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abrasive wear. see wear

achieved availability 265

active control of vehicle dynamics 89,
109

alert limit 196, 238, 239

allowable stress design 201, 202

Alpha disaster 223, 224

aluminothermic weld 154

asset management 201, 223-229, 338,
354,393, 403

asset management policy 227, 229

asset management system 227

attrition 134, 138, 139

availability 31, 180, 183, 213, 214,
217, 218, 223, 230, 232-236, 243,
255, 256, 260-266, 273, 274, 291,
296, 299, 301, 302, 303, 304, 306,
338, 347, 349, 381, 384, 386, 387,
388, 389, 393, 395, 396, 398, 405

axle load 46, 55, 56, 72, 89, 92, 115,
118, 120, 122, 123, 131, 144, 183,
213,271, 381
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ballast 42,43, 49-54, 56-58, 65, 66,
68-70, 73-76, 79, 82-87, 92, 95,
100, 103, 111, 115, 116, 119, 120,
122, 131-145, 147, 148, 150, 152,
157,158, 161, 162, 164, 165, 172,
173,212, 214, 271, 361, 365, 375,
387, 388

ballast cleaning 206, 207, 246, 247,
375

ballast cleaning cost 375

ballast deterioration 213

ballast pockets 135,139, 162

ballast renewal 375

ballast renewal cost 375

ballast undercutting 145

baseplate 86

Beam on Elastic Foundation 65, 71, 79

beam theory 71

benchmarking 32, 212, 337, 359, 367,
368

bending moment 71, 72

bending stiffness 80, 86, 105

bending stresses 86, 119, 120, 150

BOEF method 73

BOEF model 73

bogie 40, 59-62, 69, 70, 92, 108, 109,
111, 129, 385

bolster 61

bowl 61

braking forces 119, 123

bridge 65, 77,78, 82, 83, 85, 87, 103,
388, 390

buckling 123, 153
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cant 130, 214

capability 274, 283, 393

capacity 179, 180, 219, 388

capacity management 183

car body 60-62, 69, 70, 85

car-body 59

catch drains 158

cause - consequence analysis 272, 273

centre plate 61

centrifugal forces 119

cess drains 158, 173

classical beam theory 71

coefficient of friction 96, 108, 111, 129

comfort 215,217

consequence 74,110, 116, 255, 259,
266, 269, 273

consequence analysis 268

constant k 79

contact force 41, 78, 82, 83, 89, 91, 93,
104, 108, 123, 194, 402

contact mechanics 107

contact pressure 92

contact profiles 50, 51
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contact stress 91, 123

contact surface 92, 127

continuous welded rails 361

continuously supported models 70, 71

contract 31, 32, 260, 301, 315, 325,
329, 330, 331-339, 341, 343, 347,
351, 396

contractor 230, 299, 301-303, 315,
319, 322, 323, 325, 330-332, 334,
336-339, 341, 345, 351, 352, 354,
395

corrective maintenance 230, 235, 265,
347, 373, 376

corrective maintenance 117,231, 233,
393

corrugation 46,47,97, 100, 115, 118,
123,128, 129, 150, 213, 214, 215
371, 400, 403

cost effective track 218

cost shapers 359

cost structure 307, 317

cost-effectiveness 260, 282, 283

cost-effectiveness analysis 282, 283

cost-plus (cost reimbursement) contract
331

crack 124,125,128, 129, 368

cracking 42, 85,111,119, 123, 129,
131

creep forces 108, 152, 153

critical success factors 2553, 259, 293,
343

crossing 41, 102, 103, 105, 106, 152,
153, 388

culvert 134, 138, 160, 161, 169, 170,
171,245,248

curvature 91, 92, 122, 130, 214, 271
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damper 61, 65, 66, 71, 75, 76

decision making 255, 257, 280, 287,
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defects 149, 150, 215, 403
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144, 176, 183, 185, 191, 233, 291, 308,
385, 389, 393, 396, 399, 400

depreciation 307, 308
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design life 239
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114-117, 121, 122, 131, 133, 135,
175, 182, 183, 186, 187, 191, 210,
211, 213, 218, 221, 234, 239, 240,
242, 244, 246, 291, 370, 371, 373,
387, 393, 399, 400, 402

deterioration process 115, 243

diamond 102, 103, 105, 106, 152, 153

Diolkos 5,6,21

discontinuities 40

discount rate 257, 284, 285, 286, 287,
306

discretely supported models 70, 74

distance grain 131, 132

downtime 261, 264, 266, 299, 301,
302, 304, 347, 376, 387

drainage 57, 58, 85, 115, 122, 134,
135, 137, 138, 144, 145, 152, 157,
158, 160-162, 164168, 172, 174,
361, 362, 388

drains. see drainage

driving forces 117

dynamic behaviour 65, 66, 70, 84, 92,
402

dynamic effects 73, 92

dynamic forces 39, 40, 43, 46, 47, 77,
85, 86, 95, 105, 115, 117, 118, 120,
122, 149, 150

dynamic interaction 92

dynamic loads 55, 57, 92, 95, 116, 129,
183

dynamic ride loads 40

dynamic system 65, 77

Dynamic Wheel / Rail forces 41

E

economic analysis 279

economic evaluation 279, 284, 289

economic life 238

economy 218

elastic behaviour 91

Electric Flash-butt Welds 154

embankment 76, 82, 83,103, 117,
137-140, 157, 158, 160-163,
167-169, 171, 388

environment 24,29, 37, 55,97, 116,
144,191, 217, 233, 235, 259, 262,
265, 268, 271, 306, 396, 399
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ERTMS 386, 389

Euler — Bernoulli beam 65, 71
excitation 85, 96, 97, 101, 149, 402
excitation frequencies 96
expansion joints 105, 248

external agent 319, 325
extraordinary event 249
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failure 104, 110, 121, 129, 134, 135,
136, 137, 144, 151, 153, 157, 161,
167-169, 189, 202, 209, 211, 212,
222, 232, 233, 256, 261-264, 267,
270-276, 291, 300, 301, 322, 333,
335, 347, 373, 385, 389, 396

Failure Block Diagram Analysis 272,
273

failure categories 266

Failure Mode and Effects Analysis 272

Failure Mode, Effects and Criticality
Analysis 272

failure prevention 222

fastener 54, 66, 271

fastener renewal 376

fastener renewal cost 376

fastening 53, 55, 56, 65, 66, 86, 92,
127, 131, 365

fastening system 66

fatigue 43, 82, 87, 100, 104, 111,
115, 120, 121, 123, 126, 127, 129,
151-153, 212, 400, 402

fatigue 119, 155, 400

fault development 189

fault size 189

Fault Tree Analysis 272, 300

faulty components 116, 191

field face 51, 90

field face 90

filling grain 131, 132

fine grain 135

fishplated joints 105

fixed-price contracts 330

flats 46, 89, 103, 104, 118, 119, 149,
150

FMEA 272

FMECA 272, 300, 301, 303

force limits 43

forces 39, 40-44, 46, 47, 50, 54, 55, 59,
69, 82, 83, 85, 86, 92, 95, 99, 100,
102, 105, 108, 109, 117-122, 124,
127, 130, 144, 149, 150, 153, 373
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formation 53, 58, 108, 129, 135,
138-141, 144, 145, 157, 158, 161,
162, 164, 269, 361, 401

friction 89, 95, 96, 107, 108, 110, 111,
129, 132, 141, 152, 271

friction management 129, 400

friction modifiers 89, 107, 108

frog 102, 103, 105, 106

FTA 272,300

functional analysis 299

functions of the track 49

G

gauge 90, 129, 214

gauge face 51,90, 122, 129, 130

geogrids 145

George Stephenson 15, 22

global track stiffness 82

grinding 89, 111, 112, 120, 122,
128-131, 206, 212, 213, 214, 246,
247,271, 281, 362, 372, 374, 388,
400, 401, 402

GSM-R 389

H

Hatfield 110, 353

hazard 260, 269, 270, 273, 394
hazard rate 261

hazard severity level 268
Hazardous Operability Analysis 272
HAZOP 272,273

head checks 128, 213

Hertz 91, 93

Hertzian Contact Theory 89, 90
Hertzian spring 93

hollow 115, 141-144, 271
horse drawn trains 11
horse-drawn railway 11, 12
hot mix asphalt underlay 145

I

immediate action limit 238, 240, 241

impact forces 39, 41-43, 46, 47, 86,
103, 104, 118, 120, 149

impact loads 89, 96, 97, 103

incentive contracts 331

inelastic behaviour 147

infrastructure management 182, 183,
218, 351, 352, 337, 359, 364
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infrastructure manager 24, 28-32,
130, 178, 181, 189, 197, 209, 210,
212,213,219, 227, 228, 234, 235,
238-243, 256, 259, 260, 262, 264,
267-270, 287, 299, 301, 302, 308,
319-323, 325, 331, 333, 334,
336-338, 343, 345, 349, 369,
371, 376, 395

infrastructure monitoring 210

inherent availability 265

inhomogenities 115, 140, 141

initial construction costs 300

initial quality 175, 176, 186, 187, 205,
209, 307, 359, 361

inputs 326

inspections 220, 341, 347, 369, 371

insulated joints 82

interaction 37, 63, 66, 69, 82, 83, 85,
92,107, 120, 122, 123, 152, 192,
399, 400, 401

intermediate life 116

intervention limit 196, 238, 239, 240

irregularities 37, 39, 40, 60, 61, 62, 83,
84, 89, 94, 95, 96-101, 103, 105, 115,
127, 140, 144, 149, 202

isolated defects 196

isolated irregularities. see irregularities

J

James Watt 13

K

Key Performance Indicators 364
L

lateral force limits 43

lateral loads 39

LCC analysis 244, 257, 260, 284, 291,
293,299

LCC calculation 281,284

LCC process 291,292

LCC tools 236

life cycle 87, 183,226,227, 257, 262,
267, 268, 275, 276, 279, 287, 288,
291, 292, 305, 306, 359, 360, 394

life cycle costing 279

lime-cement pillars 145

long wavelength 39, 89, 97, 98

long wavelength irregularities 37, 98, 101
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long waves 100

longitudinal forces 66, 121, 123

longitudinal loads 39

lubrication 89,95, 111, 122, 129, 130,
212, 214,248,271, 374, 375, 400, 401
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machine-based manufacturing 219

maintainability 183, 255, 257, 260,
261, 266, 394, 396, 404, 405

maintenance 3, 17, 29, 30-32, 84, 85,
92, 110-112, 117, 120, 125, 129, 131,
138, 152, 153, 157, 160, 161, 176,
180-199, 201, 205, 209, 210, 213-
224, 230-249, 255-257, 259-262,
264-266, 271, 274, 276, 280-283,
291, 293, 296, 297, 300-303, 307-
311, 299, 315, 319-326, 337-341,
345, 347, 349, 351-355, 337, 359,
361, 362, 365, 369-373, 376, 379,
381-390, 393-400, 404

maintenance actions 180, 201, 205, 210,
244,247,257, 260, 281, 291, 376

maintenance activities 244,271,315, 345

maintenance costs 240, 243, 338, 373

maintenance cycles 205, 240

maintenance plan 230, 243

maintenance planning 201, 230, 395

maintenance policy 239, 240, 241, 242

maintenance process 240, 242, 351,
352

maintenance strategy 30, 210, 219,
223, 231, 236, 237, 281, 301

maintenance strategy 210, 230, 395

maintenance types 223

manual-labour-based economy 219

mass 40, 42, 43, 46, 61, 653, 66, 68, 69,
71,73,74,75,77,78, 82, 85, 92,
102, 105, 118, 119, 127, 194, 201,
405

mass production 221

Mean Active Maintenance Time 261,
265

Mean Down Time 261, 265, 266

Mean Maintenance Hour 261

Mean Time Between Failure 261, 262,
265

Mean Time Between Maintenance 261,
265

Mean Time to Repair 261, 265

mechanical characteristics 65, 129
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mechatronics 107, 109

mitre drains 158

models of track 70

MODTRAIN project 387

modulus of elasticity 80, 91, 192, 193
moisture 57, 134, 135, 138, 140
monitoring system 209

moving load 71,73

mud pumping 136, 138, 139
multi-annual contracts 31

N

net present value 284, 292

noise 37, 87, 89, 97-99, 104, 108, 111,
120, 123, 128-130, 217, 370, 383

NPV 284-287,292
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offshoot drains 159

old age period 117

operational availability 265, 274, 283

operational characteristics 245

operational hindrances 307-309, 359

operational reliability 274, 283, 395

optimization 218, 244, 239, 255, 361

optimization process 239, 255

organizational strategic plan 224, 395

organizational structure 226

oscillation 37, 89, 97, 98, 103

oscillatory systems 92

outcomes 326, 338

out-of-round wheel 101

outputs 326

outsourcing 299, 315, 317, 319, 320,
355, 404

P

P1 Forces 41, 43

P2 forces 41-43

PAS 55 224,226,227, 229, 403

performance 29, 30, 32, 35, 66, 80, 87,
95, 129, 134, 153, 162, 172, 189,
199, 205, 209-214, 218, 224-231,
233, 235, 238-242, 251, 256, 262,
267, 277, 279, 288, 300-306, 315,
317,319, 321, 325, 329, 330, 331,
334, 337-341, 352, 353, 355, 359,
363-368, 373, 386, 389, 393, 394,
396-401, 403, 405
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performance based maintenance
contracting 337, 338

performance Indicators 359, 363-365,
399, 405

performance-based contract 335

physical life 239

piers 145

pinned — pinned frequency 73, 75 , 76

pin-pin vibration 65, 74

plain track 77, 85

Plan-Do-Check-Act 229

planning process 230, 395

plastic flow 123

pollution 141, 144

possession time. see track possession
time

PPIMS 211,212

predetermined intervals 233, 396

predictive maintenance 231, 234

prescribed criteria 233, 396

pressure distribution 52

preventive maintenance 117, 231, 233,
234,291, 347, 376, 396

pricing methods 329, 330, 332

primary suspension 59, 60, 61, 69, 70,
104, 108, 109

probability of occurrence 192, 193,
255, 259, 266

processes 37, 115, 116, 122, 209, 211,
212,214, 226, 272, 287, 300, 329,
335, 355, 364, 365, 368

Publicly Available Specification number
55 224

pumping problems 136

Q

quality 30, 32,176, 178, 179, 185, 188,
189, 259, 340, 359-361, 399, 402-404
quasi-static loads 40

R

rail 65, 105, 106

rail break 125

rail condition 122

rail corrugation. see corrugation
rail creep 123

rail damage mechanism 115, 124
rail defects 122, 123

rail deflection 79, see deflection
rail degradation. see degradation
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rail grinding. see grinding, see grinding

rail grinding cost 374

rail imperfections 46,47, 118

rail joints 53, 89, 103, 105

rail lubrication cost 374

rail pad 55, 66, 73,75, 76, 81, 86

rail pads 56, 66

rail renewal cost 375

rail running surface 39, 149

Rail Support Modulus 80

rail welds 154

railhead 100, 154

rails 2,7-11, 14, 40-43, 49, 52-60, 65,
74,75, 79, 83,92, 99, 100, 105, 107,
111, 119-125, 129, 130, 140, 147,
154, 197, 207, 212, 247, 361, 370-
372, 385, 401

railway system 65

RAM programme 260, 396

RAMS 183, 236, 244, 239, 255, 256,
257, 259, 260, 262, 270-273, 275,
281, 291-293, 297, 299, 396, 399,
400, 404, 405

RAMS activities 276

RAMS analysis 236, 255-257, 260,
272,277,291, 404

RAMS elements 262

RAMS process 276

RAMS requirements 271, 276, 299

Rayleigh — Timoshenko beam 65, 71

RCF 107, 121, 126, 127, 129, 130, 154,
212,213

reliability 183, 223, 255, 256, 260-264,
273, 280, 294, 299, 302, 303, 386,
396, 403-405

renewal 32,117, 151, 180-183, 185,
206, 207, 214, 219, 226, 230, 231,
240, 242, 243, 246, 247, 271, 291,
349, 351, 337, 361, 365, 369, 371,
373, 375, 376, 388, 396

resonance 59, 74-76, 92, 97, 100, 400

resource management 183

Richard Trevithick 13, 14, 220

riding quality 120, 311

rigid beams 68

risk 21,59, 123, 129, 153, 189, 212,
213, 214, 224, 225, 226, 227, 238,
255, 257, 259, 260, 266, 267, 269,
270, 273, 284, 292, 300, 301, 320,
330, 332-334, 338, 343, 389, 390,
396

risk analysis 255, 267, 282, 343
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risk assessment 343

risk evaluation 269

risk management 224, 226, 343

rolling contact fatigue 121, 126, 128,
401

run to failure 222

Run to Failure Maintenance 231, 232

running behaviour 61, 107

running surface. see rail running surface

S

S&C. see switches and crossings

safety 112, 183, 188, 189, 202, 217,
249, 255, 257, 260, 261, 266, 269,
301, 396, 401, 402, 405

safety analysis 262, 301

secondary suspension 61

segmentation. see track segmentation

service contract 347

service life 131, 185, 201, 205-207,
237-240, 242, 260, 307-309, 359,
361, 362, 371

settlement 42, 82, 83, 85-87, 98, 100,
103, 115, 122, 133, 135, 138-141,
147, 150, 161

shear failure 134, 138, 139

shelf life 239

short piling 145

short wavelength 39, 89, 97, 99

short waves 100

side frame 61

skeletal grain 131, 132

sleeper renewal 376

sleeper renewal cost 376

sleeper resonances 100, 129

sleeper spacing 102

sleepers 10, 40, 42, 43, 49, 52, 55-57,
65, 66, 68, 70, 72-76, 79, 82, 84-86,
95,100, 102, 105, 115, 119, 120,
122,123,131, 139, 141, 142, 147,
148, 151, 192, 215, 245, 247, 248,
370, 371, 372, 400, 402, 405

soft pads 129

soft substructure 152

soft track 115, 135-137, 160-162, 172

speed restrictions 32, 153, 182, 189,
195, 217, 242, 309, 376

spoon drains 159

spring 57, 61, 65, 66, 71,75, 76, 79,
80, 89, 93, 140, 397

squats 127,213
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stakeholders 24,27, 28, 32, 227, 255,
334

standard deviation 187, 193, 195, 196,
197,215

static loads 40

static wheel load 41, 43, 44, 193, 202

stiffness 53, 56, 59, 65, 66, 68, 69, 71,
72,74,71,79, 80-89, 92, 93, 101,
102, 103, 105, 106, 108, 117, 134,
144,149, 167, 192, 193, 194, 271,
385, 397, 401, 403, 405

stiffness ratio 77, 85

strategic objectives 226

stress free temperature 153, 154

structures 87, 151, 370

sub-ballast 53, 58, 65, 68, 70, 74, 122,
132, 136, 144, 147

sub-ballast 49, 57, 139

subgrade 42,49, 51, 53, 57, 58, 65, 69,
70, 74,76, 79, 83-85, 92, 103, 115,
119, 120, 122, 132, 134-141, 144,
145, 147, 148, 157, 158, 161, 162,
164, 245, 271, 301, 361, 403

substance 179

substitution 117

substructure 53, 69, 82-84, 103, 115-
117, 144, 151, 214, 217, 361, 403

subsurface drainage. see drainage

superelevation 40, 41, 51, 122

superstructure 52, 56, 69, 83, 84, 103,
195, 247, 307, 359, 360, 361

surface drainage. see drainage

surface irregularities 41, 43, 134

suspension 40, 46, 59, 61, 62, 69, 70,
85,107, 109, 118, 119

switch 9, 102, 103, 105, 151, 153, 213,
214, 359, 372, 388

switches and crossings 151, 213, 248,
370

system 13,17, 32, 37, 51-53, 55-59,
65, 66, 69-71, 75-78, 89, 92-97, 100,
107, 109, 121, 123, 127, 135, 162,
179, 181, 207, 211, 213, 224-229,
231, 232, 234, 238, 244, 247, 255-
257, 259-265, 267-277, 281, 296,
300, 301, 315, 338, 343, 353, 337,
359, 361, 369-373, 379, 383-386,
388-390, 393, 395, 396, 397, 400,
401, 403

system effectiveness 282

system life cycle 275,276

system-effectiveness 273, 274, 282

413

T

tamping 120, 141, 144, 145, 147, 153,
197, 206, 214, 246, 271, 372, 374,
388

tangential forces 43,111, 123, 129

technological life 239

tension clamp 67, 68

thermite welds 154

top drains 159

track 45-47, 52, 65, 69, 70, 76, 79, 80-
87,94, 95,98, 101, 103, 115-121,
136, 137, 147, 150-157, 165-167,
175, 176, 179, 186, 187, 195, 196,
203, 209, 213, 214, 219, 236, 238,
242-245, 248, 271, 291, 301, 338,
365, 373, 387, 389, 397-405

track bed 81, 87

track behaviour 35, 65, 120, 185, 188,
205, 209, 245

track characteristics 46

track components 49, 52, 53, 65, 71,
73, 83-86, 104, 116, 119, 131, 134,
186, 255, 271, 308, 362, 372

track condition 32,87, 117, 194, 201,
209, 210, 211, 214, 293, 371

track construction 245, 307

track degradation 46, 83, 114

track devices 248

track downtime cost 376

track elasticity 70

track fault 95, 189

track forces 46, 59, 61, 402

track gauge 248

track geometry 214, 238, 248, 403

track geometry irregularities 39, 131

track inspection 374

track inspection cost 374

track maintenance 29, 57, 84, 120, 201,
242,244, 245, 256, 291, 293, 294,
296, 307-310, 321, 322, 326, 337,
338, 341, 345, 381, 383

track model 72, 75, 76

track modulus 72, 79, 80, 86, 401

track performance. see performance

track possession time 291, 376

track quality 35,95, 175, 176, 179,
185-187, 191, 192, 195, 205, 236,
242, 260, 326, 361, 366, 385

track quality behaviour 185, 191

track quality indices 244

track segment 245
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track segmentation 201, 245, 246

track squeeze 134, 136

track structure 39, 40, 53, 58, 76, 79,
97,101,117, 136, 157, 161, 162, 202

track tamping cost 374

track vibration 73, 75, 400

track vibrations 97, 99

transition mechanics 85

transition points 85

transition zone 77, 83-86

trial and error 201

tribology 89, 95, 106, 107

twist 195, 196, 214

U

under sleeper pads 86
unsprung mass 61

unsprung masses 42, 43, 61, 405
unstable ground 144, 145, 151
unsupported sleeper 82
upgrading 231, 341

useful life 239

\%

values 81, 261, 288, 327

vehicle 40, 46, 69, 70, 77, 92, 108, 118,
150, 213, 215, 271, 387, 400, 401, 402

vehicle characteristics 46, 121, 291

vertical deflection. see deflection,
see deflection

vertical force limits 43

vertical loads 39

vertical track stiffness 84

vibration 55, 66, 73-76, 86, 87, 97, 98,
99, 120, 139, 217

vibrational forces 119

vibrations 37, 56, 59, 60, 69, 86, 89, 97,
98, 102, 104, 120, 123, 144, 373, 400

voids 85,115, 141, 147, 213
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W

wagonway 5,9

water 13,57, 84,116, 124, 135-137,
139, 140, 144, 145, 157-162,
164-174, 191, 220, 353, 361, 405

water penetration 145

wavelength 100, 195, 196

wear 11,40, 61, 82, 89, 95, 96,
106-109, 111, 115,116, 119,
120-122, 128-130, 147, 149,
151-153, 191, 194, 213, 214,
221, 239, 271, 301, 362, 365,
385, 400, 401, 403

weld quality 152-154

wheel 41, 44, 50-52, 62, 89, 93, 99,
104, 106, 107, 118, 149, 150, 155,
215, 400, 401, 402

wheel flat 103, 104

wheel irregularities 95

wheel load 41, 72, 202

wheel out-of-roundness 89, 94, 95,
101

wheel profile 46, 49, 105, 107, 108,
112, 118, 130, 385

wheel set 42,43, 44, 61

wheel tread 39, 41, 89, 103, 105

wheel unloading 44

wheel/rail 40-42, 49, 69, -83, 89, 96,
111,120, 122, 127, 144, 152

wheel-rail contact 51, 90, 106, 107,
111,121, 123, 124

wheel-rail interface 107, 110, 400

whole life 239

whole life cost 305

Winkler 71,81, 192

Y

Young’s modulus of elasticity 72
youth period 116, 189



