
Experimental study on the
influence of maintenance track
position on vortex-induced
vibration performance of a box
girder suspension bridge

Chunguang Li1, Hubin Yan1, Minhao Zou1, Yan Han1*, C. S. Cai2

and Long Wang1

1School of Civil Engineering, Changsha University of Science and Technology, Changsha, Hunan, China,
2Department of Bridge Engineering, School of Transportation, Southeast University, Nanjing, China

To study the influence of maintenance track on the vortex-induced vibration (VIV)
performance of main girder, the VIV response and time history of surface pressure
data of a section model were obtained by wind tunnel vibration and pressure
measurements for a large-span steel box girder suspension bridge. The VIV
performance of the main girder was tested at ±5° attack angles of various
maintenance track positions, including 1, 2.5, and 5 m away from the outer
edge of the girder bottom plate. The mean values, root variances and
amplitude spectra of vortex-induced force and the correlation and
contribution coefficients of local aerodynamic force to overall aerodynamic
force were analyzed. The results show that when the maintenance track is 1 m
away from the outer edge of the bottom plate, the main girder exhibits the worst
VIV performance with a maximum amplitude of 0.457 m, far beyond the allowable
value of the specification. The VIV performance of the main girder was greatly
improved by moving the maintenance track inward. The pressure analysis
indicates that the large pressure fluctuation at the front and rear parts of the
upper surface is attributed to the strong VIV of the main girder. In this sense, the
improved VIV performance is mainly contributed by the weakening of pressure
fluctuation in these two areas and the reduced local aerodynamic force. When the
distance between the maintenance track and bottom plate is adjusted to 2.5 m, a
3.5 m wind barrier with a ventilation rate of 30% effectively inhibits the VIV of the
box girder. The main reason for the suppression is that the elimination of pressure
fluctuation on the upper surface of the girder disturbs the correlation between
local aerodynamic force and overall aerodynamic force, consequently diminishing
the contribution of local aerodynamic force to the vortex-induced force.
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1 Introduction

Vortex-induced vibration (VIV) is a common form of wind-
induced vibration in long-span bridges. Specifically, the wind flows
through the main girder roll up the boundary layer of the main
girder and the flow separation generates vortex shedding. VIV will
occur when the vortex shedding frequency is close to the natural
vibration frequency of the girder (Gao et al., 2021; Ge et al., 2022),
and noticeable cases have been observed over some large-span
bridges (Battista et al., 2000; Fujino and Yoshida, 2002; Li et al.,
2014). Vertical VIV often arises over large-span bridges under the
frequent low wind speed since the vertical bending frequency of the
bridges is usually lower than the torsional frequency (Li et al., 2014;
Zhao et al., 2022). Large-scale vertical VIV is prone to affect driving
safety; in particular, its high tendency to induce public panic has
been widely concerned by society (Liu et al., 2022). In this sense,
research on wind resistance has concentrated on the VIV over long-
span bridges.

Vortex shedding is generally related to the aerodynamic shape of
the girder, wind attack angle, incoming wind speed, etc., and the
VIV performance over long-span bridges is also affected by mass-
damping parameters. Scholars have investigated VIV and its
suppression over long-span bridges. The main research methods
include wind tunnel tests (Xu et al., 2016), numerical simulations
(Nguyen et al., 2018) and theoretical modeling (Zhu et al., 2017; Xu
K. et al., 2020). Based on these studies, aerodynamic measures such
as deflectors, stabilizer plates, guide vanes and separators are widely
used in bridges. Ancillary facilities, involving railings and
maintenance tracks, affect the VIV performance of the main
girder. For example, adding railings leads to the poorer VIV
performance of the main girder compared with the bare girder.
Nagao et al. (1997) pointed out that the VIV performance was
influenced by detailed modification of the main girder. Li M. et al.
(2018) conducted wind tunnel tests to study the influence of the
position of the maintenance track and the wind barrier permeability
on the vortex-induced vibration performance of a streamlined box
girder. They found that the maximum suppression effect of moving
maintenance track position can be 30.1%, and the wind barrier with
a 41.0% permeability can reduce the heaving VIV amplitude by
45.3%. In summary, changes in the auxiliary component position
and ventilation rate of railings or wind barriers can improve the VIV
performance of the main girder.

Optimizing the fairing shape can improve the VIV performance
of the main girder of box girder bridges. Considerable experimental
studies have concluded that the sharper fairing showed a better VIV
performance of the main girder (Larsen, 2008; Wang, 2013; Li YL.
et al., 2018). A simplified rectangular structure with fairings at both
ends is favorable for examining the VIV mechanism of the box
girder (He et al., 2017; Montoya et al., 2018) by studying the flow
field around it. The most ideal method to explore the inherent
mechanism of VIV is to conduct flow field tests in a wind tunnel,
such as PIV (Chen et al., 2019). However, due to the limitations of
experimental conditions, obtaining flow field information mainly
relies on wind tunnel pressure measurements and numerical
simulations (Xu et al., 2016; Hu et al., 2018; Zhang et al., 2022).
On-site measurement data is precious to researchers, but on-site
testing is constrained by many factors, and only a few research

institutions have the conditions for that (Zhao et al., 2022). It is
worth mentioning that Xu F. et al. (2020) proposed a new method,
which is a large-scale aeroelastic model test in natural wind. This
method may compensate for the shortcomings of on-site
measurements. Zhang et al. (2022) revealed the unstable flow
mode of streamlined box girder at Re = 4 × 104 through the
numerical simulation, pointed out two primary streamwise
vortex-induced shedding modes, namely, the impinging leading-
edge vortex shedding and the trailing-edge vortex shedding and
investigated their interaction in the near wake. This finding explains
that the locking regions in the main girder are caused by the
impinging leading-edge vortex shedding instability. Hu et al.
(2018) analyzed the evolution law of aerodynamic forces of
streamlined box girders through surface pressure measurements.
They proposed that the VIV at the attack angle of +3° was mainly
due to the contribution of aerodynamic forces near the downstream
of the upper surface to the vortex-induced aerodynamic force. Xu
et al. (2016) compared the VIV performances of the box girder
under uniform and turbulent flow conditions. Using a deflector
successfully controlled the torsional VIV, and the VIV performance
was reduced using the guide vane. The exploration of pressure
fluctuation variations shows that the vortex on the upper surface of
the girder can be eradicated by the deflector and is free from the
impact of aerodynamic shape optimization of the lower surface. Hu
et al. (2019) studied the mechanism of VIV suppression of the box
girder by adding small-scale components to the bridge, but they did
not consider the maintenance track location.

The research object of this paper is a streamlined steel box girder
with a large width-to-height ratio. The vortices caused by leading edge
separation and the new vortices formed at the trailing edge may lead
to VIV. This study aims to explore the impact of the location of the
lower-surface ancillary facilities (maintenance track) on the VIV
performance of the main girder. Considering aesthetic factors, the
commonly-used deflector was substituted with a wind barrier to
analyze its impact on the VIV performance of the main girder and
explore the flow field changes of the main girder through surface
pressure measurements. The distribution of average pressure and
pressure fluctuation, vortex-induced aerodynamic characteristics and
local aerodynamic force contribution to the overall aerodynamic force
were revealed. The vortex shedding mechanism of the box girder was
studied, and the generation and internal mechanism of the vortex
were analyzed in combination with the vibration suppression
measures. The summarized findings can provide references for
VIV suppression over similar bridges.

2 Background

The investigated large-span suspension bridge is built in China
with a main span of 808 m, as shown in Figure 1. The rise-span ratio
of the main cable is 1:10, and the main girder section is a streamlined
steel box girder section. The stiffening beam is 39.6 m wide and
3.0 m high with a width-to-height ratio of 13.2. The bridge deck is
equipped with four anti-collision guardrails, and two maintenance
tracks are symmetrically arranged on the bottom plate of the main
girder. The elevation of the bridge and standard cross-section of the
main girder are shown in Figures 1, 2.
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3 Wind tunnel experiments

3.1 Experimental setup

The girder section model was tested in the high-speed section of
the wind tunnel laboratory at Changsha University of Science and
Technology. The test section is 21.0 m (length) × 4.0 m (wide) ×
3.0 m (high). The wind speed was continuously adjusted from 1.0 to
45.0 m/s.

The main girder model measures 1.55 m (length) × 0.792 m
(width) × 0.06 m (height) with a scale ratio of 1:50. The blocking rate

of the main girder model test is lower than 3%, in agreement with the
specifications of wind resistance. The skeleton of the main girder
model is made of square stainless-steel pipes and coated with high-
quality wood to ensure a consistent geometric shape. The wind
barrier is 3.5 m high, with an air permeability of 30%. To verify the
binary characteristics of airflow near the main girder, acrylonitrile
butadiene styrene plates were used at both ends of the model. The
processing materials for the rest components and end plates were
identical. The present investigation guaranteed the geometric
consistency of ancillary facilities and considered the railing
ventilation rate. The main experimental parameters of the section

FIGURE 1
The elevation of the bridge (unit: m).

FIGURE 2
Standard cross-section of the main girder (unit: mm).

TABLE 1 Experimental parameters of girder section model.

Parameters Prototype Scale ratio Model design values Model measured values

Length — — 1.540 1.540

Width 39.60 1/50 0.792 0.792

Height 3.00 1/50 0.060 0.060

Vertical frequency 0.1816 — 4.705 4.883

Torsional frequency 0.3895 — 9.277 9.475

Damping ratio — — — 0.28

Wind speed ratio — — 1:2.36 1:1.89
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FIGURE 3
The local layout of the maintenance track for wind tunnel tests.

FIGURE 4
Schematic diagramof the testing cases:maintenance track spacing of (A) 1 m, (B) 2.5 m, (C) 5 m, (D) 2.5 m+ awind barrier with a 30% ventilation rate
(unit: mm).

FIGURE 5
Layout of pressure measuring points on the section.
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model are shown in Table 1. The local layout of the maintenance
track for wind tunnel tests and the testing cases are shown in Figures
3, 4 respectively.

A total of 57 pressure measuring points were arranged at the
center of the section model with a dense layout at the wind field
featured by dramatic changes (Figure 5) to obtain the pressure
fluctuation data on the model surface. The pressure time history of
each measuring point was synchronously collected through the PSI

electronic pressure scanning valve with model 16TC/DTC. The
sampling frequency and duration were 330 Hz and 60.60 s,
respectively. A total of 20,000 data were collected from each
measuring point and corrected using the frequency response
function of the pressure measuring pipeline. The displacement
signal was obtained through two laser displacement meters
symmetrically placed on the beam bottom plate. The sampling
frequency and time were 500 Hz and 40 s, respectively. The
incoming wind speed was monitored by a cobra anemometer in
front of the model.

Wind tunnel tests were carried out in a uniform flow field, and
the VIV performance under ±5° angles of attack were tested. Given
that the strong vertical VIV occurred at a +5° angle of attack, the
subsequent research was completed at this angle of attack.

3.2 VIV results

Figures 6, 7 show the curves of the vertical displacement of the
main girder changing with the wind speed over the actual bridge
with a wind barrier at different maintenance track locations. It can
be seen from Figure 6 that when the maintenance track is 1 m away
from the outside, the girder section has an extremely strong vertical
VIV in two wind speed intervals with amplitudes and corresponding
wind speed ranges of 0.14 and 0.457 m and 6.41–8.13 and
11.77–17.47 m/s, respectively. According to the Chinese wind
resistant specification (JTG/T3360-01-2018) (China’s Ministry of
Transportation, 2018), the amplitude limit of the vertical VIV is
(hv) = 0.04/fv = 0.22 m. The root mean square (RMS) form is
adopted in this paper, so the allowable value is 0.155 m. The
amplitude during the second wind speed interval is about
2.93 times higher than the allowable value. With the
maintenance track moving inward, the VIV amplitude in both
wind speed intervals decreases significantly with a shortened
range of wind speed. Specifically, the wind speed ranges are
6.41–7.8 and 12.23–16.91 m/s at the distance of 2.5 m and
6.41–7.8 and 12.82–15.50 m/s at a spacing of 5 m. The maximum
amplitude is reduced to 0.205 m, about 1.315 times the allowable
value of the specification, and it is reduced by about 55% compared
to the original section. The observations indicate that the VIV of the
box girder is sensitive to the location of the maintenance track, and
the track with a longer distance away from the outside of the bottom
plate exhibits a more significant controlling effect on VIV. Figure 7
displays that when the maintenance track is 2.5 m away outside the
bottom plate, the wind barrier with a 30% ventilation rate has an
excellent inhibitory effect on the VIV of the main girder, and the
additional wind barrier adequately controls the VIV of the bridge.
The amplitude well meets the specification requirements.
Subsequently, we tested the VIV performance of the main girder
at other angles of attack and found that no vibration occurred.

4 Aerodynamic evolution
characteristics

The spatial distribution of the fluctuating pressure data on the
section model surface can reflect the aerodynamic distribution and
evolution characteristics of the beam under different working

FIGURE 6
Relationship between VIV amplitude and wind speed under
different maintenance track positions at a +5° angle of attack.

FIGURE 7
Relationship between VIV amplitude and wind speed under
working conditions as follows: a wind barrier with a 30% ventilation
rate, maintenance track spacing of 2.5 m, and an attack angle at +5°.
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conditions. For this reason, many scholars have applied pressure
measurement tests in wind tunnels to explore the mechanism
affecting the VIV of long-span bridges.

4.1 Mean value of pressure coefficient

The separation and reattachment of airflow on the girder surface
were judged by the mean pressure coefficient distribution of each
measuring point on the model surface. Figure 8 shows the mean
pressure values under the wind speed corresponding to the
maximum amplitude of each test condition. The pressure
coefficient of measuring point (i) is defined as:

Cpi t( ) � pi t( )
0.5ρU2

0

(1)

where pi(t) is the wind pressure time history of i, ρ is the air density,
U0 is the average wind speed under corresponding working
conditions, and Cpi(t) is the time history of wind pressure
coefficient of i.

It can be seen from Figure 8A that the mean pressure coefficient
on the upper surface of the beam shifts from positive values at
measuring point 2 to negative values at measuring point 3. The main
reason is that the incoming flow is separated from the railing near
the wind fairing. The areas on the upper surface of the main girder
(measuring points 3–26) are in a negative pressure state except the
wind fairing area on the windward side of the bridge deck, which
indicates that the separated flow in the railing area remains detached
in the area behind the upper surface. With the inward movement of
the maintenance track, the positive pressure in the windward side
fairing area on the upper surface increases to varying degrees, and
the negative pressure in other areas of the main girder shows a
decreasing trend. When the maintenance track is 2.5 m away from

the outer edge, a wind barrier with a 30% ventilation rate is placed on
the surface of the main girder. The positive pressure of the wind
fairing area increases sharply, and the negative pressure (measuring
points 3–5) decreases to a large extent. The reason for this
phenomenon may be the obstruction of airflow by wind barriers,
or even backflow.

As is shown in Figure 8B, when the maintenance track on the
lower surface of the main girder is 1 m away from the outer edge, the
mean pressure coefficient at measuring point 53 changes from a
positive value to a negative value, which indicates the incoming flow
is separated at the junction of the windward inclined web and the
bottom plate. With the maintenance track moving inward, the
position where the wind pressure coefficient changes from
positive values to negative values moves forward (from point
51 to 50 and then to point 48); the positive value of the inclined
web area on the windward side decreases. The downstreammutation
point is also altered. Relocation of the maintenance track can cause a
sharp jump in the mean pressure coefficient at the two measuring
points near the maintenance track, and its inwardmovement slightly
raises the absolute value of the pressure coefficient. However, when
the maintenance track is arranged 2.5 m from the outer edge of the
bottom plate, the addition of the bridge deck wind barrier does not
change the spatial distribution of the pressure on the lower surface
and only slightly increases the negative pressure there.

Figure 9 shows the vertical VIV response for various locking-in
ranges, and the blue and red dots represent the wind speeds used to
analyze the evolution of aerodynamic pressure in two lock-in ranges,
respectively. In the 1st lock-in range, the selected wind speeds are
6.41, 7.27, 7.80, and 8.14 m/s, respectively. In the 2nd lock-in range,
the wind speeds of 11.34, 12.30, 14.42, 16.55, and 16.91 m/s are
selected, including the initial VIV point, midpoint of ascent stage,
extreme amplitude point, point of descent stage, and ending VIV
point. To study the non-linear evolution characteristics of

FIGURE 8
Comparison of the mean value of pressure coefficient: (A) Upper surface, (B) Lower surface.
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aerodynamic forces around a box girder during the whole VIV-
development process, this section shows the mean value of pressure
coefficient in different VIV stages, as shown in Figure 10. It can be
seen that the variation trends of the surface pressure coefficient of
the main girder are basically the same under different wind speeds,
and the values are not significantly different. These indicate that the
airflow around the surface of the box girder does not change with the
VIV amplitude. It is worth noting that in the 2nd VIV lock-in range,

the pressure amplitude at point 51 on the lower surface changes
significantly, which may be due to the impact of the maintenance
track on the downstream vicinity.

4.2 RMS value of pressure coefficient

The spatial distribution of the root mean square (RMS) of the
pressure coefficient on the surface of the section model can clearly
reflect the strength of the surface pressure fluctuation.

It can be seen from Figure 11A that when the main girder
undergoes VIV, the trend of pressure fluctuations on the upper and
lower surfaces is basically consistent. At the +5° attack angle,
significant vortices curled up near the windward side of the
upper surface, leading to a clear range of pressure fluctuations.
The pressure fluctuation is relatively low in the middle position.
However, with the movement and development of the boundary
layer and shear layer airflow on the surface of the main girder, a
stronger pressure pulsation zone is formed at the rear. Strong
pressure fluctuations appear in the front (measuring points 2–13)
and rear (measuring points 15–23) of the upper surface, with those
in the rear area being significantly more intense. The pressure
fluctuations may be an important factor for the strong VIV of
the model.With the inwardmovement of the maintenance track, the
pressure fluctuations in the two areas and the VIV of the main girder
are greatly reduced. When themaintenance track is 2.5 m away from
the edge of the bottom plate and the wind barrier with a 30%
ventilation rate is installed, the strong pressure fluctuations in these
two areas on the upper surface of the main girder disappear.

Due to the relocation of the maintenance track, the position of
the peak RMS of the lower surface pressure coefficient changes, as
shown in Figure 11B. As the air flows downstream, the pressure

FIGURE 9
Vertical VIV responses for various lock-in ranges.

FIGURE 10
Mean value of pressure coefficient in different VIV stages: (A) Upper surface, (B) Lower surface.
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coefficient on the lower surface gradually increases, forming strong
pressure fluctuation near the downstream maintenance track and
the lower web plate. The RMS of the pressure coefficient in a certain
area decreases to varying degrees with the inward movement of the
maintenance track. The pressure fluctuation near the maintenance
track is strong, but its influence scope is limited. However, when the
wind barrier is added and the maintenance track is 2.5 m away from

the outer edge, the RMS of the pressure coefficient is significantly
lower than the value under other working conditions. In Figure 11B,
the pulsating pressure coefficient of the maintenance track at a
distance of 1 m from outerside has increased to a certain extent in
the leeward inclined web area, which should be caused by the vortex
formed at the downstream web shedding and entering the wake.
Based on the free vibration test results of the section model, it can be

FIGURE 11
Comparison of RMS value of pressure coefficient: (A) Upper surface, (B) Lower surface.

FIGURE 12
RMS of pressure coefficient in the 1st lock-in range: (A) Upper surface, (B) Lower surface.
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seen that the RMS of the pressure coefficient depends on the VIV
amplitude.

In the 1st and 2nd lock-in range, the RMS of the surface pressure
coefficient of the girder varies with wind speed as shown in Figures 12,
13. There is a significant difference in the VIV excitations and VIV-
sustained mechanisms between the two lock-in intervals. At the same
time, there are obvious evolutionary characteristics of fluctuation
pressure in each stage of VIV in two ranges. From Figure 12, it can be
seen that in the 1st lock-in range, the overall wind pressure fluctuation
on the upper and lower surfaces of the girder is strong, and decreases
as the wind speed decreases. As shown in Figure 13, in the 2nd lock-in
range, the pressure distribution trends at each stage are basically
consistent when the girder experiences VIV, which also indicates that

it is reasonable to only compare the pressure distribution at the
extreme point of different working conditions. When the girder does
not experience VIV, the pressure fluctuations on the upper and lower
surfaces are relatively low. In the ascent stage, the pressure fluctuation
in the front and rear of the upper surface is significantly enhanced, and
there is also significant pressure fluctuation near the inclined web of
the lower surface. However, when the wind speed reaches 14.42 m/s,
corresponding to the extreme amplitude point, the pressure
fluctuation at the rear of the upper surface is slightly lower than
that in the ascent stage, but the vortex shedding intensity at the rear of
the lower surface is slightly stronger. As the wind speed continues to
increase to 16.55 m/s, corresponding to the descent stage, the pressure
fluctuation on the surface significantly decreases. It is worth noting
that the peak point of the RMS of pressure coefficient at the rear of the
upper surface moves downstream with the increase of wind speed,
which may be related to the downstream movement of vortex
shedding.

4.3 Amplitude frequency characteristics of
vortex-induced force

The product of the pressure at each measuring point and its
representative area is the local aerodynamic force. The total
aerodynamic force of the whole section can be obtained by
integrating the local aerodynamic force at all pressure measuring
points. The vortex-induced force can be acquired by subtracting the
average value of the overall aerodynamic force and converting it to
the overall coordinate system of the wind axis. However, the total
aerodynamic force obtained by the pressure integration method
does not include the aerodynamic force on the ancillary facilities of
the main girder. Vortex-induced force is calculated by the following
equations (Xu et al., 2023):

FIGURE 13
RMS of pressure coefficient in the 2nd lock-in range: (A) Upper surface, (B) Lower surface.

FIGURE 14
Time history of vortex-induced force at amplitude extreme point
when the maintenance track is 2 cm away from the outside.
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CL t( ) � FL t( )
0.5ρU2

0

(2)

FL t( ) � ∑n
i�1
pi t( )δiyi cosα −∑n

i�1
pi t( )δixi sinα (3)

where FL(t) is vortex-induced force per linear meter in the wind
axis; CL(t) is the dimensionlesslift aerodynamic force; n is the total
number of pressure measuring points; δi is the weight area of each
linear meter of the measuring point; ni

→� (xi, yi) is the unit vector of
the normal direction of the surface; α is the angle of attack of the
bridge deck.

Figure 14 shows the time history of vortex-induced force at the
amplitude extreme point when the maintenance track is 1 m away
from the outer edge. It can be seen that the vortex-induced force
does not follow a sine curve with a single frequency, and its
fluctuation amplitude is large. The amplitude spectra of vortex-
induced force under different working conditions are shown in

Figure 15, which reflects its multi-frequency characteristics and
amplitude variation law. The vortex-induced force has a
predominant frequency of 4.898 Hz and a second harmonic
component frequency of 9.795 Hz. The frequency doubling
phenomenon reflects the non-linear characteristics of vortex-
induced force. When the maintenance track is 1, 2.5, and 5 m
away from the outer edge, the second harmonic components
account for 14.4%, 16.9%, and 9.9%, respectively, also indicating
that vortex-induced force has non-linear characteristics. As the
maintenance track moves inward, the amplitude of VIV
decreases. The non-linearity of vortex-induced force does not
decrease with the reduction of the amplitude of VIV, and there is
no positive correlation between them. When the wind barrier is
added and the maintenance track is 2.5 m away from the outer edge,
the frequency of the amplitude spectrum of vortex-induced force is
disordered, and there is no obvious predominant frequency. It is
indicated that the wind barrier can effectively control the VIV of the
girder.

FIGURE 15
Amplitude spectrum of vortex-induced force under different working conditions: (A) Maintenance track 1 m away from the outer edge, (B)
Maintenance track 2.5 m away from the outer edge, (C) Maintenance track 5 m away from the outer edge, (D) Maintenance track 2.5 m away from the
outer edge and wind barrier with a 30% ventilation rate.
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4.4 Correlation between local aerodynamic
force and vortex-induced force

The correlation between the local aerodynamic force and the
overall vortex-induced force is expressed by the correlation
coefficient. The sign of the correlation coefficient indicates the
direction of the correlation between them, and the absolute value
of the correlation coefficient indicates the degree of correlation. The

aerodynamic force is calculated by Eqs 2, 3 in Section 3.2. The
relevant coefficient is defined as follows:

R X,Y( ) � ∑ X − �X( ) Y − �Y( )�����������������∑ X − �X( )2 Y − �Y( )2√ (4)

Where X is the local aerodynamic force at a measuring point; Y
is the overall aerodynamic force of the section obtained by

FIGURE 16
Correlation coefficient comparison under different working conditions: (A) Upper surface, (B) Lower surface.

FIGURE 17
Comparison of contribution coefficients under different working conditions: (A) Upper surface, (B) Lower surface.
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integrating the local aerodynamic force at each measuring point.
The value range of R is (−1, 1).

Figure 16 shows the spatial distribution of the correlation
coefficients under different working conditions. The correlation
coefficients in Figure 16A are positive, indicating a positive
correlation between the local aerodynamic force on the upper
surface and the overall vortex-induced force. The trends of the
correlation coefficients in the case of the upper surface are similar
despite the different positions of the maintenance track. With the
inward movement of the maintenance track, the correlation
coefficients in two areas (at measuring points 1–6 and 10–13)
slightly increase. The correlation coefficients are basically the
same in the area covering measuring points 15–24 when the
maintenance track is 1 or 5 m away from the outer edge. When
the maintenance track is 5 m away from the outer edge, the
correlation coefficients at measuring points 15–21 are slightly
larger, while those at points 23–26 are lower than the values
under the other two working conditions. When the maintenance
track is 2.5 m away from the outer edge, the added wind barrier
can significantly weaken the correlation between the local
aerodynamic force on the upper surface and the overall
aerodynamic force. Although the correlation coefficient at
measuring point 20 reaches 0.5, the vortex near this
measuring point is destroyed, and therefore vortex-induced
vibration cannot occur.

The correlation between the local aerodynamic force on the
lower surface and the overall force is also degraded to a large extent
when the maintenance track is 2.5 m away from the outer edge and a
wind barrier is installed. The inward movement of the maintenance
track can only cause a minor change in the correlation coefficient,
but the local aerodynamic force on the lower surface still has a strong
correlation with the overall aerodynamic force. The reason may be
that the VIV has not completely disappeared.

4.5 Contribution of local aerodynamic force
to vortex-induced force

The contribution of local aerodynamic force to vortex-induced
force is expressed by the contribution coefficient, which is calculated
as follows:

Caero−i � CσiRi (5)
Where Cσi is RMS of the pressure coefficient at the measuring

point i. Ri is the correlation coefficient between the pressure at
measuring point i and vortex-induced force. A positive contribution
coefficient indicates a reinforcing effect of the local aerodynamic
force on the vortex-induced force, while a negative value suggests an
opposite situation.

Figure 17 shows the spatial distribution of contribution
coefficients of the local aerodynamic force on the upper and
lower surfaces under different working conditions. For the
working conditions of only moving the maintenance track
position, the changes in the contribution values of the upper and
lower surfaces are basically consistent. On the upper surface, the
contribution value gradually increases from the leading edge and
then decreases. After the flow development in the central region, the
contribution increases again downstream, and its amplitude far

exceeds the peak that appears at the front area. On the lower
surface, the contribution value gradually increases along the
bridge’s bottom surface. Until the downstream corner, the
contribution value sharply decreases and a negative value
appears, indicating that the downstream lower web area has a
restraining effect on the VIV of the main girder. The variation in
contribution values between the upper and lower surfaces indicates
that the main vortex causing VIV is formed at the rear area of the
upper surface and the middle-rear area of the lower surface. When
the maintenance track positions 1 m away from the outer edge, the
contribution coefficient of the local aerodynamic force on the upper
surface exhibits two peaks at the front and rear areas where the
strongest wind pressure fluctuations occur, as shown in Figure 17A.
With the inward movement of the maintenance track, the
contribution of the local aerodynamic force on the upper surface
to the vortex-induced force gradually diminishes, weakening the
VIV of the main girder. When the maintenance track is 2.5 m away
from the outer edge, the wind barrier inhibits the generation of the
vortex on the upper surface, so the contribution of the local
aerodynamic force on the upper surface is very small. The
contribution coefficients in most areas on the lower surface also
decrease significantly with the inward movement of the
maintenance track, and the impact of wind barrier installation on
the lower surface is similar to that on the upper surface, as shown in
Figure 17B.

5 Conclusion

(1) When the maintenance track is 1 m away from the outer edge,
the box girder has intense vertical VIV in two wind speed ranges
(6.41–8.13 m/s and 11.77–17.47 m/s). The maximum amplitude
is 0.457 m, which is far beyond the allowable value (0.156 m).
Large pressure fluctuations occurred in the front and rear of the
upper surface of the girder, and there is a strong correlation
between the local aerodynamic force and the overall
aerodynamic force in these areas, leading to significant VIV
of the girder.

(2) After relocating the maintenance track, the VIV of the girder
is significantly reduced in the two locking ranges. A longer
distance between the maintenance track and the outer edge
of the bottom plate contributes to a less intense vertical
response. When the maintenance track is 5 m away from the
outer edge, the maximum amplitude of VIV decreases to
0.205 m, about 1.32 times the specified value. Through the
analysis of surface pressure, it is found that the inward
movement of the maintenance track gradually mitigates
the pressure fluctuations at the front and rear of the
upper surface and the middle and rear areas of the lower
surface. The contribution of the area with violent pressure
fluctuation to the vortex-induced force of the girder is
reduced, and therefore the amplitude of VIV is effectively
decreased.

(3) By analyzing the amplitude spectra of vortex-induced force
corresponding to different maintenance vehicle positions, it
is found that the vortex-induced force has second harmonics,
and the non-linearity of vortex-induced force has no positive
correlation with the amplitude of VIV.
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(4) When the maintenance track is 2.5 m away from the outer edge,
severe VIV is controlled by installing a 3.5 mhighwind barrier with
a 30% ventilation rate. After analyzing the spatial distribution
characteristics of aerodynamic force, it is found that the wind
barrier can destroy the correlation of the local aerodynamic force
on the upper and lower surfaces of the main girder with the overall
aerodynamic force. The pressure fluctuations at the front and rear
of the upper surface completely disappear, resulting in a very low
contribution of local aerodynamic force in these areas to the vortex-
induced force.
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