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Alfred Zampa Memorial Bridge  116
Ambient vibration test  77, 112, 115, 158
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Band‐pass filter (BPF) or band‐stop filter 

(BSF)  4, 6, 137, 141, 145, 148, 182, 
186, 223

Baseline  91, 235
Bayesian theory  15
Bridge  16

cable‐stayed  26
continuous  12
damping  8, 10, 48, 78, 242
mode shape  11, 155
mode shape squared  14
simply supported  3
suspension  26

Bridge or beam frequency  28, 29, 54, 
56, 64, 94, 96, 100, 124, 126, 128, 
179–180, 182, 184, 198–199,  
206, 220

first mode  2, 25, 41
multi modes  5

c
Cable tension loss  9
Cable‐stayed bridge  9
Cauchy principal value  176
Central difference method  201
Component response  4, 179, 181–182, 

186, 196, 208

Contact or interaction force  27, 53, 54, 93, 
118, 124, 128, 178, 198, 219, 237

Contact point  16
response  7, 23, 195, 199, 201, 203–204, 

208–209, 219–220, 227
Continuous wavelet transform (CWT)  9
Convolution  176
Crack  225
Cutoff frequency  142

d
Damage detection  2, 7, 9, 10, 13, 14, 16, 

18, 19, 23, 26, 71, 155, 196, 217, 219
indicator  12
location  4, 7, 225
multi  228
parameter  224
pseudo‐static  18
severity  4, 7, 225

Damage element  223
Da‐Wu‐Lun Bridge  73
Denoising  143
Direct method  2, 25, 72, 153, 176, 195, 217
Doppler effect  65, 69
Driving component  7, 220–221
Driving frequency  3, 14, 29, 56, 64, 69, 95, 

100, 126, 180, 184, 199
Duhamel’s integral  29, 63, 125
Dynamic signature  91

e
Eigenvalue analysis  77
Element stiffness index (ESI)  8
Elementary matrix  142
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Embedding  142, 144
Empirical mode decomposition (EMD)  5, 

7, 14, 23, 92, 97, 155, 182, 196
Equivalent stiffness equation  40

effective load  40
effective stiffness  40

Exciter  3, 71, 92

f
Field test  5, 15, 20, 162, 201, 220
Filtering  4, 8, 15, 137, 145, 196
Finite element (analysis)  39, 66, 86, 138, 

145, 204, 223, 237
assembly procedure  241
damping matrix  39, 97, 118, 205, 224, 

238, 241
mass matrix  39, 97, 118, 205, 224, 

238, 241
stiffness matrix  39, 97, 118, 205, 224, 

238, 241
Flexural‐torsional vibration  7
Fourier transform  5, 68

fast (FFT)  4, 71, 141, 145, 182, 186,  
208, 214

short‐time  13, 17, 196
Free vibration test  159
Frequency response function (FRF) or 

transfer function  11, 195, 201–202
Frequency shift  22
Frequency variation  6

g
Generalized displacement  129
Genetic algorithm (GA)  11, 12
Global filtering method (GFM)  18
Global navigation satellite system (GNSS)  22
Global positioning system (GPS)  20
Golden Gate Bridge  115
Ground dynamic test  160
Grouped decomposition  143
Grouping  142–143, 145

h
Hand‐drawn cart  6, 20, 153, 156, 196
Hankel matrix  7, 142–143
Hermitian interpolation function  39, 118, 

224, 238, 239

Hilbert transform or Hilbert‐Huang 
transform (HHT)  2, 4, 7, 9, 15,  
21, 98, 176, 180, 182, 186, 196, 217, 
219, 221

Hinge‐spring unit  7, 9, 219, 223
Humber Bridge  116

i
Indirect method  1, 2, 25, 72, 92, 137, 153, 

176, 196, 218
Inflatable wheel  157
Influence line (IL)  19
Instantaneous amplitude  2, 4, 177, 

181–182, 184, 196, 208, 217, 221
squared (IAS)  7, 219, 225–227

Instantaneous curvature (IC)  15, 16
Instantaneous frequency  6
Instantaneous phase  4, 177, 181, 221
Intrinsic mode function (IMF)  5, 14, 92, 

98, 101
ISO 8608, 6

j
Jie‐Shou Bridge  165

l
Laboratory scale test  11, 16, 17
Lagged vector  142
Laser displacement sensor  18
Left singular vector  143
Linking action  197
Local zero mean  98

m
Machine learning  18
Maneuverability  135
Message receiver  3, 26, 71
Mobility  218
Modal assurance criterion (MAC)  185, 

187–188, 190, 213–214
Modal identification  2, 23
Modal or generalized coordinate  54, 124, 

129, 220
Modal properties  195, 197

damping ratio  2
frequency  1
mode shape  2
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Modal strain energy  11
Modal superposition method  51, 53, 93, 

124, 128, 178, 198, 219
Mode shape construction  4, 175, 182,  

186, 208
Model updating  1
Mono component  177
Monotonic function  99
Moving average filter  10
Moving load  52
Moving load identification  13
Moving mass  52
Moving speed  46, 50, 79, 83–85, 88, 165, 

187, 209, 229

n
Narrow band  177, 180, 222
Newmark’s β method  40, 87, 97, 118, 138, 

205, 224, 245
Noise  142, 229
Nonvehicle frequency  143, 146

o
Observability matrix  7
One system per bridge  2, 196
Ongoing traffic or random traffic   

5, 7, 26, 72, 85, 105, 114, 122, 170,  
172, 188, 214, 230, 232

Operating deflection curve (ODS)  18
Orthogonal projection theorem  6
Orthogonality condition  54
Oscillatory component  142–143

p
Pass group  145, 147
Passband  142
Ping‐Pu Bridge  163
Plate  10
Point model  6, 23
Polyurethane (PU) wheel  157
Power spectral density (PSD)  6, 8, 14, 23

cross  16, 116, 190, 212, 230
Principal component analysis (PCA)  18

q
Qualitative guideline  6
Quincy Bayview Bridge  115

r
Radar sensor technique  21
Railway track  15
Rayleigh damping  239
Residual spectrum  6
Residue  98, 101
Resonance  34, 46, 50, 65, 202
Riding comfort  52
Right singular vector  143
Road roughness  5, 6, 8, 22, 23, 116–118, 

126, 127, 138, 155, 165, 177, 190, 212, 
230, 232

Roll‐off frequency  142
Rotational stiffness  224
Rubber wheel  157

s
Scour  13, 15
Sea‐like data  2, 196, 218
Seismometer  26
Self‐tapping device  17
Shi‐Lin Bridge  170
Short‐time frequency domain 

decomposition (FDD)  11, 14
Sifting  5, 92, 98
Signal processing  18
Single degree of freedom (SDOF) 

system  3, 5, 8, 9, 17, 20, 22, 27, 39, 75, 
138, 156, 197–198, 219, 230

Single‐axle vehicle (cart)  4, 5
Single‐mode analytical solution  28
Singular spectrum analysis (SSA)  6, 137
Singular spectrum analysis with band‐pass 

filter (SSA‐BPF)  6, 137, 144
Singular value decomposition (SVD)  7, 

142–143, 145, 182
Skew diagonal averaging  142–143, 146
Slope discontinuity  7, 223
Smoothing  143
Spatial information  176
Speed parameter  29, 55, 94, 125, 129, 179, 

184, 220
Sprung mass  3, 27, 52, 72, 96, 122
State space  6
State‐of‐the‐art review  1
Stiffness loss  8, 10, 14–16, 26, 71, 153, 

195, 217
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Stochastic subspace identification (SSI)   
6, 7, 163

Stop group  145
Structural control  1
Structural health monitoring (SHM)  9, 12, 19
Suspended footbridge  7

t
Tennessee River Bridge  116
Test vehicle  13, 15

Caltrans water truck  20
damping  7, 242
inspection train car  21
multi‐axle  11, 19
ordinary patrol car  20
public bus  20
single‐axle  27, 71, 73, 86, 197, 219
speed  165, 187, 209
three‐axle  20
tractor‐trailer  19, 20, 22, 73, 219, 231
two‐axle  17, 19, 21, 197
virtual  7
weight  163

Tire  6, 153, 156
Tractor  5
Traffic speed deflectometer (TSD)  12
Trailer  5
Trajectory matrix  142–143
Transmissibility  12, 157
Trend  142
Two connected vehicles  6, 16, 127, 196

v
Vehicle frequency  6, 28, 55, 94, 96, 

100, 124, 126, 143, 150, 179,  
198–199, 210

Vehicle intelligent monitoring system 
(VIMS)  20

Vehicle scanning method (VSM)   
3, 17, 22, 25, 92, 137, 154, 176,  
196, 218

Vehicle spacing  133
Vehicle‐bridge interaction (VBI)  5, 12,  

16, 25, 27, 52, 138, 197
element  39, 40, 97, 117, 204, 224, 

237, 240
Velocity transducer  75
Vibration shaker  26
Virtual sensor  7

w
Wavelet transform  9, 14–16, 20

continuous Morlet  18, 19
Wavenumber‐based technique  196
Weight‐in‐motion  15, 21
White noise  161
Window function  141

y
Yeondae Bridge  21

Z
Zero crossing  98
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