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The long-span suspension bridge has suffered frommultiple failures of restraints such
as supports, dampers, and expansion joints due to excessive accumulated
displacement at the girder end. To investigate the main girders’ characteristics in
the longitudinal motion of these bridges and the influence of the restraint device on
the longitudinal displacement, themotion characteristicswere first analyzed based on
the measured displacement data of a certain bridge’s main girder; a dynamic finite
element model of the bridge’s random traffic flowwas then established based on the
measuredWIMdata; combinedwith the girder enddisplacementmonitoring data, the
Euclidean distance was used to verify the correctness and rationality of the proposed
model; finally, the model is used to discuss the influence of restraint devices
(i.e., viscous dampers and supports) on the main girder in the longitudinal
direction. The results show that dynamic loads (such as vehicles and wind) are the
principal reasons for huge accumulated travel at the girder end; The viscous damper
can effectively control the longitudinal movement; in a certain range, the larger the
damping index, the better the control effect of the damper; meanwhile, the friction
coefficient of the support also affects the longitudinal motion, but the effect is limited.
When the friction coefficient is ≤ 0.03, the girder end’s cumulative displacement
gradually decreases with the increasing friction coefficient, and compared to the
damping index, the friction coefficient plays a major controlling role in the girder end
displacement; when the friction coefficient is >0.03, the damping index plays a major
controlling role in the girder end displacement.
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1 Introduction

Long-span suspension bridges are usually a full-floating or semi-floating structural
system, which has the advantage of greater structural flexibility and is conducive to
earthquake resistance. However, the stiffened girders will undergo high-frequency and
large-scale longitudinal motions under environmental excitation due to the low overall
stiffness. The excessive longitudinal cumulative stroke at the girder end causes the actual
service life of the auxiliary structure at the girder end to be far lower than the design service
life, reducing the bridge structure’s safety and durability (Chen and Wu, 2010; Guo et al.,
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2018). Current research shows that, in the bridge operation stage,
the traffic load causes constant reciprocal movement of the long-
span suspension bridge’s main girder end, and the massive
cumulative displacement will cause fatigue damage, insufficient
durability, and other problems of the restraint devices such as
expansion joints, dampers, and supports. In addition, the girder
end displacement is also an important parameter for the design and
selection of the key restraint device for the suspension bridge (Zribi
et al., 2006; Huang et al., 2021). Therefore, it is of great necessity to
study the longitudinal motion characteristics, influencing factors,
and control methods of long-span suspension bridges’ stiffened
girders under traffic loads to ensure their safe operation.

A certain highway bridge is a representative kilometer-scale
long-span suspension bridge in China. In the actual operation
process, the diseases like expansion joints damage, excessive wear
of support slides, oil leakage from dampers, etc. have occurred many
times, and the average daily cumulative displacement of the girder
end is up to 100 m (before installing the longitudinal damper) (Qu
et al., 2023). In order to analyze the longitudinal motion
characteristics of the large-span suspension bridge’s main girder
and the influence of the restraint device on the displacement, relying
on the aforementioned highway bridge, this paper established and
validated the dynamic finite element model of the suspension bridge
based on the measured girder end longitudinal displacement data
andWIM data. Based on this model, the influence of restraint device
parameters on the girder end in the longitudinal motion is analyzed,
which provides theoretical support for research on longitudinal
motion control of stiffening girder and performance
improvement of restraint device of a large-span suspension
bridge. It also guides restraint device disease monitoring based
on girder end displacement.

2 Characteristic analysis of the main
girder’s longitudinal measured
displacement

In the bridge’s monitoring system, the girder end displacement
in the longitudinal motion was continuously monitored using a pull-
rope displacement sensor. In order to master the frequency
spectrum characteristics of the main girder in the longitudinal
motion, according to the Wiener-Khinchin theorem, this paper
estimated the PSD (power spectrum density) for the longitudinal
monitoring displacement. For displacement signals Xn, its power
spectral density is:

Pxx ejω( ) � ∑∞
m�−∞

rxx m( )e−jωm (1)

Where: rxx(m) � E[X*
nXn+m], meaning the autocorrelation

function of displacement signals; Xn is displacement signals;
Pxx(ejω) is the power spectral density of displacement signals
Xn. It can be seen that the power spectral density of
displacement signals is the Fourier transform of its
autocorrelation function.

The Welch, periodogram, BT, MTM, and Burg methods are
widely used for power spectral density. Among these methods, the
maximum entropy spectrum estimation based on the Burg

algorithm is representative of modern spectrum estimation
methods. It has high-frequency resolution and strong spectrum
recognition ability. Therefore, this paper used the Burg algorithm
to perform the spectrum analysis on the measured longitudinal
displacement data of the bridge’s downstream girder end on
12 October 2020. The corresponding girder end displacement
time history curve and power spectrum are shown in Figure 1.

As shown in Figure 1, the bridge’s stiffening girder in the
longitudinal motion contains many high-frequency and low-
amplitude components, which can be mainly divided into two
parts from the perspective of spectrum characteristics, and the
corresponding frequency ranges are respectively 1.157 × 10−5Hz
and ≥ 0.1Hz. Existing research results show that the above two
parts of the frequency range respectively correspond to the
stretching deformation of the girder end caused by the diurnal
temperature difference (24 h as a cycle, frequency is
1/86400 � 1.157 × 10−5Hz) and the longitudinal forced
vibration of the girder end caused by dynamic factors such as
vehicles and wind loads, and the low-frequency displacement
vibration amplitude caused by temperature is significantly
greater than the high-frequency displacement vibration
amplitude.

Therefore, in order to further discuss the longitudinal
displacement characteristics of the bridge’s girder end, Empirical
Wavelet Transform (EWT) is adopted to resolve the displacement
time history based on spectral characteristics, and the longitudinal
displacement of the stiffened girder is decomposed into two
displacement components in different frequency ranges, as shown
in Figure 2, and the signal decomposition truncation frequency is
0.02 Hz (Yang and Cai, 2016).

Table 1 presents the statistical parameters of different
longitudinal motion components in Figure 2, which can be
seen that the statistical parameters of different longitudinal
motion components at the girder end differ greatly, and the
longitudinal motion amplitude and standard deviation caused by
temperature are significantly greater than the longitudinal
vibration response caused by dynamic factors. In addition,
according to the displacement component time-history curve,
the cumulative displacement caused by temperature and dynamic
factors is respectively 0.4 m and 118 m, indicating that dynamic
factors such as wind and vehicle load are the main factors
affecting the cumulative travel of the stiffened girder end.
Although the amplitude of the temperature displacement
component is large, its frequency is low, resulting in a small
cumulative displacement of the girder end, and it has little effect
on the performance degradation of the key restraint device
directly connected to the girder end. In addition, existing
research has found that wind load in the wind-vehicle-bridge
coupling system has little influence on the girder end
displacement when the long-span suspension bridge is under
normal wind, and the high-frequency and low-amplitude
vibration of the girder end is mainly caused by vehicle load
(Guo et al., 2015). Therefore, to further discuss the influence of
the restraint device on the main girder in the longitudinal
motion, the longitudinal displacement caused by thermal
expansion and cold contraction of the material can be
eliminated, and the simulated displacement of the girder
under traffic load is taken as the analysis object.
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3 The finite element simulation of the
main girder’s longitudinal motion

3.1 Simulation of traffic load

The vehicle load under bridge operation is complicated and
random (Liu et al., 2021), in order to reflect the vehicle load on the
bridge, the random traffic flow is perceived as the traffic load in the
finite element model analysis to ensure that the vehicle load can

include the probable various most adverse load combination so that
the analysis results are more suitable for bridge operation.

The simulation of random vehicle load should be carried out
based on the measured traffic flow data of the bridge, and the
probability distribution model and the statistical law of the vehicle
characteristic parameters are obtained using probability theory and
numerical methods to establish a random traffic flow model (Chen
et al., 2018). The mass of a certain identified vehicle is unchanged
when it is driving on the bridge, but the speed and location are

FIGURE 1
Longitudinal displacement time history curve and power spectrum of the girder end.

FIGURE 2
Displacement signal’s decomposition component and power spectrum.

TABLE 1 The statistical parameters of longitudinal motion components.

Displacement component Maximum (mm) Minimum (mm) Amplitude (mm) Standard deviation (mm)

Temperature displacement 23.9 −116.7 140.6 44.3

Dynamic displacement 57.5 −39.0 96.5 8.3
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changing with time, and its location is closely related to the vehicle
type, so the construction of the random traffic flow model requires
three main parameters, which are the vehicle type, vehicle speed, and
vehicle weigh. The random traffic flow simulation method is as
follows:

(1) Bridge vehicle types division: Based on the bridge’sWIM data in
the past year, vehicles are divided according to different axle
group types, and six basic vehicle types are distinguished. On
this basis, wheelbases of different vehicle types are determined
according to the measured wheelbase data and common
wheelbase parameters, as shown in Table 2. Statistics show
that the six basic vehicle types can cover all vehicles passing
through the bridge.

(2) Determination of statistical models for the weight and initial
velocity of different vehicle types: Analysis of the bridge’s weight
data reveals that the weight of each vehicle type exhibits a
multimodal distribution, and common distribution functions
such as normal and lognormal distributions are unable to fit the
data well. Therefore, this paper uses the Expectation-
Maximization algorithm to establish a probability statistical
model for the weight of vehicles based on a mixture of
Gaussian distributions, as shown in Figure 3. In addition, the
initial velocity is the basis for simulating the vehicle’s

performance on the bridge and plays a decisive role in the
travel time of vehicles on the bridge. Based on the distribution
characteristics of velocity data, this paper uses the t-distribution
to establish a probability statistical model for the initial velocity,
as shown in Figure 4.

(3) Random vehicle load simulation: Traffic load simulation mainly
simulates the generation of random vehicles and the following
situation of vehicles on the bridge deck. Among them, the
simulation of random vehicle generation aims to determine
the size of the traffic load; the simulation of vehicle following
conditions considers the mutual influence between vehicles, and
the vehicle following model can be used to calculate the
acceleration of vehicles at any time. By leading into the
vehicle’s initial speed and arrival time, the position of the
vehicle in the direction of travel on the bridge deck can be
determined. Relevant studies have shown that the vehicle arrival
process follows the Poisson point process of arrival rate λ, the
formula for calculating the arrival rate is shown in Eq. 2; The
position of vehicles in the transverse direction of the bridge is
mainly selected based on the lane distribution characteristics of
the vehicles. This article determines the lane selection
characteristics of the bridge based on the bridge WIM data,
as shown in Table 3.

TABLE 2 Vehicle type classification.

Vehicle type Axle group diagram Proportion (%) Wheelbase(m)

1 81.51 2.889

2 0.88 5.265 + 1.315

3 1.89 1.894 + 5.068

4 4.27 1.881 + 4.544+1.337

5 1.32 3.530 + 6.581+1.307 + 1.307

6 10.13 3.169 + 1.411+6.581 + 1.307+1.307

FIGURE 3
Probability distribution model of vehicle weight. FIGURE 4

Probability distribution model of vehicle speed.
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λ � Qh

3600
(2)

Where: Qh is the average hourly traffic volume during the
simulation period.

In a word, the main process for establishing a stochastic vehicle
flow dynamic model is as follows:

①Determine bridge traffic volume based on statistical data of
bridge traffic flow during simulation periods; ②Based on the traffic
volume and simulation duration, the number and arrival time of
vehicles are generated according to the Poisson point process theory;
③Determine a statistical model for vehicle parameters based on
WIM data, and use the Monte Carlo method to generate a vehicle
model library containing vehicle information parameters; ④Based
on the vehicle model library containing vehicle information
parameters, vehicle arrival time, and initial speed, the vehicle
operation program based on the vehicle following theory can
calculate and obtain the load data (i.e., vehicle flow data) of each
bridge node under each load step; ⑤Load the traffic flow data into
the finite element model and perform transient dynamic analysis,

extract the longitudinal displacement time history of the beam end
for subsequent research.

3.2 Dynamic model updating and inspection

Figure 5 shows the suspension bridge’s three-dimensional finite
element model established using ANSYS. The main girder was
simulated using Beam188 elements, while the main cables and
suspender cables were simulated using Link10 elements. The end
of the main cables and the bottom of the bridge tower were all
solidified, the main tower and the main cables obeyed the master-
slave constraint relationship at the top position of the tower, and the
main cables and suspender cables shared the same node at the cable
clamp, suspender cables shared the same node with the main girder
at the lifting point, the support was simulated by elastic support, and
the girder end dampers were simulated by the Combin37 unit based
on the kelvin model (Hu et al., 2020). The girder end displacement
simulation under traffic load is carried out by loading the dynamic
random traffic flow data obtained based on the above traffic load

TABLE 3 Lane distribution (%).

Vehicle type Fast lane (inside lane) Middle lane Slow lane (outside lane)

1 51.88 36.65 11.47

2 10.09 39.03 50.88

3 0.39 50.34 49.27

4 3.82 51.05 45.13

5 0.56 41.71 57.73

6 0.05 25.98 73.97

FIGURE 5
The bridge’s finite Element Model.
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simulation method into the finite element model for transient
dynamic analysis.

In addition, in order to ensure that the longitudinal simulated
motion of the main girder under random traffic flow accords with
the actual operating condition of the bridge, the model was updated
by adjusting the girder end restraint parameters based on the
mechanical performance test results of the bridge’s the restraint
device.

Based on the bridge’s service support, the mechanical properties
of the support are tested by changing the state of the wear plate, and
the corresponding hysteresis curve is obtained as shown in Figure 6,
which shows that the wear plate’s friction coefficient of the support
is 0.011 under the condition of new silicone grease coverage, which
satisfies the specification limit of 0.03. While the friction coefficient
of support with a service life of 3.5 years is 0.057, which is much
larger than the specification value, and significantly larger than that
under the condition of no silicone grease or severe wear (0.028/
0.047), indicating that the bridge support with a service life of
3.5 years is not in the service condition of no silicone grease or severe

wear, and the significant increase of its friction coefficient mainly lies
in the hydrolysis of silicone grease and foreign matter inclusions.
The changing trend of the friction coefficient during the support
service process is shown in Figure 7. Since the support’s service life is
about 2.5 years when the dampers are installed, the friction
coefficient of the model support is taken to be 0.03 as a result of
the above test.

The bridge’s health monitoring results showed that its main
girder movement velocity is less than 10 mm/s, as shown in Figure 8.
The mechanical performance experiment of the bridge’s viscous
damper shows that the mechanical relationship of the damper before
and after service under low-speed conditions (<10 mm/s) do not
satisfy its design constitutive relationship, and the damping force
under low-speed conditions is smaller than the design value, as

FIGURE 6
Hysteresis curve of the bridge’s service support.

FIGURE 7
Variation of friction coefficient during the support’s service.

FIGURE 8
Measured girder end motion speed.

FIGURE 9
Damping force versus velocity.
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shown in Figure 9. Therefore, the damping index of the damper in
the model is adjusted to 1,000 kN/(m/s)α (smaller than the design
value), and the adjusted damping force is consistent with the test
results, as shown in Figure 9, and the velocity index is the design
value of 0.3.

To validate the accuracy of the dynamic analysis model,
Figure 10 compares the time-domain curves of the girder end’s
simulated longitudinal displacement and the measured high-
frequency longitudinal displacement (obtained based on the EWT
method). It can be seen that the two time-domain curves are
relatively similar in fluctuation.

To quantitatively evaluate the similarity between the simulated
displacement and the measured displacement, this paper uses the
Euclidean distance as the corresponding index. The expression for
calculating the Euclidean distance is as follows:

‖ d ‖�
������������∑n

i�1 xi − yi( )2√
(3)

Where xi and yi are the vectors of the two types of signals; the
smaller the Euclidean distance, the more similar the two signals. The
calculated similarity between the simulated displacement and the
measured displacement is 0.1634, indicating that the two signals
have a high degree of similarity. Therefore, it can be concluded that
the finite element model under random traffic loads established in
this study can well simulate the dynamic displacement response of
the girder end.

4 Influence of constraint device on
girder end displacement

4.1 Effect analysis of viscous damper

The significant longitudinal displacement of a long-span
suspension bridge’s stiffening girder under dynamic load is
characteristic of its structure itself. To control the stiffening
girder end displacement response and prolong the service life of
expansion joints, bearings, and other components, viscous dampers
are usually installed longitudinally at the joint of the tower and
girder (Zhao et al., 2020). For analyzing the influence of viscous
dampers on the main girder’s longitudinal motion, based on the
above finite element model under random traffic flow and the
measured data of the bridge, this paper compares and analyzes
the displacement of the girder end before and after installing
dampers to verify the control effect of viscous dampers on the
girder end’s longitudinal motion.

Figure 11 shows the finite element simulated longitudinal
dynamic response of the girder end with random traffic flow
before and after installing dampers. As can be seen, the
amplitude of the longitudinal displacement response is reduced
to a certain extent after the damper is installed, and the
cumulative stroke of the girder ends in 10min before and after

FIGURE 10
Comparison of longitudinal simulated displacement and
measured displacement at girder end.

FIGURE 11
Simulated displacement of the girder end before and after damper installation. (A) Longitudinal displacement time history of girder end (10 min). (B)
Longitudinal cumulative displacement of the girder end.
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the damper is installed is also reduced from 0.96 m to 0.83 m, with a
reduced range of 14%, indicating that the installing of the viscous
damper can effectively suppress the high-frequency displacement of
the girder end caused by vehicle load.

Comparing the longitudinal monitoring displacement power
spectrum of the girder end before and after installing the damper in
the bridge, it can be seen that the amplitude of the high-frequency
band in the displacement power spectrum and the details amplitude
of longitudinal vibration at the girder end are reduced after installing
dampers, as shown in Figure 12. The change tendency is consistent
with the above simulation results, further verifying the accuracy and
rationality of the above dynamic model.

4.2 Sensitivity analysis of damper parameters

The energy dissipation principle of viscous damper mainly lies
in that hydraulic oil passes through the damping hole under the
action of pressure difference to generate damping force, and its
expression of damping force is:

P � C · sgn v( ) v| |α (4)
Where v is the velocity, C is the damping index, and α is the

velocity index. It can be seen that when the velocity index is
constant, the damping force increases with the increase of the
damping index; when the damping index C is constant, the
damping force decreases with the increase of velocity index α

under the condition that v< 1m/s, the damping force increases
with the increasing velocity index α under the condition that
v> 1m/s (Zhao et al., 2020).

At present, viscous dampers have been widely used in long-span
bridges at home and abroad, but the selection of damper parameters
is often determined according to subjective experience, and there is
no clear unified standard. Therefore, the influence of damping
indexes on the dynamic response of the girder end is further
discussed based on the finite element model of random traffic

flow, that is, the velocity index is 0.3, and the damping
indexes were separately set to 1000、2000、4000、6000 and
8000 kN/(m/s)α.

The variation curves of the girder end’s longitudinal
cumulative displacement at different damping indexes are
compared, as shown in Figure 13. It is shown that the damping
index is positively correlated with the control effect when the
speed index is constant, that is, the greater the damping index, the
better the dampers suppress the girder end in the longitudinal
motion, and the cumulative longitudinal displacement of the
girder end is reduced by 21% when the damping index is
increased from 1,000 to 8,000 kN/(m/s)0.3. In addition, Table 4
gives the 10min cumulative displacement and displacement
control rate under different damping indexes, and the results
show that with the increase of damping index, the cumulative
displacement and its control rate gradually smooth out, and the
displacement control effect is optimal when the damping index is
4,000 kN/(m/s)0.3. It is clear that after the damping index increases
to a certain degree, the control effect of the damper on the girder
end displacement does not improve significantly, and the damping
index is too large will lead to the damper in a long-term high-load
working condition, which is not conducive to the durability of the
member, and to a certain extent will also change the force
characteristics of the suspension bridge. Therefore, the optimal
value should be selected according to the code and the results of
dynamic response analysis when refining the design of suspension
bridge girder end dampers.

4.3 Sensitivity analysis of support
parameters

The existing studies have shown that support friction also has a
certain inhibitory effect on girder end displacement, and its effect
cannot be ignored (Huang et al., 2021). In order to further obtain the
influence of support friction resistance on the displacement of the

FIGURE 12
Measured displacement of the girder end before and after installing the damper. (A)Comparison of the power spectrum ofmonitoring displacement
at the girder end. (B) Comparison of measured dynamic displacement at the girder end.
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girder end, this paper quantifies the degree of sensitivity of support
parameters by comparing the cumulative displacement of the girder
end under different support friction coefficients. Referring to the
support test results in Figure 7, the friction coefficients of the
support in the dynamic model are selected as 0.01~0.07, and the
trend of the cumulative displacement of the girder end under
different friction coefficients is shown in Figure 14. It can be
seen that the cumulative displacement of the girder end decreases
obviously with the increase of the friction coefficient and then tends
to a stable value, which indicates that the control effect of the
support friction on the girder end’s longitudinal motion is limited.
That is, when the friction coefficient is within the range of 0~0.03,
the increase of the friction coefficient has an obvious control effect
on the main girder in the longitudinal displacement; While after the
friction coefficient is greater than 0.03, the increase of the friction
coefficient has little effect on the main girder in the longitudinal
displacement, and the cumulative displacement of the girder end
only fluctuates slightly, as shown in Table 5 In addition, it is
observed that after the friction coefficient of the support is
greater than 0.03, the displacement of the girder increased. The
reason is that the limited friction resistance of the support is
relatively large, which may cause the main girder to be in a
temporary equilibrium state during longitudinal motion.

However, due to the friction resistance of the support is still not
enough to completely suppress the main girder in the longitudinal
motion, the sudden imbalance state of the main girder will generate
a shock effect to excite longitudinal vibration, causing an increase in
the displacement of the girder end, The calculation results indicate
that the increase is very small and its impact can be ignored.
Therefore, in bridge operation, whenever the service time of the
bearing increases, the friction coefficient of the support firstly
increases and then decreases, which causes the cumulative
displacement of the main girder to decrease significantly and
then stabilize, and the actual monitoring data also prove the
correctness of this conclusion, as shown in Figure 15.

From the analysis of the control effect of the constraint device
parameters, in the early stage of service of the support (friction
coefficient<0.03), compared with the damping index, the increase in
friction coefficient of the support has a relatively better effect on the
displacement of the girder end, that is, the friction coefficient
increases by four times (0.01–0.04), and the displacement control
rate is 28%, while the damping coefficient increases by four times
(1,000 kN/(m/s)α to 4,000 kN/(m/s)α), and the displacement
control rate is only 12%; After about 2 years of service support
(friction coefficient>0.03), the change in friction coefficient of the
support has little impact on the displacement of the girder end, while

FIGURE 13
Effect of damper parameters on cumulative displacement at the
girder end.

TABLE 4 Cumulative displacement of girder end under different damping indexes.

Damping index [(m/s)0.3] Accumulated displacement in 10 min (m) Displacement control rate

0 0.96 -

1,000 0.83 13.8%

2000 0.78 18.7%

4,000 0.72 24.6%

6,000 0.69 28.5%

8,000 0.66 31.5%

FIGURE 14
Effect of friction coefficient of support on the girder end’s
cumulative displacement.
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the damping index plays a main control role on the displacement of
the girder end.

5 Conclusion

Taking a certain highway bridge as an example, this paper
establishes and tests a bridge random traffic dynamic analysis
model based on the monitoring data and WIM data, and the
constraint device parameters’ sensitivity analysis is also
conducted based on the model. The analysis results show that:

(1) The longitudinal movement at a long-span suspension bridge’s
girder end is mainly caused by temperature changes, vehicles,
wind loads, etc. The frequency range of longitudinal
displacement can be divided into two parts: 1.157 × 10−5Hz
(caused by temperature) and ≥ 0.1Hz (caused by dynamic
factors, i.e., vehicles, wind loads, etc.). The high-frequency
and low-amplitude dynamic displacement component is the
main reason for the huge accumulated travel of the girder end.

(2) Based on the measuredWIM data of the bridge, a random traffic
flow model can correctly and reasonably simulate the long-span
suspension bridge’s girder end in the longitudinal motion under

the action of vehicle load, and its motion characteristics are
highly similar to the measured data.

(3) The viscous damper of the long-span suspension bridge can effectively
control the girder end’s longitudinal movement, and the damping
index is non-linearly and positively correlated with the control effect,
that is, the control effect gradually stabilizes as the value of the
damping index increases. Therefore, the optimal value of damping
indexes should be selected according to the code and the results of
dynamic response analysis when refining the design of suspension
bridge girder end dampers. In this article, the optimal value of bridge
damping index is recommended to be 4,000 kN/(m/s)0.3.

(4) The increase of the friction coefficient of the vertical support of
the suspension bridge can inhibit the girder end in the
longitudinal motion to a certain extent, but with limited
effect, when the friction coefficient is greater than 0.3, its
change has little effect on the displacement of girder end.

(5) In terms of the friction coefficient and the damping index, in the
early stage of service support (friction coefficient<0.03), the
friction coefficient plays a main control role on the displacement
of the girder end, while after about 2 years of service support
(friction coefficient>0.03), the damping index plays a main
control role on the displacement of the girder end.
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TABLE 5 Cumulative displacement of girder end under different friction coefficients.

Friction coefficient Cumulative displacement (m/10min) Displacement control rate

0.01 1.004 -

0.02 0.739 26.4%

0.03 0.722 28.1%

0.04 0.725 27.8%

0.05 0.729 27.4%

0.06 0.727 27.6%

0.07 0.727 27.6%

FIGURE 15
Cumulative displacement change of girder end monitoring.
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