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Abstract.  Studies on dynamic characteristics of the hanger vibration using field monitoring data are 
important for the design and evaluation of high-speed railway truss arch bridges. This paper presents an 
analysis of the hanger’s dynamic displacement responses based on field monitoring of Dashengguan 
Yangtze River Bridge, which is a high-speed railway truss arch bridge with the longest span throughout the 
world. The three vibration parameters, i.e., dynamic displacement amplitude, dynamic load factor and 
vibration amplitude, are selected to investigate the hanger’s vibration characteristics in each railway load 
case including the probability statistical characteristics and coupled vibration characteristics. The influences 
of carriageway and carriage number on the hanger’s vibration characteristics are further investigated. The 
results indicate that: (1) All the eight railway load cases can be successfully identified according to the 
relationship of responses from strain sensors and accelerometers in the structural health monitoring system. 
(2) The hanger’s three vibration parameters in each load case in the longitudinal and transverse directions 
have obvious probabilistic characteristics. However, they fall into different distribution functions. (3) There 
is good correlation between the hanger’s longitudinal/transverse dynamic displacement and the main 
girder’s transverse dynamic displacement in each load case, and their relationships are shown in the 
hysteresis curves. (4) Influences of the carriageway and carriage number on the hanger’s three parameters 
are different in both longitudinal and transverse directions; while the influence on any of the three 
parameters presents an obvious statistical trend. The present paper lays a good foundation for the further 
analysis of train-induced hanger vibration and control. 
 

Keywords:  steel truss arch bridge; railway; hanger; dynamic displacement; static displacement; dynamic 

load factor; correlation; monitoring 

 
 
1. Introduction 
 

A lot of long-span bridges have been built for the purpose of increasing the transport capacity, 

strengthening the region connection, etc. Large-scale bridges play a vital role in modern 

economies (An et al. 2015); however, they are suffering from structural condition deterioration 

because they are exposed to environmental conditions and external dynamic loads (Li et al. 2015a), 
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and their failure will cause severe loss for society and economy. As a result, structural health 

monitoring (SHM) has become an important research topic for structural safety evaluation and 

continuous condition assessment (Li et al. 2015a), and the SHM system gets widely application 

(Li et al. 2015b) in large-scale bridges. Structural vibration responses are widely used for 

condition assessment with damage diagnosis methods (An et al. 2014, An et al. 2016), and the 

diagnosis results can also support SHM (Li et al. 2015c) for structure abnormality alarming. Zhou 

et al. (2013) reviews the SHM benchmark studies, in which the physical structure, the numerical 

study, the scaled laboratorial model experiment and latest developments on the application of 

SHM techniques are reviewed. It’s necessary to analyze the bridge characteristics based on the 

long-term monitoring data from the SHM system. 

The long-term monitoring data from SHM system are analyzed to obtain the structural damage 

and abnormality which can provide guidance for the further maintenance, reinforcement and even 

the future design. Many studies based on bridge field monitoring data have been conducted. Saito 

and Sakata (1999) collected structural characteristics and natural wind characteristics data from 

both field measurement and wind tunnel test for a long-span box girder bridge to evaluate its 

aerodynamic stability. Feng et al. (2005) assessed global structural conditions and identified the 

damage location in highway bridges for further bridge damage assessment based on 

traffic-induced and ground-motion-induced vibration data respectively. Ni et al. (2006) utilized 

long-term monitoring data from a suspension bridge to assess bridge fatigue life based on a 

statistical probability distribution method. Ni et al. (2007) established a normal correlation pattern 

based on the long-term monitoring data of the bridge temperature and expansion joint 

displacement, which can predict the expansion joint displacements and estimate the service life 

and the interval for replacement of expansion joints. Pinkaew and Senjuntichai (2009) concerned 

the fatigue damage caused by train-induced dynamic strains in a railway truss bridge and evaluated 

the fatigue damage risk of different bridge members. Bayraktar et al. (2010) got test result from 

the measurement of a highway bridge in order to analyze traffic-induced vibration and the bridge’s 

dynamic characteristics, and they established and updated the finite element (FE) model of the 

bridge according to the experimental data. Ye et al. (2012) developed a monitoring-based method 

for steel bridges’ fatigue life assessment based on long-term monitoring strain data, and railway 

traffic, highway traffic and typhoon effects are accounted in the statistical analysis of the stress 

spectra for formulating a standard daily stress spectrum. Norouzi et al. (2013) proposed a 

methodology which is used to find abnormal performance of the bridge by establishing a simple 

data model based on the long-term monitoring data patterns. Chiu et al. (2014) did in-situ 

experiments and collected long-term monitoring data for dynamic behavior analysis in real bridges, 

and numerical models were constructed combined with in-situ experiments for a better bridge 

safety evaluation and life-cycle management. Liu et al. (2014) recommended a method to calculate 

the localized reliability around an embedded sensor based on a long-term SHM system monitoring 

data, and this method can be used for further structural analysis and maintenance. Acampora et al. 

(2014) got vibration data of the full-scale cable and applied it in the identification of the total 

stiffness matrix and total damping matrix. The back-calculated drag coefficient from the damping 

matrix agrees well with the measured drag coefficient from the wind tunnel test.  

With elegant appearance and good mechanical properties, more and more arch bridges are built 

nowadays. The hangers are the main connection components between the arch and deck, and 

damage of hangers will cause severe influence. The vibration of hangers induced by ambient 

excitation may result in their damage or fatigue accumulation, many cases about large vibration of 

the arch bridge hangers can be listed (Chen et al. 2011); for example, Dong Ping Bridge, a steel 
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arch bridge, was attacked by typhoon on august 4, 2006 and more than 20 hangers had excessive 

vibration simultaneously. Many other similar cases can be found in arch bridges around the world, 

and there is hidden danger which is harmful to the long-term performance of bridges. Moreover, 

the traffic loads may bring great impact in short times, which can affect the hangers’ vibration 

significantly. Therefore, it is essential to study the hangers’ vibration caused by vehicle-bridge 

interreaction. There has been much research on the hangers’ vibration induced by vehicle-bridge 

interaction in recent years. Chatterjee and Datta (1995) used a mixed method, which combined the 

advantages of continuum and lumped mass methods, to analyze the dynamic characteristics of a 

bridge with a relatively rigid arch supporting a flexible deck under a single moving load. Ju and 

Lin (2003) analyzed the vibration characteristics of a steel arch bridge considering 

three-dimensional train-bridge interaction under a high-speed train, and two simple resonance 

criteria for the arch bridge and high-speed train resonance effect prediction are recommended and 

validated by FE analysis. Malm and Andersson (2006) analyzed the hangers’ field measurements 

in a tied arch bridge and the corresponding FE model to investigate the hangers’ vibration induced 

by the train for fatigue evaluation of the bridge. Zeng and Tan (2012) discussed the method to 

compute the hangers’ fatigue reliability under vehicle loads based on the accurate analysis of 

vehicle load spectrum. Shao et al. (2015) studied vehicle induced dynamic internal force of 

hangers in a half-through arch bridge; they used both measurement data and numerical method for 

hanger system’s fatigue analysis and service life evaluation in view of vehicle-bridge interaction 

and road surface roughness. To sum up, many great vibration analysis methods for the arch bridge 

hangers have been proposed. However, little research about hanger vibration of the high-speed 

railway arch bridges based on the long-term monitoring data has been found. Field measurement 

method is the most accurate way to obtain bridge behavior, and the vibration characteristics of 

hangers can be estimated accurately based on the monitoring data. 

Dashengguan Yangtze River Bridge, the first 6-track railway arch bridge in the world, the 

high-speed railway bridge with the highest loading capacity in the world, and the longest 

high-speed railway arch bridge with a continuous arch of the design speed of 300km/h in the world, 

is selected as the research object to study the hangers’ vibration. The bridge is a multi-span 

continuous arch bridge with a total length of 1615m. It consists of six tracks that include two lines 

for the Beijing-Shanghai High Speed Railway, two lines for the Shanghai-Wuhan-Chengdu 

Railway and two lines for the Nanjing Metro, and the main span is a continuous steel truss arch 

with 21 hangers (Wang et al. 2015). The transverse and longitudinal vibration data of a hanger is 

collected by sensors in the SHM system. Ding et al. (2015) preliminarily discussed the probability 

statistics of a hanger’s dynamic displacement amplitudes and their relationship with the main 

girder of Dashengguan Yangtze River Bridge based on the long-term monitoring data. 

In this paper, the vibration data of hangers collected from SHM system is studied with 

consideration of vehicle-bridge interaction based on the three parameters, i.e., the dynamic 

displacement, the dynamic load factor and the vibration amplitude. For this purpose, the remainder 

of this paper is organized as follows: section 2 shows the dynamic displacement monitoring of a 

selected hanger in the bridge; section 3 provides the characterisitic analysis of train-induced 

dynamic displacements; and finally section 4 gives the conclusions. 

 
 
2. Field monitoring of train-induced hanger’s dynamic displacements  

 

As shown in Fig. 1, the Dashengguan Yangtse River Bridge is a double continuous steel truss 
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girder and a continuous steel truss arch bridge with a main span arrangement of 108 m+192 

m+336 m+336 m+192 m+108 m.  

 

2.1 Dynamic displacement monitoring method 
 

The SHM system has been set up for the Dashengguan Yangtse River Bridge, in which some 

velocimeters have been installed on the hangers for the long-term monitoring of train-induced 

hanger’s dynamic responses. In order to monitor the 1# hanger’s dynamic displacement responses, 

two velocimeters are installed on the 1# hanger at the girder’s section 1-1 in the transverse and 

longitudinal directions respectively (Fig. 1). The detailed locations of the two sensors are shown in 

Fig. 2, in which the sensor Z1 is the velocimeter to measure the longitudinal responses and the 

sensor Z2 is the velocimeter to measure the transverse responses. The sampling frequency is 200 

Hz. As shown in Fig. 2, dynamic strain sensors Y1 and Y2 (Fig. 2) are installed on the cross 

girders of downstream side and upstream side at the section 1-1 (Fig. 1) of the bridge respectively; 

accelerometers J1 and J2 are installed on the girder, above the 2# pier and 20# pier, respectively. 

 

 

 

 

 

Fig. 1 The Dashengguan Yangtse River Bridge 
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Fig. 2 The detailed sensor layout on the section 1-1 

 

 

Here the dynamic displacement responses are obtained by the integral of vibration velocity 

responses. To improve the integral accuracy, Romberg integral (Katani and Shahmorad 2012) is 

employed as follows due to its simple procedure and the high accuracy: 

 
1

2 1

0

1

2

n

n n k

k

T T h f x






 
  

 
                            (1) 

 2 21/ 3n n n nS T T T                               (2) 

 2 21/15n n n nC S S S                              (3) 

 2 21/ 63n n n nR C C C                              (4) 

where n  = 0, 1, 2, 3, …; h  is the derivative of sampling frequency; 
1kx 
 is the time of the 

( 1k  )th data point;  1kf x 
 is the velocity at time point 

1kx 
; 

nT , 
nS , 

nC  and 
nR  are the n th 

data point of the dynamic displacement obtained based on compound trapezoid formula, 

compound Simpson formula, compound Cotes formula and Romberg integral, respectively; Eqs. 

(1)-(3) are the compound trapezoid formula, compound Simpson formula and compound Cotes 

formula respectively; Romberg integral has an advantage of high accuracy and quick convergence 

because it uses compound trapezoid formula which is very simple in the procedure. 

 

2.2 Dynamic displacement monitoring results 
 

Different railway load cases have different influences on the hanger’s dynamic displacement 

monitoring results, so it is very important to investigate these influences through the fine analysis 

of different load cases. Thus, according to the carriageway and carriage number, this section 

conducts the fine analysis of the 1# hanger’ dynamic displacement monitoring results based on 8 

railway load cases. The 8 railway load cases are summarized in Table 1 and Fig. 3 for a simple 

description. Note that only the cases that one train runs through the bridge are considered in this 

work. The cases that multiple trains run through the bridge at the same time are not discussed here 

due to the complex mechanical characteristics. Considering there is no any sensor or instrument 

which is used for distinguishing the load cases in the SHM system of Dashengguan Yangtse River 
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Bridge, eight load cases (Table 1) can be identified by the relationship analysis of responses from 

the strain sensors and the accelerometers installed in the SHM system. 

The proposed load case identification method is introduced in detail as follows:  

(1) Figs. 4 and 5 show the strain responses from sensors Y1 and Y2 when the train runs on the 

downstream side and upstream side respectively. The response measured from sensor Y1 has a 

larger change than that from sensor Y2 when the train is running on the downstream side; the 

response measured from sensor Y2 has a larger change than that from sensor Y1 when the train is 

running on the upstream side. According to this rule, the side that the train runs on can be 

determined. 

(2) Nine extreme points will be produced by the 9 pairs of wheels when a 8-carriages train runs 

through a strain sensor; 17 extreme points will be produced by the 17 pairs of wheels when a 

16-carriage train runs through a strain sensor. As shown in Fig. 6, the carriage number can be 

determined according to this rule. 

(3) As shown in Fig. 7, when the train runs from Beijing to Shanghai, the extreme point of the 

acceleration response from the accelerometer J1 (2# pier) presents earlier than that in the 

acceleration response from the accelerometer J2 (20# pier); vice versa. As a result, the driving 

direction can be determined. Finally the railway load case can be identified accurately. 
 

 
Table 1 The 8 load cases 

Case number Descriptions of the load case 

Case 1 A 8-carriage train runs on the downstream side from Shanghai to Beijing 

Case 2 A 8-carriage train runs on the downstream side from Beijing to Shanghai 

Case 3 A 16-carriage train runs on the downstream side from Shanghai to Beijing 

Case 4 A 16-carriage train runs on the downstream side from Beijing to Shanghai 

Case 5 A 8-carriage train runs on the upstream side from Shanghai to Beijing 

Case 6 A 8-carriage train runs on the upstream side from Beijing to Shanghai 

Case 7 A 16-carriage train runs on the upstream side from Shanghai to Beijing 

Case 8 A 16-carriage train runs on the upstream side from Beijing to Shanghai 

 

 

 

Fig. 3 A simple description of 8 load cases 
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Fig. 4 The strain time histories of the cross girder when a train runs on the downstream side from sensor Y1 

and Y2 

 

 

 

 

Fig. 5 The strain time histories of the cross girder when a train runs on the upstream side from sensor Y1 and 

Y2 

 

 

 

  
(a) (b) 

Fig. 6 The extreme points when the trains with different carriage numbers run through the bridge: (a) a 

8-carriage train and (b) a 16-carriage train 
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(a) (b) (c) (d) 

Fig. 7 Accelerations from the accelerometers J1 and J2: (a) acceleration from the sensor J1 when the train 

runs from Shanghai to Beijing, (b) acceleration from the sensor J2 when the train runs from Shanghai to 

Beijing, (c) acceleration from the sensor J1 when the train runs from Beijing to Shanghai and (d) 

acceleration from the sensor J2 when the train runs from Beijing to Shanghai 

 

 

 

    
(a) Load case 1 (b) Load case 2 (c) Load case 3 (d) Load case 4 

    
(e) Load case 5 (f) Load case 6 (g) Load case 7 (h) Load case 8 

Fig. 8 Longitudinal dynamic displacement monitoring results of the 1# hanger for load cases 1~8 when a 

train runs through the bridge 
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(a) Load case 1 (b) Load case 2 (c) Load case 3 (d) Load case 4 

    
(e) Load case 5 (f) Load case 6 (g) Load case 7 (h) Load case 8 

Fig. 9 Transverse dynamic displacement monitoring results of the 1# hanger for load cases 1~8 when a 

train runs through the bridge 

 

 

Figs. 8 and 9 show the longitudinal and transverse dynamic displacement monitoring results of 

the 1# hanger for each load case when a train runs through the bridge. It can be seen from the 

figures that: all the dynamic displacement monitoring results are unimodal curves, which indicates 

that the time-varied characteristics of the hanger’s longitudinal and transverse dynamic 

displacement are required to be noted. Moreover, there is a big difference in dynamic displacement 

amplitudes of different load cases and the dynamic displacement amplitude is influenced by the 

carriageway and carriage number. 

The static displacement time history and vibration amplitude time history are further obtained 

from the dynamic displacement time history based on the wavelet filtering method. Taking the 

load case 1 for example, Figs. 10 and 11 show the 1# hanger’s transverse static displacement time 

history and vibration amplitude time history when the high-speed train runs through the bridge. It 

can be seen from these figures that: The trend of the static displacement time history agrees well 

with that of the dynamic displacement time history; vibration amplitude time history varies with a 

small oscillations around the equilibrium position, and the oscillation amplitude has an obvious 

amplification when a train runs through the bridge. Hence, when a high-speed train runs through a 

bridge, the 1# hanger’s dynamic displacement, static displacement and vibration amplitude time 

history in both longitudinal and transverse directions change obviously and can not be ignored, 

which also indicates that it is vital for hangers’ fatigue to investigate the three monitoring 

parameters. Therefore, the long-term time-varied trends of the three monitoring parameters are 

required to be studied in this work. Influences of the carriageway and carriage number on three 
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selected parameters, i.e. dynamic displacement amplitude, dynamic load factor and vibration 

amplitude, are also studied quantitatively; in which dynamic displacement amplitude refers to the 

maximum absolute value of the displacement response, which is measured directly from a hanger 

or calculated based on the other kinds of responses measured from the hangers (for example the 

dynamic displacement response is obtained by the integral of velocity response of the hanger in 

this work); dynamic load factor refers to the ratio of a hanger’s maximum dynamic displacement 

and maximum static displacement with the same traffic load, and the dynamic load factor can be 

obtained by (Shao et al. 2015) 

dyn

stat

R
DLF

R
                                  (5) 

where dynR  is the maximum absolute value of dynamic displacement of the hanger, i.e., the 

dynamic displacement amplitude, 
statR is the maximum absolute value of static displacement of the 

hanger. Vibration amplitude time history refers to the difference between the dynamic 

displacement amplitudes and the static displacement amplitudes, for example the vibration 

amplitude time history in Fig. 11 is the difference between the results in Figs. 9(a) and 10; 

vibration amplitude is the maximum absolute value of the vibration amplitude time history. 

 

 

 

Fig. 10 The 1# hanger’s transverse static displacement when a train runs through the bridge (load case 1) 

 

 

Fig. 11 The 1# hanger’s transverse vibration amplitude time history when a train runs through the bridge 

(load case 1) 
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3. Characterisitic analysis of train-induced dynamic displacements  
 
3.1 Probability statistical characteristics 
 

The probability statistical models of the three parameters, i.e., the hanger’s longitudinal and 

transverse dynamic displacement amplitudes, dynamic load factors and vibration amplitudes in 

each load case when the train runs through the bridge in the year of 2013, are established in this 

section. Firstly, various probability density functions are used to compare the goodness of fit in 

each load case and the best probability density function is finally selected to describe the 

probability density distribution characteristics. The analysis of the three parameters is discussed as 

follows. 

 

3.1.1 Amplitude of the dynamic displacement 
Various probability density functions are used to compare the goodness of fit for the hanger’s 

longitudinal dynamic displacement amplitudes in each load case. Finally the t location-scale 

distribution (The Math Works Inc 2010) is selected to describe the probability density distribution 

characteristics, and it is given by 

1
2 21

2
( )

2

x

f x



 




 
 

 
 
      

     
    

  
   
   

                        (6)
 

where ν, μ, σ are shape parameter, location parameter and scale parameter respectively, and μ > 0, 

σ > 0. If x has a t location-scale distribution, with parameters ν, μ and σ, then 
x 




 has a t 

distribution with ν degrees of freedom. The parameters are determined by least square fitting of 

probability density of the hanger’s longitudinal dynamic displacement amplitudes based on Eq. (6). 

Probability density fitting curves of the hanger’s longitudinal dynamic displacement amplitudes in 

each load case based on one year’s measured data are shown in Fig. 12; taking Case 1 in Fig. 12(a) 

for example, Fig. 12(c) shows the good agreement of the fitting curve and the original data. The 

corresponding estimated parameter values are shown in Table 2. It can be seen from the figure 

that:  

1) Here the t location-scale distribution function can describe the probability density 

distribution characteristics well, which indicates that the 1# hanger’s longitudinal dynamic 

displacement amplitudes in each load case have obvious probabilistic characteristics.  

2) With the same load (the same carriage number), the longitudinal dynamic displacement 

amplitudes in the load cases close to the 1# hanger are slightly smaller than those in the 

load cases far away from the 1# hanger on the upstream side. However, the influences of 

the traveling direction of the train on 1# hanger’s longitudinal dynamic displacement 

amplitudes in load cases 7 and 8 are slightly larger than the others. 

3) In the same carriageway, the 1# hanger’s longitudinal dynamic displacement amplitudes in 

the load cases with a 16-carriage train are greater than those in the load cases with a 

8-carriage train. 
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(a) (b) (c) 

Fig. 12 Probability density fitting curves of the 1# hanger’s longitudinal dynamic displacement 

amplitudes: (a) for load cases 1~4, (b) for load cases 5~8 and (c) the detailed figure including original 

data and the fitting curve for Case 1 in Fig. 12(a) 

 

 
Table 2 Estimated parameter values of the t location-scale distribution function for the 1# hanger’s 

longitudinal dynamic displacement amplitudes 

Load case 1 2 3 4 5 6 7 8 

μ 0.7365 0.7077 0.9803 0.9489 0.5506 8.6372 0.7700 12.643 

σ 0.0476 0.0388 0.0737 0.0595 0.0380 1.7038 0.0695 2.2457 

ν 4.9321 1.9650 5.9462 3.2325 1.9548 2.3430 4.3391 4.3392 

 

 

Various probability density functions are used to compare the goodness of fit for the hanger’s 

transverse dynamic displacement amplitudes in each load case. Finally the generalized extreme 

value distribution (Xia et al. 2012) is selected to describe the probability density distribution 

characteristics, and it is given by 
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where r, b, a are the shape parameter, location parameter and scale parameter respectively. The 

parameters are determined by least square fitting of probability density of the hanger’s transverse 

dynamic displacement amplitudes based on Eq. (7). Probability density fitting curves of the 1# 

hanger’s transverse dynamic displacement amplitudes in each load case based on one year’s 

measured data are shown in Fig. 13, and the corresponding estimated parameters are shown in 

Table 3. It can be seen from the figure that:  

1) Here the generalized extreme value distribution function can describe the probability 

density distribution characteristics well, which indicates that the 1# hanger’s transverse 

dynamic displacement amplitudes in each load case have obvious probabilistic 

characteristics.  

2) With the same load, the transverse dynamic displacement amplitudes in the load cases 

close to the 1# hanger are much smaller than those in the load cases far away from the 1# 

hanger. 

0.5 1 1.5 2

2

4

6

8

Hanger's longitudinal displacement (mm)

P
ro

b
ab

il
it

y
 d

en
si

ty

 

 

Case1

Case2

Case3

Case4

0.5 1 1.5

2

4

6

8

Hanger's longitudinal displacement (mm)

P
ro

b
ab

il
it

y
 d

en
si

ty
 

 

Case5

Case6

Case7

Case8

0.6 0.8 1 1.2
0

2

4

6

8

Hanger's longitudinal displacement (mm)

P
ro

b
ab

il
it

y
 d

en
si

ty

 

 

Measured

Fitted

1118



 

 

 

 

 

 

Field monitoring of the train-induced hanger vibration… 

 

3) In the same carriageway, the influence of the load (i.e., the carriage number) on the 1# 

hanger’s transverse dynamic displacement amplitudes is very small; the 1# hanger’s 

transverse dynamic displacement amplitudes in load cases with a 16-carriage train are 

slightly larger than those in load cases with a 8-carriage train. 

 

3.1.2 Vibration amplitude 
Various probability density functions are used to compare the goodness of fit for the hanger’s 

longitudinal and transverse vibration amplitudes in each load case. Finally the loglogistic 

distribution (Antony and Matthew 2002) is selected to describe the probability density distribution 

characteristics, and it is given by 
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where μ and σ are the parameters about location parameter and scale parameter respectively, and σ 

> 0. The variable x has a loglogistic distribution with location parameter µ  and scale parameter σ > 

0 if ln(x) has a logistic distribution with parameters µ  and σ. The parameters are determined by 

least square fitting of the probability density values of the hanger’s longitudinal and transverse 

vibration amplitudes based on Eq. (8). Probability density fitting curves of the 1# hanger’s 

longitudinal and transverse vibration amplitudes in each load case based on one year’s measured 

data are shown in Fig. 14, and the corresponding estimated parameter values are shown in Tables 4 

and 5 respectively. It can be seen from the figure that:  

 

  
(a) (b) 

Fig. 13 Probability density fitting curves of the 1# hanger’s transverse dynamic displacement amplitudes: 

(a) for load cases 1~4 and (b) for load cases 5~8 

 

 

Table 3 Estimated parameter values based on the generalized extreme value distribution function 

for the 1# hanger’s transverse dynamic displacement amplitudes 

Load case 1 2 3 4 5 6 7 8 

r 0.5355 0.3811 0.4543 0.4237 0.2571 0.3022 0.3155 0.2293 

a 0.7167 0.0736 1.1092 0.1025 0.1061 0.5838 0.1560 1.0398 

b 1.2608 0.3203 1.9218 0.3824 0.4374 1.3398 0.5679 1.9497 
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1) Here the loglogistic distribution function can describe the probability density distribution 

characteristics well, which indicates that the 1# hanger’s longitudinal and transverse 

vibration amplitudes in each load case have obvious probabilistic characteristics.  

2) With the same load, both the longitudinal and transverse vibration amplitudes in the load 

cases close to the 1# hanger are much smaller than those in the load cases far away from 

the 1# hanger.  

3) In the same carriageway, the influence of the load on both the longitudinal and transverse 

vibration amplitudes is very small. But the influences of the load on both the longitudinal 

and transverse vibration amplitudes of 1# hanger in load cases 1 and 3 are slightly larger 

than the others. 

 

  
(a) (b) 

  
(c) (d) 

Fig. 14 Probability density fitting curves of the 1# hanger’s longitudinal and transverse vibration 

amplitudes: (a) for the longitudinal vibration amplitudes of load cases 1~4, (b) for the longitudinal 

vibration amplitudes of load cases 5~8, (c) for the transverse vibration amplitudes of load cases 1~4 and  

(d) for the transverse vibration amplitudes of load cases 5~8 

 

 
Table 4 Estimated parameter values of the loglogistic distribution function for the 1# hanger’s longitudinal 

vibration amplitudes 

Load case 1 2 3 4 5 6 7 8 

μ -0.7385 -0.9985 -0.6408 -0.9945 -1.6801 -1.4013 -1.6363 -1.3447 

σ 0.0337 0.0600 0.0502 0.0653 0.0669 0.0968 0.0692 0.0993 
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Table 5 Estimated parameter values of the loglogistic distribution function for the 1# hanger’s transverse 

vibration amplitudes 

Load case 1 2 3 4 5 6 7 8 

μ -1.0452 -1.7844 -0.8989 -1.7247 -1.4002 -0.5854 -1.3710 -0.5796 

σ 0.0941 0.0985 1.066 0.1215 0.1578 0.1834 0.1382 0.2263 

 

3.1.3 Dynamic load factor 
Various probability density functions are used to compare the goodness of fit for the 1# 

hanger’s longitudinal dynamic load factors in each load case. Finally the t location-scale 

distribution is selected to describe the probability density statistic characteristics. The parameters 

are determined by least square fitting of probability density of the 1# hanger’s longitudinal 

dynamic load factors based on Eq. (6). Probability density fitting curves of the 1# hanger’s 

longitudinal dynamic load factors in each load case based on one year’s measured data are shown 

in Fig. 15, and the corresponding estimated parameter values are shown in Table 6. It can be seen 

from the figure that:  

1) Here the t location-scale distribution function can describe the probability density 

distribution characteristics well, which indicates that the 1# hanger’s longitudinal dynamic 

load factors in each load case have obvious probabilistic characteristics.  

2) With the same load, the longitudinal dynamic load factors in the load cases close to the 1# 

hanger are much smaller than those in the load cases far away the 1# hanger.  

3) In the same carriageway, the 1# hanger’s longitudinal dynamic load factors in load cases 

with a 16-carriage train are much smaller than those in load cases with a 8-carriage train. 

 
Table 6 Eestimated parameter values of the t location-scale distribution function for the 1# hanger’s 

longitudinal dynamic load factors 

Load case 1 2 3 4 5 6 7 8 

μ 1.2178 1.1271 1.1373 1.0751 1.0592 1.1085 1.0395 1.0794 

σ 0.0352 0.0172 0.0197 0.0078 0.0076 0.0343 0.0038 0.0021 

ν 8.3116 3.1367 7.4968 2.5278 3.0994 13.6060 2.1107 14.5493 

 

  
(a) (b) 

Fig. 15 Probability density fitting curves of the 1# hanger’s longitudinal dynamic load factor for the 8 

load cases: (a) for load cases 1~4; (b) for load cases 5~8 
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Various probability density functions are used to compare the goodness of fit for the 1# 

hanger’s transverse dynamic load factors in each load case; finally the generalized extreme value 

distribution is selected to describe the probability density distribution characteristics. The 

parameters are determined by least square fitting of probability density of the 1# hanger’s 

transverse dynamic load factors based on Eq. (7). Probability density fitting curves of the 1# 

hanger’s transverse dynamic load factors in each load case based on one year’s measured data are 

shown in Fig. 16, and the corresponding estimated parameter values are shown in Table 7. It can 

be seen from the figure that:  

1) Here the generalized extreme value distribution function can describe the probability 

density distribution characteristics well, which indicates that the 1# hanger’s transverse 

dynamic load factors in each load case have obvious probabilistic characteristics.  

2) Different with the 1# hanger’s longitudinal dynamic load factors, with the same load, the 

transverse dynamic load factors in the load cases close to the 1# hanger are much greater 

than those in the load cases far away from the 1# hanger.  

3) Different with the 1# hanger’s longitudinal dynamic load factors, in the same carriageway, 

the 1# hanger’s transverse dynamic load factors in load cases with a 16-carriage train are 

slightly smaller than those in load cases with a 8-carriage train. 

For the 8 railway load cases, this section gives the probability statistical analysis results for the 

dynamic displacement amplitudes, the vibration amplitudes and the dynamic load factors, which 

indicate that the randomness in the hanger vibration is very obvious. Comparisons of the analysis 

results in each load case with consideration of the carriageway and carriage number are further 

conducted and some trends are found. This section lays a foundation for further study of 

probability analysis method for the hanger vibration under the coupled vibration of the train and 

the bridge. 

 
Table 7 Estimated parameter values based on the generalized extreme value distribution function for the 1# 

hanger’s transverse dynamic load factor 

Load case 1 2 3 4 5 6 7 8 

r 0.2630 -0.0779 0.2692 -0.0178 -0.1136 0.2163 -0.0483 0.4386 

a 0.0763 0.2000 0.0507 0.1763 0.2201 0.1350 0.1542 0.0784 

b 1.0878 1.3294 1.0643 1.2531 1.3735 1.1767 1.2351 1.0971 

 

  
(a) (b) 

Fig. 16 Probability density fitting curves of the 1# hanger’s transverse dynamic load factor for the 8 load 

cases: (a) for load cases 1~4 and (b) for load cases 5~8 
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Field monitoring of the train-induced hanger vibration… 

 

3.2 Coupled vibration characteristics of the hanger and the main girder 
 

Coupled vibration analysis of the hanger and the main girder in the 8 load cases is discussed in 

detail in this section through the following two points: (1) Hysteretic analysis of the dynamic 

displacement time histories; (2) Correlation analysis of the vibration amplitudes. Figs. 17 and 18 

illustrate the correlation analysis of the 1# hanger’s longitudinal and transverse displacements and 

the main girder’s transverse displacements in each load case. It can be seen that: (1) There is good 

correlation between the 1# hanger’s longitudinal and transverse static displacements and the main 

girder’s transverse static displacements in each load case, and their relationships are shown in the 

hysteresis curves; it can be seen that the deformation capacity of the bridge is very good when the 

train is running through the bridge; (2) While correlation results between the 1# hanger’s 

longitudinal/transverse dynamic displacement and the main girder’s transverse dynamic 

displacement in each load case fluctuate obviously around the static displacement hysteresis curve. 

It can be seen from Figs. 17 and 18 that the correlations between the hanger’s 

longitudinal/transverse dynamic displacement and the main girder’s transverse dynamic 

displacement show the phenomenon of hysteresis curves.  

 

 

 

    
(a) Load case 1 (b) Load case 2 (c) Load case 3 (d) Load case 4 

    
(e) Load case 5 (f) Load case 6 (g) Load case 7 (h) Load case 8 

Fig. 17 Correlations between the 1# hanger’s longitudinal dynamic/static displacement and the main 

girder’s transverse dynamic/static displacement for every load case (DTC refers to the dynamic 

displacement time history; STC refers to the static displacement time history) 
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The possible explanation is as follows: the pass of a train brings the main girder’s transverse 

dynamic displacement, and then brings the hangers’ transverse/longitudinal dynamic 

displacements, which results in the coupled vibration between the train, main girder and hangers; it 

can be seen from the time history of the hysteresis curves that the values of a hysteresis curve 

fluctuate slightly around the coordinate (0, 0) before the pass of a train; the hysteresis curves 

fluctuate in a anticlockwise direction when a train passes through, and the hangers’ dynamic 

displacement continues to increase when the main girder’s transverse dynamic displacement 

increases to its maximum, while the hangers’ dynamic displacement increases to its maximum 

when the main girder’s transverse dynamic displacement decreases. Fig. 19 and Fig. 20 show 

correlation analysis of the 1# hanger’s longitudinal/transverse vibration amplitudes and the main 

girder’s transverse vibration amplitudes in load cases 1 and 2 respectively. It can be seen from the 

two figures that: there is no correlation between the 1# hanger’s longitudinal/transverse vibration 

amplitudes and the main girder’s transverse vibration amplitudes. The same conclusion is found in 

the rest load cases but the results are not shown in detail here. As a result, there is a good 

correlation between the main girder’s static displacement amplitudes and the 1# hanger’s static 

displacement amplitudes; while there is no correlation in their vibration amplitudes. This is 

because the vibration caused by the train-induced local wind field is another important source for 

the hanger vibration besides the coupled vibration of the train and the bridge. 

 

 

    
(a) Load case 1 (b) Load case 2 (c) Load case 3 (d) Load case 4 

    
(e) Load case 5 (f) Load case 6 (g) Load case 7 (h) Load case 8 

Fig. 18 Correlations between the 1# hanger’s transverse dynamic/static displacement and the main 

girder’s transverse dynamic/static displacement for every load case 
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(a) Load case 1 (b) Load case 2 

Fig. 19 Correlation results of the 1# hanger’s longitudinal vibration amplitudes and the main girder’s 

transverse vibration amplitudes 

 

 

  
(a) Load case 1 (b) Load case 2 

Fig. 20 Correlation results of the 1# hanger’s transverse vibration amplitudes and the main girder’s 

transverse vibration amplitudes 

 

 

4. Conclusions 

 
In this study, an evaluation of train-induced hanger vibration in the Dashengguan Yangtse River 

Bridge is carried out using the field monitoring data. On the basis of the results obtained from this 

study, the conclusions that can provide reference for the similar kind of bridges are drawn as 

follows: 

 (1) The present work proposes a method to identify the load cases according to the relationship 

of responses of strain sensors and accelerometers in the SHM system of the bridge, and then the 

fine analysis of the hanger’s vibration characteristics are conducted based on 8 railway load cases.  

(2) The hanger’s three vibration parameters in each load case, i.e., dynamic displacement 

amplitude, dynamic load factor and vibration amplitude in the longitudinal and transverse 

directions respectively, have obvious probabilistic characteristics. However, they fall into different 

distribution functions.  

(3) There is good correlation between the hanger’s longitudinal and transverse dynamic 

displacement and the main girder’s transverse dynamic displacement in each load case, and their 
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relationships are shown in the hysteresis curves. However, there is no correlation between the 

hanger’s vibration amplitudes and the main girder’s vibration amplitudes. 

(4) With the same load (i.e., the same carriage number), the influences of carriageways on the 

hanger’s three parameters in both longitudinal and transverse directions are different. Transverse 

dynamic load factors in load cases close to the hanger are much larger than those in load cases far 

away the hanger; while dynamic displacement amplitudes and vibration amplitudes in both 

directions, and longitudinal dynamic load factors in load cases close to the hanger are smaller than 

those in load cases far away the hanger. 

(5) Influences of the carriage number on three parameters of the hanger in both longitudinal and 

transverse directions are different. For bidirectional dynamic displacement amplitudes, their values 

in load cases with a 16-carriage train are larger than those in load cases with a 8-carriage train; for 

bidirectional vibration amplitudes, their values in load case 1 are smaller than those in load case 3, 

but in the other load cases the influences of the carriage number are very small; for bidirectional 

dynamic load factors, their values in load cases with a 16-carriage train are smaller than those in 

load cases with a 8-carriage train. 
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