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Abstract. The dynamic behaviors of the bridge structures have great effects on the comfortability and safety of running high-speed trains,
which can also reflect the structural degradation. This paper aims to reveal the characteristics of the dynamic behaviors induced by train
loadings for a combined highway and railway bridge. Monitoring-based analysis of the acceleration and dynamic displacement of the
bridge girder is carried out. The effects of train loadings on the vertical acceleration of the bridge girder are analyzed; the spatial variability of
the train-induced lateral girder displacement is studied; and statistical analysis has been performed for the daily extreme values of the train-
induced girder deflections. It is revealed that there are great time and spatial variabilities for the acceleration induced by train loadings for the
combined highway and railway cable-stayed bridge. The daily extreme values of the train-induced girder deflections can be well fitted by
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the general extreme value distribution.
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1. Introduction

Normally, train loads are the most important live load
for long-span combined highway and railway bridges.
Although the self-weight of the bridge structure are
dominant for long span bridge, the train load may cause
great dynamic impacts on the bridge girder because of the
heavy load and high speed, which will induce dynamic
behavior of the longitudinal girder and other members of
the bridge structures during service life. The train-induced
dynamic behaviors involve the periodical deformation and
stress cycles which may result in fatigue failure of the
structural components and endanger the fatigue life of the
bridge. Additionally, the train load-induced impact will
cause vibration of the longitudinal girder which has
significant effects on the smoothly and safely running of
high-speed train (Camara et al. 2014). Moreover, the
degradation of bridge structural performance during service
commonly exists due to environmental and loading actions
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(Yang et al. 2016), and the dynamic behavior of the bridge
structures can also reflect the changes of the structural
features, which may be applied to identify the damage of
the bridge structures. Therefore, it is necessary to carried
out the analysis of the characteristics of train-induced
dynamic behavior for combined highway and railway
bridges.

The live load-induced dynamic behaviors of the
longitudinal bridge girder include the dynamic deflections,
strains, velocities, accelerations, etc. Currently, the research
on the dynamic behavior of the bridge structures has been
carried out by a lot of researchers to analysis the structural
dynamic characteristics, detect and located structural
damage, evaluate the serviceability and safety of the bridge
structures and so on (Ding et al. 2016, Huynh et al. 2016,
Chang and Kim 2016, Tirker and Bayraktar 2014). Cantero
et al. (2017) carried out experimental research on the
evolution of bridge modal properties during the passage of a
vehicle. They found that the presence of additional
frequencies, significant shifts in frequencies and changes in
the modes of vibration. Wickramasinghe et al. (2016)
developed a vibration based damage index to detect and
locate damage in suspension bridges. Nagayama et al.
(2017) proposed a bridge frequency estimation method
based on the vehicle-induced vibration. Gia and Goicolea
(2017) performed a research on the dynamic vibration of
skew bridges due to railway traffic using analytical and
simplified models. Cantero et al. (2016) studied the effects
of vehicle's speed and axle configuration on the responses
exited by traversing trains. Moughty and Casas (2017)
examined a number of vibration parameters as damage
indicator to detect the progressively damage of bridge under
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Fig. 1 Sensors placement of the bridge over Yangtze River

ambient excitation. Hong and Park (2015) conducted
laboratory experiments on the effects of vehicle-induced
vibrations to determine the attainable concrete strength for
bridge widening. Podworna (2014) studied the random
dynamic behavior of bridges loaded by high-speed train and
the effects of vertical track irregularities had been analyzed.
Bayraktar et al. (2017) carried out dynamic field tests of a
long-span cable-stayed bridge and the accelerations of deck,
pylons and cables are measured to assess the degradation of
the bridge. Plachy et al. (2017) also conducted similar
dynamic tests to assess an old steel railway bridge by
measuring the vertical and horizontal accelerations.

The structural health monitoring (SHM) systems have
been applied in many long-span railway bridge projects,
which can record the long-term data of structural behavior
and reflect the real structural performance during service
life. Monitoring-based research on the static and dynamic
behavior has attracted great attentions of more and more
researchers, which involves the research field of load
identification, structural damage detection, performance
evaluation, etc (Yi et al. 2012a, b, McCullagh et al. 2014,
Fenerci et al. 2017, Ye et al. 2018, Ye et al. 2013). In this
paper, the long term monitoring data of a combined
highway and railway cable-stayed bridge have been
analyzed to study the train-induced dynamic behavior. The
paper has been organized as follows: (1) the combined
highway and railway cable-stayed bridge and the SHM
system equipped were introduced; (2) the train-induced
vertical acceleration of the bridge girder has been studied;
(3) the lateral dynamic displacement of the bridge girder is
analyzed; and (4) the spatial and time variability of train-
induced vertical dynamic displacement of bridge girder
were studied and the statistical analysis has been carried out
for the daily extreme values for the dynamic displacement.

2. Description of bridge and SHM system

The long-term monitoring data of acceleration and
dynamic displacement of a bridge over Yangtze River in
China were analyzed, which is a long span cable-stayed
bridge with three spans and dual towers. The bridge has a
symmetric span configuration of 81.0 + 243.0 + 567.0 +

243.0 + 81.0 m, the mid span of which is 567.0 m and main
side span 243.0 m (Fig. 1). The longitudinal girder is fixed
with tower and pier at the tower position, and the tensile
bearings are used at the side spans to avoid separation
between the girder and pier during service. The bridge is a
combined highway and railway cable-stayed bridge with the
longest span in the world, which makes it slenderer and
more flexible than the common simple-supported railway
bridges. Moreover, the bridge is subjected high-speed and
heavy train load, which may induce great impact on the
bridge structure. The enduring live loads and environmental
action will cause the degradation of structural performance,
which will endanger the structural safety and serviceability.
To timely detect and locate the structural damage, a SHM
system has been equipped on the bridge to monitor various
static and dynamic responses of the bridge in service. The
monitoring data of the bridge dynamic behaviors recorded
by the SHM systems include the vertical accelerations,
lateral and vertical dynamic displacement of bridge girders.

In this paper, the long-term monitoring data of
acceleration and dynamic displacement of bridge girder
were analyzed, which are recorded by the acceleration
sensors and displacement sensors respectively. The
locations of the two types of sensors are shown in Fig. 1,
and all the deflection sensors are mounted at the upper
stream side of the longitudinal girder. The sampling
frequency of the vertical dynamic deflection sensors are 1
Hz, while the counterpart of the Ilateral dynamic
displacement sensors is 200 Hz, because the lateral stiffness
of bridge girder is larger than vertical direction.
Additionally, the sampling frequency of the acceleration
sensors is also 200 Hz. The nomenclatures of the sensors
are listed in Table 1.

Table 1 Nomenclatures of the sensors of the SHM system

Sensor name Sensor type fSampImg Unit
requency
35D Acceleration 500 1y, mm/s?
sensor
Lateral
ZD displacement 200 Hz mm/s?
sensor
ND Deflection 1 Hz mm

Sensor
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3. Train-induced vertical accelerations of bridge
girder

3.1 Variability of acceleration amplitude of longitudinal
girder

The bridge is a combined highway and railway cable-
stayed bridge, which is subjected to motor vehicles and
train loads. The bridge is equipped with acceleration
sensors at 7 positions on the longitudinal girder, which are
used to monitor the dynamic loading-induced vibration of
the bridge girder during the service life. The daily bridge
girder acceleration-time curve recorded by sensor JSD4 is
plotted in Fig. 2. As shown in Fig. 2, it can be indicated that
the acceleration peaks during daytime are dense, while the
counterparts recorded at night are relatively sparse.
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Fig. 2 Acceleration-time curve recorded by JSD1 for
January 8th
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Fig. 3 Hourly acceleration-time curves of JSD1

Considering that the period of 24 hours for the train
running schedule, it can be inferred that all the trains pass
the bridge during 05:00-22:00 every day. To analyze the
differences between the accelerations induced by motor
vehicles and trains, the monitoring acceleration data of one
hour was further analyzed as presented in Fig. 3. The
acceleration data from the time interval of 05:00 — 06:00
was analyzed for train-induced responses (Fig. 3(a)).

Considering that the traffic situation at night is less
complex than daytime, the acceleration data from 01:00 —
02:00 was selected to analyze the motor vehicle induced
dynamic behavior of the bridge girder (Fig. 3(b)), which
can avoid the aliasing of the dynamic responses caused by
different passing vehicles. As shown in Fig. 3(a), there are
two obvious acceleration peaks induced by two passing
trains, the amplitudes of which reached 140 mm. The
relative small acceleration signals are evenly distributed in
the other regions of the curve. By contrast, several similar
acceleration peaks exist in the curves in Fig. 3(b), which are
induced by motor vehicles, and the amplitudes are all less
than 60 mm, which are much less than the train-induced
0ones.

3.2 Spatial variation of bridge girder acceleration
induced by train

To study the train-induced acceleration at the different
positions of the longitudinal bridge girder, the monitoring
acceleration data from the JSD1 and JSD8 are further
analyzed (Fig. 4). As presented in Fig. 3(a), there are two
trains passing the bridge during 05:00 — 06:00. Therefore, it
can be inferred that the acceleration peaks in Fig. 3 are also
caused by the two trains. The acceleration amplitudes of the
auxiliary span girder induced by trains and motor vehicles
are similar to each other, which is different from the
situation of mid span girder. As for JSD8, some motor-
induced acceleration amplitudes are even larger than the
counterparts induced by trains, which can be attributed to
the larger stiffness of the girder enhanced by the short span.

By comparing the sequence of the occurrence of the
acceleration peaks recorded by JSD1 and JSD8 induced by
the same train load, the running direction of the train can be
identified. The first train ran from A side to B side because
the acceleration peak was first recorded by JSD1 (Fig. 4).
Similarly, the second train ran from B side to A side for the
acceleration peak first recorded by JSD8. Taking the girder
acceleration at the auxiliary span as example, the effects of
train running direction on the characteristics of the bridge
girder acceleration are analyzed. As shown in Fig. 5, the
acceleration amplitude induced by the train at JSD1 is 72.1
mm/s®, and the counterpart at JSD8 is 91.0 mm/s%. The
acceleration amplitudes at the two auxiliary spans induced
by the same train are relatively close to each other, which
indicates a symmetry of the bridge structures along the
longitudinal direction. Additionally, the evolution process of
the acceleration responses at the two auxiliary spans has
also been analyzed. For the auxiliary span girder at A side,
the train-induced acceleration increases rapidly to the
maximum value and then declines gradually to zero. By
contrast, the amplitude of the train-induced acceleration at
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B side increases gradually to the maximum and then rapidly
decreases to zero. The developing processes at the two
auxiliary spans are quite different because the train has been
on the bridge before running by JSD8, while the bridge has
not been subjected to train load before the train ran by
JSD1.
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Fig. 4 Acceleration responses of auxiliary span girder at
05:00-06:00
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Fig. 5 Acceleration of bridge girder induced by the first
train
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Table 2 Train-induced vertical acceleration amplitude of

bridge girder (mm/s?)

Train-induced dynamic behavior analysis of longitudinal girder in cable-stayed bridge

Train JSD1 JSD2 JSD3 JSD4 JSD5 JSD7 JSDS8
No.
#1 73.3 1223 1074 1323 998 1064 927
#2 849 1263 1369 136.2 985 160.2 127.3
#3 98.4 1142 1139 994 109.3 1252 98.7
#4 727 1467 929 1241 1045 1123 116.6
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Fig. 7 Variation of bridge girder acceleration amplitude
along longitudinal direction

The envelops of the acceleration at different girder
positions induced by the first train are plotted in Fig. 6. As
for the JSD1 section at A side where the train first ran by, an
obviously acceleration peak occurred at the very beginning.
For JSD2 section, the acceleration peak gradually moves to
the right side of the envelop diagram and the amplitude of
the acceleration peak also increases. When the train crosses
JSD3 and JSD5 at the mid span, the acceleration peaks
nearly locate at the middle of the envelop diagram. When
the train passes JSD7, the acceleration peak moves to the
right side of the envelop diagram. When the train runs by
the position of JSD8 at the auxiliary span, the acceleration
peak moves to the extreme right side and then decreases
rapidly to zero.

When the same train crosses the bridge, there are great
differences between the train-induced acceleration
amplitudes at the different positions of the bridge girder
along the longitudinal directions. To study the variability of
the train-induced acceleration amplitudes along the bridge
longitudinal direction, the monitored vertical girder
acceleration data from 05:00 — 10:00 are analyzed. The
preliminary analysis of the monitoring data reveals that
there are 6 trains passing the bridge during that time. The
correlation between the acceleration amplitudes at different
positions along the longitudinal direction was analyzed. The
maximum values monitored acceleration peaks at the 7
positions of the girder are listed in Table 2.

It can be further revealed by Fig. 7 that the vertical
acceleration of the bridge girder induced by different trains
varies similar along the longitudinal direction. For the same
train, the induced acceleration amplitude at the side span is
larger than the auxiliary span, and the acceleration peak
value at the middle of mid span are larger than the other
positions of the mid span.
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4. Train-induced lateral dynamic displacement of
bridge girder

The lateral dynamic displacement of the bridge girder
under the impact of trains or motor vehicles can reflect the
lateral dynamic feature of the girder. The monitoring data of
the lateral dynamic girder displacement at ZD1 and ZD4 in
January 8th were analyzed, which are shown in Fig. 8. It is
indicated that the maximum value of the lateral dynamic
displacement of the auxiliary span is larger than that in mid
span. Furthermore, three one-hour acceleration-time curves
recorded ZD4 are specified in Fig. 9, which represent the
three typical time intervals of a day. Comparing Figs. 9(a)
and (b), the peaks of the lateral dynamic girder
displacements at daytime are denser than night time.
Therefore, the lateral dynamic displacement of the girder
can be attributed to the impact of trains and motor vehicle
loadings. In order to reduce the interference of the
environmental actions and avoid the superposition of the
dynamic responses caused by different live loading in
complex traffic condition, the monitoring data of lateral
girder displacement between 01:00 — 02:00 was analyzed.
As shown in Fig. 9(a), seven obvious peaks of dynamic
displacement can be observed, which coincide with the
counterparts of the girder acceleration (Fig. 3(b)).
Additionally, a comparison between Fig. 9(b) and Fig. 3(a)
is further conducted, which shows that two peaks of the
dynamic displacement coincide with the counterparts of
bridge girder acceleration peaks. Consequently, the lateral
girder dynamic displacement is mainly caused by impacts
of the vehicle and train loadings. Besides, the amplitude of
the lateral dynamic displacement induced by trains is
similar to motor vehicles for mid span girder, but larger
than motor vehicles for auxiliary span girder of the bridge.
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Fig. 8 Daily monitoring data of dynamic lateral
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Fig. 9 Hourly lateral girder displacement

5. Train-induced dynamic deflection of bridge girder
5.1 Variability of dynamic girder deflection

Because the bridge structure is subjected to the trains,
temperature and other external actions, the dynamic
deflection of the bridge girder is a time-dependent value.
The bridge girder deflections can reflect the features of
structural stiffness, which have substantial effects on the
comfortability and safety of the high-speed trains passing
through the bridges. Therefore, it is necessary to study the
variability of the dynamic deflections of the bridge girder.
In order to identify the train-induced dynamic deflections,
two days of monitored displacement data, January 1st and
8th, are analyzed respectively. As indicated in Fig. 10, the
deflection peaks with the amplitude over 20mm always
occurred at the same time in the two days. Because the
running schedule of the train is relatively stable and there is
obvious randomness for the motor vehicles on the bridges,
it can be inferred that the deflection peaks over 20 mm are
caused by trains. As shown in Fig. 10, there are also many
small peaks distributed on the deflection-time curves other
than the train-induced ones. Additionally, sine-like variation
trend can also be observed in the deflection-time curve. As
reported by the other research work of the authors, the sine-
like variation of the curve is caused by the temperature
actions and the small peaks are caused by random vehicle

loadings. To study the characteristics of the train-induced
girder deflections, it is essential to eliminate the effects of
the temperature actions and the motor vehicle loadings.

Compared with the effects of the train and motor vehicle
loadings, the temperature-induced girder deflection varies
slowly with time, which can be considered to be a kind of
low frequency-field signal. Therefore, wavelet frequency
decomposition method was applied to abstract the low-
frequency ingredient from the initial recorded signal. The
mother wavelet function of db6 was applied and 10-layer
decomposing scale was selected. As shown in Fig. 11(a),
the static deflection induced by temperature was obtained
through the wavelet frequency decomposition method,
which has a close correlation with the overall trend of the
raw data. Therefore, the deflections induced by live loads
can be obtained by subtracting the temperature-induced
effects. Considering the amplitudes of the train-induced
deflections are obviously larger than the motor vehicles, the
train-induced deflections can be further acquired by
subtracting the small peaks of the deflections.

Through the process above, the train-induced dynamic
girder deflections can be obtained for auxiliary, side and
mid span. The train-induced deflections at ND1 and ND2
are presented in Fig. 12. It can be observed that the train
caused greater deflection in side span than auxiliary span,
and both of them are smaller than the mid span (Fig. 11(b)),
which can be attributed to the auxiliary span being stiffer
than side span because of the shorter span length.
Additionally, the features of the dynamic deflections
induced by train loadings at different positions are quite
different.
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Fig. 10 Vertical dynamic displacement of bridge girder at
ND4
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For auxiliary and side span girder, the amplitudes of
upward and downward dynamic deflection peaks are similar
to each other. However, the downward deflection
amplitudes at mid span girder are much larger than the
upward ones. Considering that the girder deflections could
reflect the comprehensive effects of the static and dynamic
effect of the train loadings, the extreme values, mean values
and root square mean (RSM) values of the train-induced
girder deflection amplitudes are calculated for the bridge
girder, which are shown in Fig. 13. It can be observed that
the absolute values of the three statistical parameters are
larger at mid span than the side and auxiliary span.

5.2 Statistical analysis of train-induced dynamic girder
deflection

For high-speed railway bridge, the amplitude of the
girder dynamic deflection can affect the irregularity of the
track, which could substantially endanger the running safety
and comfortability of the high-speed trains. Therefore, it is
essential to carry out a long-term monitoring of the girder
deflections and statistically analyze the monitoring data,
which is meaningful for engineering practice. In this
section, the time-variation of the extreme values of the
train-induced girder deflections are studied. Based on the
results concluded in section 5.1, the daily extreme values of
the girder dynamic deflections are caused by trains, which
are shown in Fig. 11.

520 f R ——
£ 500/
g 4801
L
2
& 460¢ :
a Raw data

= = = Static deflection

440 —

0 2 4 6 8 1012 14 16 18 20 22 24
Time (hour)

(a) Temperature-induced deflections

10 N e e —

0

-10¢

Displacement (mm)

10 12 14 16 18 20 22
Time (hour)
(b) Train-induced deflections

4 6 8

Fig. 11 Dynamic deflection-time curves at ND4 in
January 8th

15

—NDO1
107 1

i W L
I

|
BELNERY

Displacement (mm)
]

-5t
-10¢
-15 L ———
4 6 8 10 12 14 16 18 20 22
Time (hour)
(a) ND1
15 ‘

Displacement (mm)
o wn

50
-10¢
-15—; ‘ ‘ ‘
5 10 15 20
Time (hour)
(b) ND2

Fig. 12 Train-induced dynamic deflection-time curve in
January 8th

Although the extreme values of the dynamic girder
deflections are mainly attributed to the train loadings, the
bridge girder is also subjected to wind actions, random
vehicle loadings, etc. Moreover, the train loading is variable
with the different carrying loads. Consequently, the
variability of the train loads and other external actions will
make the dynamic girder deflection a random variable
rather than a constant. As shown in Fig. 11(b), the
amplitudes of train-induced girder deflections are similar to
each other; however, obvious randomness exists. Therefore,
it is necessary to carry out statistical analysis of the daily
extreme values of the girder deflections.

To analyze the statistical characteristics of the dynamic
girder deflection, the relatively complete monitoring data of
the train-induced dynamic girder deflections from May to
September in 2015 were selected for analysis. Because the
running schedule of the train has a period of 24 hours, the
daily extreme values of the dynamic girder deflection
induced by the train loadings are statistically analyzed. The
histogram of the daily extreme values of dynamic girder
deflections for ND1, ND2, ND3 and ND5 are plotted in Fig.
14. It can be observed that most samples of the extreme
values of the train-induced girder deflections gather at the
region of relative small values, while few samples are
sparsely distributed at the region of large values. According
to the distribution features above of the dynamic
deflections, general extreme value (GEV) distribution is
adopted to fit the probability density function of the
extreme values of the dynamic girder deflections. GEV
distribution is developed within extreme value theory which
consists of a family of three continuous probability
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distributions, namely the Gumbel, Fréchet and Weibull
distributions. The PDF of GEV can be represented as Eqg.

Q.
£(1+ gx’if“jiw’iexp{—(hg Xi”)iw} )
fosm=17" ” )
1 X—u X—u
;exp(—?)exp [—exp(—?ﬂ £=0
where o >0 is the scale parameter; pueR is the

location parameter; &R is the shape parameter; x is

the random variable. The sub-families of the GEV
distribution can be defined by £=0, £>0 and ¢£<0,

which correspond to the Gumbel, Fréchet and Weibull
distributions respectively. It is worth noting that the PDF is
always positive. Thus for &>0, the Eqg. (1) is valid for
X>—-o/l&+u , while for £<0, it is valid for
X<—ol&+u.

When GEV distribution is applied to fit the dynamic
girder deflection, the unknown parameters consist of 9,

H and 5, which need to be determined through the
monitoring samples of the daily extreme values of the
deflections. The maximum likelihood estimation (MLE)
method is used to estimate the parameters of the PDF in Eq.
(1). The likelihood function can be represented as Eq. (2),

L@ %, 1) =T T (%:60)=POX, =%, X =%,[60) 2

where @ is the vector the unknown parameters of the PDF
of GEV distribution. X, is the ith independent
observation of the random variables. P() is the
conditional probability of the observed x; given 6. The
mechanism of MLE method is to maximize the probability
of the occurrence of the observed values of X, X,..., X,

under the condition of @. The MLE can be represented as
Eqg. (3).
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where @ is the maximum likelihood estimator.
Considering L(;X,,--+,X,) reaches the maximum value
at the same points with In(L(&;x,---X,)), @ can be
obtained through Eq. (4) to simplify the calculation.
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Based on the monitoring data, the PDF of the dynamic
girder deflections of four typical cross sections of the girder
have been fitted by GEV distribution, which are shown in
Fig. 14. The PDF parameters of the GEV distribution have
been obtained through MLE, which are listed in Table 3. As
shown in Fig. 14, the observed samples of the extreme
values of the dynamic girder deflections can been well

fitted by the GEV distribution, and the monitoring data of
mid span girder is better fitted than side span. To
quantitatively evaluate the validity of the fitting results,
Kolmogorov-Smirnov test ( K-S test) was applied and
the test results are listed in Table 4. It worth noting that the
threshold values of significant level are the limit values
beyond which the K-S test will reject the GEV
distribution hypothesis. According to the testing results, the
significant level of daily deflection extreme values at ND4
failing to reject the GEV distribution hypothesis can reach
74%, with the counterparts at ND5, ND7 and ND8 are 0.31,
0.40 and 0.45. It can be further concluded that the train-
induced daily extreme girder deflection at mid span can be
better fitted by GEV distribution than the other spans. The
empirical cumulative distribution function (CDF) curves
obtained based on the monitoring data and the fitted GEV
CDF obtained though MLE are plotted in Fig. 15. It can be
observed that the fitted GEV CDF coincides well with the
empirical CDF, which indicates that it is reasonable for the
daily extreme values of the train-induced bridge girder
deflection to approximately obey the GEV distribution.

6. Conclusions

The bridge girder accelerations and dynamic
displacements can be induced by trains, motor vehicles and
ambient environmental actions. The structural dynamic
behaviors can reflect the dynamic features of the bridge
structure, which have been more and more widely applied
to detect structural damage and evaluate the structural
performance degradation. Train loads are the most
important live loads for long-span combined highway and
railway bridges. Although the train loads are much smaller
than the self-weight of the bridge structure, the dynamic
responses of the bridge are mainly attributed to the impact
of the train loadings. Therefore, it is necessary to study the
characteristics and variability of the train-induced dynamic
behaviors of the bridge. In this paper, the monitoring data of
a combined highway and railway cable-stayed bridge was
analyzed to study the features of the train-induced bridge
girder dynamic responses in service.

Table 3 Maximum likelihood estimators of the GEV PDF
parameters

A,
ND4 0.57 3.10 43.17
ND5 0.53 1.36 27.04
ND7 0.33 0.60 11.75
ND8 0.24 241 8.83

Table 4 Threshold values of significant level

Significant
level

Ay 0.74 0.31 0.40 0.45

ND4 ND5 ND7 ND8
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Firstly, the accelerations of the bridge girder were analyzed
based on the monitoring data, and the differences between
the acceleration amplitudes induced by train and vehicles
were analyzed; Secondly, the differences between the
propagation processes of the girder acceleration for the
different girder positions were studied; thirdly, the spatial
variability was revealed for the train-induced lateral girder
displacement. Finally, the method was proposed for
subtracting the effects of temperature and vehicle loadings
on dynamic girder deflections, and statistical analyses were
carried out for the daily extreme values of the train-induced
girder deflections. The following conclusion can be drawn:

. Both of the vehicle and train loadings can cause
vertical accelerations in bridge girder in combined highway
and railway cable-stayed bridge. For the mid span girder,
the amplitudes of the girder acceleration induced by trains
are obviously larger than vehicle loadings. By contrast, the
train-induced acceleration of auxiliary and side span girder
approximates to that induced by vehicles.

. There is a close correlation between the

propagation process of the vertical girder accelerations and
the train running directions for the auxiliary span girders.
For the auxiliary span at the starting point of the train
running direction, the acceleration rapidly increases to the
peak. For the auxiliary span at the other side, it will take a
relatively long time for the acceleration to reach the peak.
Additionally, the train-induced vertical girder acceleration
peak at auxiliary span is smaller than the side span, and the
counterpart of the mid span section is larger than that of the
quarter span section in the mid span girder.

. The lateral girder displacements are mainly

attributed to train and vehicle loadings. The train-induced
lateral displacement amplitude approximates to that induced
by vehicles at the mid span. However, the train-induced
lateral girder displacement is obviously larger than the
vehicles for auxiliary span girder.

. Wavelet frequency decomposition method can be

effectively used to eliminate the effects of temperature
actions on the girder deflections and abstract the train-
induced girder deflections. The daily extreme values, mean
values and the RMS values of the girder deflection increase
with the positions from auxiliary span to the mid span.

. There is obvious randomness in daily extreme

values of the girder deflections induced by trains. The
distribution of the daily extreme values of the girder
deflection for the mid span can be well fitted by the GEV
distribution model, and the parameters of the GEV PDF can
be obtained through the MLE method. K-S test further
verifies that the monitoring data of the daily extreme girder
deflections induced by trains do not reject the GEV
distribution.
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