Index

Abrasiveness 41,220

— ABRindex 43ff.

— classification scheme 45
Action plan 109

Advance formula 46

Advance rate  53f., 130ff, 219, 223, 321
Advance support 19

Alternative proposal 253 ff.

— examples 253 ff.

Anchor drills 117

Anchors  144f.

— permanent 145

— temporary 145

Annular gap 269

— blowing or filling 19

— grouting annular gap 290f.
Annular gap, filling 19, 278, 290f.
— with gravel 290

— with mortar 291

Articulated steel pipe shield 175f.
Award criteria  244f.

Award law 243

Awarding of contracts 243 ff.

Back-cutting technology 58 ff.
Backup 89ff.

Backup area, equipment 89
Backup designs 93

Backup running gear 97

Ball bearing 53 f.

Bayonet system 34

Bell section 133 f.

Belt cassette 84 ff.

Bentonite lubrication 150

Blind drilling 64

Bore stroke, maximum 17
Boreholes 26

— drillhole photography 198f.
Boring advance, see tunnelling advance
Boring operation 25

Boring principle 1

Boring process 25, 199 ff.

— factors influencing 25

— performance of the boring process 25
Boring system 16

Bouygues tunnelling machine 57
Breakdown torque 51

Bucket edge 30

Bucket system 29f.

Buckets 28ff.

Building site regulations 104

Building site setup 108

Building workers protection regulations 106

CAltest 42,44,47

Cast iron segments, tubbings 269

Cavings 108, 111

Cerchar abrasiveness index test (CAI test)
42,44, 47

Chips 17, 35ff.

Cladding friction, shield cladding friction 123

Clamping 17, 671f., 71ff,, 121f., 202f.

Clamping force 67 ff., 202

— limits 17f.

Clamping pressure 70

Clamping systems 20, 67 ff.

— double clamping systems 68

— single 69

Classification 207 ff.

— according to cuttability and abrasiveness
220

— according to rock properties 208

— according to support measures required
222ff.

— cuttability 207, 220, 222

— excavation classes 241

— in Austria 228 ff.

— in Germany 223

— in Switzerland 234ff.

— rock classification 207

— tunnelling classification 207

Classification parameters 209 f.

Classification systems 208

Clearing 28

Cleuson-Dixence pressure shaft 321 ff.

CLI 216,218f.

Compressive strength 47, 242

— uniaxial 38

Concrete segments 137, 269, 271, 273, 275,
277,279, 281, 283, 285, 287, 295,
see also Segments

Concrete shells, cast in-situ 299 ff.

— casting 300

Concreting distributor ring 300
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Conex lining system 275f. Cutter track spacing 17, 36
Construction phase 263 Cutting angle, influence 33
Construction process, combined 177 Cutting tools 32 ff.
Construction safety 99, 103 ff., — diameter 32
see also integrated safety plan
— in Austria 105 Danger catalogue 105
— in Germany 104 Danger patterns 107
— in Switzerland 105 Dedusting 100 ff.
Construction ventilation ~ 99ff. Design phase 262
Continuous Miner 60 Development history 1 ff.
Contract 243 ff. Development tendencies 12
Control and drainage heading, Ennepe Disc cutter 17, 32ff.
reservoir 303 — method of working 34
Conventional tunnelling, see Drilling and Disc cutter housing 32f., 49f., 200
blasting Disc cutter mounting 32f.
Conveyor belt 29, 60, 75, 84 ff., 171, 308 Discs 17
— limit of performance 29 — diameter 32
Conveyor transport 84 ff. Documentation 195
— advantages 87 Double shield TBM 22

Conveyor transport system 18
Correction segment rings 125

advantages 23
disadvantages 23

Cost control 262 — main components 22f.

Costs 262 — working principle 159f.

Conex segments 275 Dowelled (Conex) segments 275
Cross-clamping, X-type 67 ff. Drifting off 124

Cross-section enlargement 178, 181 Drill hole photography 26, 115, 198 1.
Crossed roller bearing 53f. Drilling and blasting 14, 99, 144, 191, 223,
Crown arches 134f. 236, 243

Curves, driving round 125, 272 Drilling and injection channels 31f.
Cuttability 239, 242 Drilling equipment 117f.

Cuttability class 207, 220, 222, 235 Dust 99f.

Cutter changing 32, 34, 42f. Dust removal 100

Cutter development 32 — dry dust remover 100, 101

Cutter disc wear 41-49 — wet dust remover 100

Cutter head 26ff.

— functions 26 Earth pressure shield 169

— revolution speed 25 Effective capacity 30

— rotation 125 Electric main drive

Cutter head construction 31 — with frequency control 51

Cutter head perimeter 18 — with totally enclosed water-cooled motors 51
Cutter head shapes 27ff. Electro-hydraulic main drive 51

Cutter head shield 22, 152 Employees, protection of 104

Cutter head shovels, see buckets 17 Enlargements 181 ff.

Cutter life 32, 43 ff. — Muelheim underground railway 181
Cutter life index (CLI) 216, 218f. — Nidelbad junction structure 190
Cutter loading — Sachseln road tunnel 181

— average 32 — scheme 191

— critical 38 — service tunnels for the Channel tunnel 182
Cutter pressure, limit 17 — Vereina tunnel 181

Cutter rings, life 41f. — Ziirich-Thalwil railway tunnel 181

Cutter spacing 36 Ziirich-Thalwil tunnel 190
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EPB shields 168

— scope of application 168
Escape plan 108

ESR 2151, 218

Evaluated numbers 209
Excavation 108

Excavation class 235ff., 241
— determination of 240

— in national standards 130
Expanding segments 276f.

Face 15,25, 30, 46, 55

Face support 23

Fault zone 18, 198, 203, 314
Filters 101

Fire in the tunnel 108
Force-wear relationship 47
Formula for forecasting tool wear 46
Front bucket slots 30

Front buckets 29 ff.

Front shield 22

Full shields 155

Full-face excavation 235

Gas 197

Gas emissions 109

Gauge buckets 31

Gauge cutter 35

Geological engineering investigations 195 ff.
Geology 196

Geomechanical classification 208
Grill bars 28

Gripper 18

Gripper TBM  20ff.

— scope of application 19
Grippers 17, 60

Ground conditioning 167

Ground freezing 147,316
Groundwater displacement 23
Grouting mortar 291

Grouting pressure 291

Guidelines 104, 110, 223

Hexagonal or honeycomb segments 274

High-pressure water jet 35

History of the TBM 1ff.

Honeycomb segments, see hexagonal
segments

Honigmann shaft boring 64

Hydraulic clutches 51

Hydro-geology 197

339

In-hole hammer drill 115

Inclined shafts 321, 323, 325

— tunnelling 321

Injection channels 31f.

Injection lances 115

Injections 115,294

Inner Kelly 67

Inner shell 265f., 301

Innovation route 12

Integrated safety plan 106 ff.

Intermediate starting points

— Euerwang tunnel 178

— Irlahill tunnel 178

— NEAT base tunnel, Gotthard 178

— NEAT base tunnel, Lotschberg 178

Intermediate store 82

Invert segments 137

Investigation

— seismic 115

— with boreholes 115

Investigation and improvement of the
ground 115

Investigation drillings 198

Investigation headings 179 ff.

— Amberg motorway tunnel 177

— construction 179

— fault zone 184

— Freudenstein tunnel 179

— Gotthard base tunnel 184

— investigation scheme 184

— Kandertal 186, 189

— Lotschberg base tunnel 186

— outside the cross-section 179

— Pfaender tunnel 177

— Piora-Mulde 184

— probe 180

— results 187

— Seikan tunnel 178

— tunnelling scheme 187

— working time 180

Inward displacement 34

Jamming 125

Joint alteration number (Q system) 212, 215

Joint construction 286

Joint detailing 282 ff.

Joint roughness number (Q system) 212,
214

Joint set number (Q system) 212,214

Joint spacing 41

Joint systems 212, 214
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Joint water reduction number (Q system)
212,216

Jointed rock mass  199f.

Joints 40, 197

Keystone 271
Keystone installation 272
Kilometres travelled (cutter) 41

Lattice girder 136

Lighting 108

Liner plates 136

Lining 265ff.

— construction principles 265 ff.

— construction types 267

— double-shell 265ff.

— shotcrete shells 301

— single-shell 265ff.

— sizing 265

— with concrete segments 269

Lining systems, yieldable 281 ff.
Longitudinal joints 269, 282 ff.

— with convex-concave contact surfaces
— with flat contact surfaces 283

— with tongue and groove 286

— with two convex contact surfaces 284

Machine clamping 203 ff.
Machine support, front 22ff.
Machine types 20ff.

Machine, relocation of 17

Main beam 68, 72

Main bearing 53

Main drive 50

— types of 51

Main duct 99

Main dust-removal equipment 92
Main muck transport 64
Management plans 106
Manapouri underwater tunnel
Material flow 29

Material transport 75
Material transport

— at the machine 75

— diesel or electric operation 79
— rail transport 77

— trackless operation 81

Matrix 239

Measures

— material 109

— personnel 109

3051f.

— structural 109

Mesh erector 118

Micro cracks 200

Micro machines 23, 172

Milling 15

Mini Fullfacer 58, 203

Mini TBM 172

Mobile formwork

— full-section mobile formwork 300
— mobile arch formwork 300
Mobile Miner 58
Mont-Cenis tunnel 1
Muck cars 79

Muck, chip-shaped 36
Muck removal system

— rail 18

Muckring conveyor belt arrangement

18,163

Natural gas 99

Natural gas danger 110ff.
Negotiation process 249 ff.
Net boring rate 238

Net penetration 17

Occupational safety 103

ONORM B 2203 (Austrian standard)
228f.

Outer Kelly 67

Outer shell 265f.

Penetration 38 ff.

— limit area 29

Penetration rate  40f., 216

Penetration tests 40

Permissible workplace concentration
(MAK) 100

Pilot headings 178, 180

— advantages 180

— blasting pattern 191

— conventional tunnelling 180

— Milchbuck tunnel 180

— tunnelling concept 190

— Uznaberg tunnel 180, 188 ff.

Pipe jacking 174

— press-boring pipe jacking 174

— shield pipe jacking 174

Preliminary transport 65

Price matrix 242

Probe heading 178

— Tunnel de Raimeux 179

Propulsion cylinders, twisting 74

171

Index
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Q control plan, procedure 245f. — integrated 103
Quality management (QM) 245, 247 — integrated safety plan 106
— project-oriented 245 — occupational 103
— safety aims 107
Raise boring 62 — safety plan 104, 107
Reamer machines 56 ff., see Reamer TBM — safety planning 103 ff.
Reamer TBM (enlargement TBM) 19, 56 Safety and health plan (SiGe plan) 105
Reaming machines 23 San Pellegrino tunnel 320 ff.
Recommendations 196 Screw conveyor muck removal 165 ff.
Reflection seismology 26, 196, 198 Sealing bands 292
Reinforced concrete segment ring 225 Section joints 300
Removal of muck Segment systems
— hydraulic 163 — rhomboidal 275
— in the excavation area 29 — trapezoidal 275
Ring building 271 ff. Segmental lining 137
Ring joint level 286 — pre-loading 271
Ring joints 270, 286 ff. Segments 18f, 111, 137, 236, 269 ff.
— cam and pocket system 288f. — block segments with right-angled plan 271
— flat ring joint detail 287 — cam and pocket segments 288
— tongue and groove system 287 — cast iron segments 269
Risk 107 — concrete segments 137
Risk analysis 107 — construction types 271
Risk assignment 246, 248 — construction variants 271
RMR system 208 ff. — damage 296ff.
— classification parameters 210 — dimensional tolerances 295
— connection between Q and RMR 220 — expanding segments 276
— correction 211 — hexagonal or honeycomb segments 274
— for mechanised tunnelling 209 — invert segments 18, 137
— linkage to ONORM B 2203 211 — production 295
Rock bursts 205 — segment reinforcement 137
Rock classes — spiral segment 274
— determination 211- evaluation 211 — steel fibre concrete 289
Rock conditions, description 197 — steel segments 269
Rock Mass Rating system, see RMR system Shaft boring 63 ff.
Rock quality 209f. — BorPak 66
Rock Quality Designation (Q system) 209 — drill stem-led 63 ff.
Rock support 117, 1291f., 239 — without drill stem 63 ff.
— in the machine area 133 — without pilot hole 63 ff.
— influences 205 Shaft boring process 62 ff.
Rock types 229 Shaft raising equipment 62
— for cyclical and continuous advance 230 ff. Shearing off theory 33
Rockbolts, see anchors Shield 22
Roller assembly 32f. — contra-rotation 125
Roller bearing 32 Shield bearing force 123
Rolling 125f. Shield cladding friction 123
Roof shields 22,111, 149 Shield friction 74Shield pipe jacking 172
RQD, see Rock Quality Designation Shield tail 19
Shielded TBM 22
Safety 103 ff. Shields with screw conveyor muck removal
— coordinators 104 165f1.

— excavation classes 205 — closed mode 167
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— EPB mode 169

— machine types 167

— open mode 167

— working principle 165

Shotcrete construction method 177 ff.

Shotcrete in the machine area 19

Shotcrete support 129, 142

— in the backup area 143

— in the machine area 142

SIGMA 218

Single clamping 20

Single shield TBM 22, 155

Sink (downward) boring 61

Site electricity supply 108

Sliding shoe 67

Slurry shield machines 163

— working principle 163

Soil consolidation 31

Soil investigations 26

Special machines for non-circular sections
23

Special processes 177

Special types of TBM  55ff.

Spiral segment 274

Splitting process of rock 33

Stability index 218

Stackers 82f.

Stalling moment 52

Standards 223

Steel arch support 133 ff.

Steel fibres 140

Steel ring equipment 118

Steel segments 269

Steering 1191t

— gripper TBM with single clamping 119

— gripper TBM with X-type bracing 122

— single shield TBM 122

Stress reduction factor SRF (Q system) 217

Stresses, primary 200

Structural investigations 302

Structural stability 221f.

Supply trailer 92f.

Support 22, 108

— final 22,265

— localised 144

— temporary 19, 22

Support classes 210

Support measures 18, 222, 235 ff.

— evaluation 233

Support of the crown 19

Support system 18, 130

Index

Surveying 126f.

Surveying errors 125
Surveying systems 126
Synthetic resin injections 147

Tail shield 19
Target chamber 62

TBM
— closed shield 23
— open 19ff.

— with cutter head shield 22

— with roof shield 22

— with roof shield and side steering
shoes 20f.

— with shield 19, 22

TBM tunnelling

— advantages 15

— disadvantages 15

— system groups 16

TBM with roof shield and side steering
shoes 20, 150

TCI cutters 32, 38

Telescopic jacks 22, 159

Telescopic joint 22, 159

Telescopic shield 159

Telescopic shield TBM 22

Tender evaluation 244

Tendering 243 ff., 263

Tendering phase 266

Third band spectrum 113

Thrust 67

— with gripper clamping 67

— with shield TBM 74

Thrust force 67

Thrust jacks, twisting 74

Thrust ring 157

Thrust system 17

Torque 51ff.

Torque, loss of 29

Trackless operation 81

Trailing buckets 30f.

Trailing finger roof 111, 150

Train timetable 80

Transfer chutes 18

Transport chutes 31, 75

Transport equipment 108

Tunnel boring machines (TBM) 15

— application possibilities 15

— basic principles 16

— development history 1 ff.

— development tendencies 12f.
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— innovation route 12

— machine systems 20

— shielded 157

— with full-face excavation 20 ff.

— with partial-face excavation 23
Tunnel systems, water draining 271
Tunnel waterproofing

— drained 267f.

— for tunnel boring machines 222 ff.
— pressure water-resistant 267 f.
Tunnelling classes 227, 235f., 239
according to ONORM 237

— for shield machines 225 ff.

— matrix 230, 235

— with full-face excavation 226
Tunnelling cost  131f.

Tunnelling machines 20

Tunnelling works 237

Turbo couplings, hydraulic clutches 51
Two-phase boring 175f.

Underground ventilation 99 ff., 108

Ventilation 99ff.
Ventilation schemes 99
Ventilation systems 99

Vertical shafts, Swiss classification 237

Vertical steering 123 f.
Vibration 111 ff.

Walking blade gripper TBM, expanding

Waterproofing measures 291
Wear 41ff., 242

Wear forecast formula 48
Wear index 219

Wear tests 42

Wedge lock system 34

Work accidents 103
Working areas 236f.

X-type gripping 67 ff.
Yieldable lining systems 281 ff.

Zirich—Thalwil two-track tunnel

3171t
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