409,410

— generalized plane 240

— hardening 57

— irreversible 78

— plane 240

— radial 411

— rate 86

— reversible 78

— tangential 411

— viscoplastic normal 86

— volumetric 86

Strength

— criterion for discontinuity 73

— criterion for intact rock 46

— criterion for rock mass 84

— discontinuity 60, 61, 71, 72, 194, 451, 591-606

— intact rock 88, 408, 591-606

— of shortcrete 624, 625, 627

Stress coefficient 550

Stress compensation method

— cancellation pressure 525

— small flat jacks 525

Stress history 57

Stress measurement

— hydraulic method 509

— in lining, radial stress, rock mass pressure 575

— in lining, tangential stress, concrete
pressure 575, 660

— large scale in-situ stress determination 535

— pressure cell 524

— stiff inclusion 524

— stress compensation method 509

— stress meter 524

— stress relief method 509

Stress meter 524

Stress relief method

— borehole deformation cell 518

— borehole slotter 523

— borehole wall stress relief method 524

— conical strain cell 522

— doorstopper 521

— Hollow inclusion (HI) cell CISRO 512

— overcoring method 511

— stress tensor tube STT 512

— triaxial cell 510

Stress resultant 252, 262, 272, 275, 653

Stress tensor tube (STT) 512

Stress-displacement curve 456

Stressless installation 246

Stress-strain analysis 178, 225, 230, 238

Stress-strain behaviour 39

— anisotropic 12, 42, 283

— brittle 54

— ductile 54

— elastic 39, 80

— elastic-viscoplastic 53, 283

— isotropic 39, 283

— of discontinuities 74

— of intact rock 39

— of jointed rock 88

— of rock mass 75

— orthotropic plastic 80
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— post-failure 53, 84

— transversely isotropic 42, 81
— viscoplastic 77,232

strike

— angle 23

— angle of 23,44

Structural model 32, 81, 333, 397, 591-606, 610,

614, 734, 786, 796
Support
— instantaneous 94
— yielding 92,93
— class 335, 654, 740
Support reaction curve 98
Supporting pressure 94, 109, 111
Surface load 238
Swellex anchor 628
Swelling 191, 193, 195
— behavior, anisotropic 193
— inter-crystalline 186
— law 189
— law, one-dimensional 185
— of unleached Gypsum Keuper 187
— osmotic 186
— parameters 184, 199, 200, 605
— pressure 184, 753
Swelling rock 181, 753
— anhydrite 186
— clay minerals 185
— computer program 283
— corrensite 186
— coupled model 193
— coupled model, calibration 202
— degree of saturation 188
— diffusion 188
— diffusion coefficient 188
— dilatant displacement 195
— homogeneous model 193, 195
— hydraulic diffusion coefficient 188
— principle of resisting support 202, 757
— principle of yielding support 202, 758
— sealing structure 756
— seepage flow 193, 195
— self-sealing 204
— shear strength 195
— specific storage coefficient 194
— strength on discontinuities 194
— stress-strain behavior 193, 195
Swelling test
— according to Huder Amberg 441
— swelling pressure index test 441
— swelling strain index test 441
— triaxial 444
Swelling test 199, 201, 439
— with confined lateral strain 439
— with stepwise irrigation 443
Syncline 14

T
Tail skin sealing 664, 668
Tectonic plate 215

Tectonic stress 215

Temperature analysis 285
Temporary face 260, 674
Temporary invert 273, 274, 620
Tendon 256, 307, 748, 807

Tensile strength of discontinuities 72, 88
Tensioning ring 411

Test excavation 374

Test pit 356

Test trench 356

Testing

— case study, cavern 538, 731

— case study, dam 775

— case study, tunnel 608, 610
Texture 7

Torsional shear test 424

Transducer

— axial 411

— lateral 411

Transmissibility 500, 507
Transverse isotropy 42, 81
Transverse tension 263, 711, 712, 713
Transversely isotropic 32

Triaxial cell

— in -situ stress measurement 510
Triaxial compression test 416, 419
Triaxial creep test 125

Triaxial extension test 417

Triaxial swelling test 444

Triaxial test

— in-situ 480, 481, 483

Trivec probe

— displacement measurement 569
Truss element 234, 252, 253, 256, 257
Tuff 592

Tunnel

— advancing support 634

— bench 620

— crown 620

— invert 620

— monitoring 581

— representation of analysis results 259
— stress and permeability changes, coupling
— support 620

— temporary face 620

— temporary invert 620

— vault 620

Tunnel boring machine 663

— Gripper TBM 670

— shielded TBM 664

Tunnel cross-section

— standard profile, single-track tube 644
Tunnel driving

— simulation 248

Tunnel excavation

— simulation 249

Tunnel heading

— full face heading 651

— sidewall adit heading 621

— vault heading 620
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Index

875

Tunneling

— conventional tunneling method 619
— mechanized tunneling 374, 663

- NATM 619

— New Austrian Tunneling method 619
— shotcrete method 619

- TBM 663

U

Unaxial compression test 408, 510
Unaxial creep test 124

Unconfined compression test 408
Unconfined compressive strength 48, 408
Underground powerhouse

— cavern 537,726

Unit weight 404

Uplift

— force 175

Uplift

— hydrostatic 161

Urban railway Stuttgart 607, 610, 762
Urft dam 771,772

Vv

Vault 620

Vault heading 620
Vein 221

Virgin stress 209
Viscoplasticity 85
Viscosity 55, 102
Volcanic rock 5

w

Wagenburg tunnel 762

Wash-out

— of grout 680, 683

Water absorption

— swelling rock 181

Water content 404, 548

— dimensionless 188

Water gauge 578

Water level monitoring 553, 578

— piezometer 578

— pore pressure transducer 578

— water gauge 578

Water pressure 244, 245, 294
Water uptake

— coefficient, swelling rock 188, 199, 200
— homogeneous model 190

— swelling rock 187, 193, 285, 605
Work hardening 57

World Stress Map 215, 548

Y

Yield function 55, 85

Yielding

— anchor 95

— element 94,95

— steel set 96,97

— zone, swelling rock 758, 759

— support, squeezing rock 56, 92, 93
— support, swelling rock 202, 757

— Young's modulus 39, 412, 451, 454, 470, 547of

shotcrete 626






