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— avalanche action, principles 78

— avalanche impact forces with load
cells 356-358

— flow and powder snow avalanches
60-62

— flow depth measurement 358-359

— impact forces with load cells
356-358

— mathematical models 58, 59

— motion, systems for monitoring
355-357

— pressure 314

— principles 55

— velocity measurement

— with optical sensors 359
— with pulsed dual doppler radar

359-361

E

earth pressure 178, 250, 251, 252, 305
—active 251

— approach 252

— distribution, recommended 251
— horizontal 251

earthquake forces 195

Elbrus mountains 3
electro-mechanical thrust 354
end-effect loads 189

— end structures destroyed by 190
energy 28, 71, 165, 237, 258

— consumption 270

— dissipation rate 57, 62

erosion 163,263, 286, 287, 290, 296, 297,
301, 307, 308

—snow 356

Eurocode-compatible combination
coefficients 250

Eurocode (EC) standard system 177

Europe

— avalanche models 67

— historical development 13

European Alps

— human impact noticeable in 2

European Avalanche Hazard Scale 2, 93,
94

evaluation 17, 48, 54

— avalanche hazards 99

— economic 123

— monetary units 97

— object of scenario training during hazard
zoning 48

— of past avalanche events 98

explosion(s). See also various avalanche
release systems

— areas of impact 328

— damage 87

— exploder pipe 337

— heat 328

— phases 337

— using an oxygen-propane mixture
336

extreme snow height 179, 180

— area average of Hext 181

— Austria  180-182

— Canada 182

— Switzerland 180-182

- USA 182

F

fasteners 205

flow avalanche

— action on narrow obstacles 81, 82

— action on obstacles obstructing flow
79-81

— action on protective gallery 252



398

Index

— formulas for load ratios on substratum
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maintenance
— avalanche defense structures 281
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zones 275
— maintenance of avalanche defense
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— foundation of avalanche nets 152
— historical foundation methods 151,
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— protection effect 130
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— type approval test 146, 149
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— strategies 6
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Swiss guidelines 15, 146, 201, 221, 225,  — displacement 208
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— frost resistance index 207
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— investment in structural avalanche
protection 285

— protection goal matrix

— as a benchmark for public

investment 116, 117

— protection target matrix 116

— standards for construction-technical
assessment 178

— technical defense structures 13

T
tangent

— bed friction angle 76

— force 223

— parallel load 252

— pressures 80

technical avalanche defense 6

— pioneer structures 15

technical protection 363-371

— institutions and experts to survey 363
— international overview 364-371
technologies

— for artificial release of avalanches 9

— avalanche monitoring 345

— developments 328

— instruments 352

— monitoring with remote sensing 354

— scraping 262

temperature 10, 19, 25, 29, 35, 36, 50, 51
— fluctuations 21

terrestrial laser scanners (LIDAR) 350
thermal insulation 257
thickness

— flow avalanche 85, 86

—snow 133,136, 140, 142, 143, 158, 162,
195, 196, 202
thin

— shear layer 57

— snowpack 23

— walled profiles 145

threshold

—angle 33

— cirque 44

— value 325

topography 256, 261, 341, 352

— irregular 184

— realistic 71

— and shape of the building 311

torrential processes 247

torsion 235

— bars with a high elastic limit 337

— design 235

— flexural buckling 213

— lateral 212

tourist avalanches 2

traction 153, 154, 183

— forces 210

— strips 235

— transferred via 142

transition 47, 62, 238, 242

— avalanche path to runout zone 47

— distance 70, 78, 88

— fluidized transition layer 62

transportation systems 1, 258, 261

— cable crane 267

— heavy transport helicopters
265-267

— principles of transportation 261

— safety regulation for helicopter
transportation 281



Index

407

— transportation road 261-263
transverse load 212

turbulent

— movement 55

— parameters 359

— peak pressures 314

U

ultimate limit state (ULS) 220

unconfined avalanches 18, 40, 78, 247,
249

uprooted and broken larches 52

upslope measurement 319

upwind side 311

\'}
valley avalanches 326
vegetation
— in avalanche path 53
— effects on avalanche formation 48
— natural 53
— in starting zones 49
velocity 51, 55, 59, 70, 74, 80, 85,
171, 241, 244, 356, 359, 360

— of aerosol 311
— front 62
— gradient 60
— magnitudes of 56
— measurement methods 57
— profiles 55
— propagation 60
ventilation 257
vertical
— deflection 85

— of flow avalanches
— deviation force 252
—loads 251
— movement 21
— pressure 315
— upward forces 90
video cameras 355
video signal processing 359
Voellmy-fluid constitutive law 66
Voellmy-like 2-paramerized friction

laws 59

Voellmy-Salm model 67, 69-72, 74

85, 86

vulnerability

— to avalanche hazard 2

— of avalanche protection structures
285

— to damage 286

— objects at risk 4

w
walls
— design 316
—impact 319, 321, 322
— side wing 316
water 1
— saturation limit 207
wave air pressure 318
weather conditions 257
— conducive for avalanche formation 18
— forming avalanches
— in the European Alps 19, 20
— in North America 23, 24
— in other mountain regions 24
weather radar station 350
weather stations, fully automatic 348,
349
western weather conditions 21, 22
wet-snow avalanches 17, 48, 64
— action by 87
Wiestal Avalanche 11
wind 209
— baffles 8, 16, 234
— construction principles 235
— braces 235
— conditions 50
— dynamic pressure 290, 291
—load 195
— redistribution of snow by 28
—roofs 8, 16, 160, 235
—speed 35, 99, 156, 159, 348
wire rope anchors 270, 271
Wyssen Avalanche Tower LS12-5
339-342
— components 341
— features 340

z
zinc coating 227






