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central piers

continuous deck
with fixed point at one 211
with several fixed points at 221, 222

for fixed point, in Spanish HS railway
220

centrifugal forces 122, 132, 134–135
characteristic equation, dynamic analysis

174–177
China bridges

Beipanjiang Bridge 18–20, 324, 325
description of 317
high-speed railway bridges 10, 11
Hutong Yangtze River Bridge 21–22
isostatic deck 17
isostatic multi span bridge 10, 11
isostatic solutions 13
Nanjing Dashengguan Yangtze River

Bridge 320, 321
Tianxingzhou Yangtze River Bridge

318, 319
Tongling Yangtze River Bridge 322,

323
Wufengshan Yangtze River Bridge 88,

328, 329
Yachihe Bridge 326, 327

Colne Valley Viaduct, England 12, 15
columns, track-structure interaction 190
Complete Quadratic Combination (CQC)

155
composite bridges, with double ‘I’ steel

beam 80, 81
concentrated mass matrix 171–172
conceptual design

arch bridges
tied 85, 86
upper deck bridges 83–85

cable-supported bridges
cable-stayed bridges 86–88
extradosed bridges 85–86

hybrid bridges 89
suspension bridges 88

deck pre-dimensioning 109–111
design situation 66–67

high-level viaducts 71–72
long span structures 72
long viaducts 67–71
low profile 68–71
short crossing at low level 67

fixed point, of bridge 108
information analysis 107–108
infrastructure pre-design

abutments 112, 113
fixed point and bearings 112
piers 113–114

longitudinal design strategies
ballasted track 65–66
ballastless track 66
fixed points, design of 66
short and long viaduct 64
simply supported decks 64
ultra-long and continuous viaducts

64, 65
methodology 107
overview of 61
plan and elevation 106
preliminary geotechnical data 107
railway platform 106
seismic design (see seismic design)
span distribution 109
straight deck solutions 72

concrete box hollow sections 78–80
continuous slab concrete decks

73–75
precast beam decks 74–77
simply supported solutions 72–73
steel beam decks 80–81
steel semi-through decks 81–82

structural and functional requirements
braking and traction forces 62–63
expansion joints 62, 63
longitudinal fixation 62
track to bridge deck interaction 63
vertical accelerations control 62
vertical stiffness 62



Index 333

structural elements
abutments 90–95
bearings 95–99
piers 95–97

topography 106
truss bridges 82, 83
water flood level 107
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continuous welded rail (CWR) 35–36,
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creep and shrinkage 192–193
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damping devices plus bearings 104–105
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design regulations, for bridges (contd.)
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permanent loads
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155–158

matrix formulation, for finite
element analysis 153–155
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168–169
for real trains 145–147
single degree-of-freedom system
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168–169
ERRI committees 55
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aesthetics in 22
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interoperability of 167

exceptional geometries, track-structure
interaction 226–228

expansion joints
drain trough 247
example of 244, 246
neoprene expansion joint 244, 246
rotation at 62
steel plates joint

in fixed abutment 243, 244
in movable abutment 244, 245

track 63
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fasteners 33, 39–40
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Pfieffetal Bridge 18, 268, 269
semi-integral bridges 13
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273
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Hämerten Bridge 276, 277
heavy load models 120
high-level viaducts 71–72
High Speed Load Model (HSLM-A) 50,

148, 167
geometry of 148, 149
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maximum displacement 150, 151
parameters of 148, 149

hollow pier, with variable dimensions
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HSLM-A see High Speed Load Model
(HSLM-A)

HSLM-B trains 167–168
Hutong Yangtze River Bridge, China

21–22
hybrid bridges 89
hydraulic dampers, deck and abutment

100
hydraulic viscodamper 104, 105

i
immediate action limit (IAL) 47
International Union of Railways

publication UIC 776-1 145
interoperability 167–168
intervention limit (IL) 47
inverted frame system 69–70
isolated load 158–162
isostatic bridges 17
isostatic multi span bridge, China
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j
Japan bridges

description of 309
Kumagawa Bridge 312, 313

Sannai-Maruyama Bridge 314, 315
Yashiro Bridge 310, 311
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Kumagawa Bridge 312, 313

l
La Grenette Viaduct 8
landscape

bridges in 15–22
traveller’s 13–15

Lisbon, Tagus River Crossing in 22, 87,
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Llinars Del Vallès Viaduct 294, 295
longitudinal displacement, of deck

54–55
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defined 47
limit values for 47, 48
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203
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211
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abutments 203–211
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216–218
fixed points at two abutments and
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212–216

simply supported spans 211–213
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m
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decks 240
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designers work 239
drainage 246–247
expansion joints 243–246
optimal structures 239
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Maria Pia Bridge, Portuguese 23–24
mean wind speed 132
Millipede bridges 69
modal superposition method 153

eigenforms, formulation based on
155–158

matrix formulation, for finite element
analysis 153–155

monobloc sleepers 37, 38
monotonous bridge 69
Mornas Viaduct 286, 287
movable scaffolding systems (MSS) 79,

80
multicomponent action, characteristic

values of 127–128
multiple degrees of freedom (MDOF)

153

n
Nanjing Dashengguan Yangtze River

Bridge 320, 321
Nantenbach Bridge 21, 270, 271
Nationally Determined Parameters (NDP)

189
neoprene expansion joint 244, 246
nosing forces 123
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Osera Bridge 292, 293
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passenger comfort 3, 55–57
peak wind speed 132
pendulum devices 103, 104
permanent loads 130

dead loads 118–119
partial ballast removal 119, 120
self-weight 118

persistent situations 117
Pfieffetal Bridge 7, 18, 268, 269
pier heads

maximum axial reaction in 136
reactions in 135

piers 95–97
access on 240–241

elastic re-centring element 105
foundations of 113–114
transversal damping system in 102
transversal stoppers at 102

Portuguese, Maria Pia Bridge 23–24
pot-bearing behaviour model 223, 224
precast beam decks 74–77
pre-fabricated solution 76
Prud’homme formula 45

r
rail expansion joints (REJs)

bridge needed 204–206
bridge not needed 206–211
deck divided into continuous stretches

216–218
design of

asymmetric switch rail profile 197,
198

crossbar control lever mechanism
199

functional principle of 197
gaps 199, 200
maximum displacement 197
picture of 198
uplift forces 200

installation 201–204
rail stresses with 215, 216
regulation 201, 202

rails
track component 33–34

‘fish belly’ 40
grooved 40, 42
Vignoles type 40, 41

track-structure interaction 189
rail stresses

braking load 210
computed for bridge 207, 213
envelope of 211, 228
for left viaduct 218
with REJ 215, 216
for right viaduct 218
seasonal variation of temperature 214
vertical traffic load 210

rail traffic security 3
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Real Trains 50
REJs see rail expansion joints (REJs)
Riudellots Viaduct, Spain 67

s
Salto Del Carnero Railway Bridge 296,

297
Sannai-Maruyama Bridge 314, 315
Sar Viaduct, Spain 4, 5
Savoureuse Viaduct 9, 17, 288, 289
SDOF system 150, 152, 154 see also

single degree-of-freedom (SDOF)
system

seismic design
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continuous decks 100–101
simply supported spans 100

seismic behaviour and deck articulation
99–100

strategies 99
track-structure interaction 218–220

continuous deck 220–223
discontinuous deck 223–226

transversal behaviour
damping devices plus bearings

104–105
fixed transversal support 101–102
relative vertical rotation axis 101
transversal damping systems

102–104
seismic situations 118
Serviceability Limit State (SLS) 117

for bridge 31
deck

longitudinal displacement of
54–55

transverse deformation and vibration
of 53–54

twist 51
vertical acceleration of 48–50
vertical deformation of 51–53

levels of comfort 55–57
track geometry quality 46–48
track-vehicle dynamic interaction

44–46

Shock Transmitter Units (STUs) 222,
225

short-span bridges 22
simply supported deck 72–73, 96–98

bearings for 224, 226
longitudinal behaviour, seismic design

100
without longitudinal continuity

211–213
single degree-of-freedom (SDOF) system
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load 258

auxiliary expressions 259–261
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Dynamic Load Factor 249–257
resonance 257–258
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sleepers 32–33, 37–39
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Almonte Bridge 20, 304, 305
AP-7 Viaduct Almeria 82
Contreras Bridge 300, 301
description of 291
first-generation 8–9
Llinars Del Vallès Viaduct

294, 295
Osera Bridge 292, 293
recent bridges 10
Riudellots Viaduct 67
Salto Del Carnero Railway Bridge 296,

297
Ulla Bridge 21, 24
Viaduct Over AP7 Riudellots de la Selva

298, 299
Viaduct Over River Ulla 302, 303

Spanish HS railway, central pier for fixed
point in 220

Square Root of the Sum of the Squares
(SRSS) 154, 161

steel beam decks 80–81
steel damping bearings 103, 104
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steel plates joint
in fixed abutment 243, 244
in movable abutment 244, 245

steel semi-through decks 81–82
steel sleepers 37, 38
steel truss bridges 82, 83
stiffness matrix 170
STUs see Shock Transmitter Units (STUs)
suspension bridges 88
switches/crossings 34–35
symmetric vibration modes 169–171

t
Tagus River Crossing, in Lisbon 22, 87,

88
temperature variations 191
thermal actions 123
Tianxingzhou Yangtze River Bridge 318,

319
tied arch bridges 85, 86
timber sleeper 37
Tongling Yangtze River Bridge 322, 323
track, for high-speed bridges

ballasted 65–66
ballastless 43–45, 66
components

ballast 32, 36–37
fasteners 33, 39–40
rails 33–34, 40–41
sleepers 32–33, 37–39
switches and crossings 34–35

continuous welded rail 35–36
conventional track superstructure 31
dead loads, road vs. railway bridges

29, 30
description of 29
expansion joints 63
operational conditions 31
optimised ballasted track 41–43
SLS (see Serviceability Limit State

(SLS))
track-infrastructure interaction 36
traffic loads, road vs. railway bridges

29–31
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track geometry quality 46–48
track-infrastructure interaction 36
track joints 187, 188, 191, 196
track-structure interaction 4, 123
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bearings 189–190
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foundations 190–191
horizontal levels 188
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creep and shrinkage 192–193
description of 185
exceptional geometries 226–228
load combinations for 194
longitudinal schemes 203

continuous deck with fixed point,
one central piers 211

continuous deck with single fixed
point, one abutments 203–211

deck divided into continuous
stretches 216–218

fixed points at two abutments
212–216

simply supported spans 211–212
problem statement

ballasted track 186, 187
continuous welded rail 185, 186
relative displacements 187
relative movements 186
structural configuration 187–188
vertical traffic loads 187–188

rail expansion joints 197–203
seismic design 218–220

continuous deck 220–223
discontinuous deck 223–226

step-by-step computations 193–194,
209, 210

temperature variations 191
traction and braking forces 191–192
verifications

horizontal displacement 195–196,
231–234
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track-structure interaction (contd.)
stresses 194–195, 229–234
track joints 196
vertical displacement 196, 234–235

vertical loads 192
track-vehicle dynamic interaction 44–46
traction and braking forces 121–122

horizontal forces 131–132
track-structure interaction 191–192,

195
traffic loads

application of 126–128
for fatigue 128

train load 162–164
transitional situations 118
transversal behaviour, seismic design

damping devices plus bearings
104–105

fixed transversal support 101–102
relative vertical rotation axis 101
transversal damping systems

102–104
transversal wind bearings reactions 136
transverse deformation and vibration, of

deck 53–54
transverse load imbalances, between rails

121
traveller’s landscape 13–15
truss bridges 82, 83
21st century, structural engineering of

24
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U cross sections 67–69
UIC leaflet 774-3 54
UIC leaflet 776-3 52, 53, 200
Ulla Bridge, Spain 21, 24

tubular-framed 89
Ultimate Limit State (ULS) 31, 117
Universal dynamic train A 167
Universal dynamic train B 167–168

Unstruttal Bridge 9, 10, 18, 19, 272, 273
upper deck arch bridges 83–85
USA high-speed rail bridges 12
U-shaped beams 75
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Veitshöchheim Bridge 7, 266, 267
verifications, of track-structure

interaction
horizontal displacement 195–196,

231–234
stresses 194–195, 229–234
track joints 196
vertical displacement 196, 234–235

vertical acceleration
control of 62
of deck 48–50

vertical deformation, of deck 51–53
vertical loads 133–134

dynamic factor 131
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live loads 119–121, 130–131
permanent loads 130
POT bearings 136
track-structure interaction 192

vertical track stiffness 46
vertical traffic loads 186–187
Viaduct Over AP7 Riudellots de la Selva

298, 299
Viaduct Over River Ulla 302, 303
vibration modes 161, 162
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w
wind speed 132–134
Wufengshan Yangtze River Bridge 88,
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Yachihe Bridge 326, 327
Yashiro Bridge 310, 311


















