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+e aerodynamic performance of vehicles on a bridge deck depends on the local wind field, especially in a region near a bridge
tower.+is study was carried out on a large-scale (1: 20.4) truss girder, and wind tunnel tests were performed to determine how the
wind fields were affected by the bridge tower in the presence of different wind barriers. +e wind barrier parameters significantly
affect the wind field. Wind barriers should be sufficiently high to provide a wide protection range and have relatively small
porosities to reduce the wind speed. +e opening form of the wind barrier should also be considered, where a circular-holed form
reduces the wind speed and turbulence more than a horizontal-slatted form. +e wind field is affected by structures and bridge
towers on the deck. A turning point in the wind speed occurs at a measurement point near the bridge tower, and this point
gradually moves upward towards lanes on the leeward side of the bridge.+e equivalent wind speed is significantly reduced over a
four-meter height range because of shadowing from the bridge tower and the wind barrier.

1. Introduction

Many long-span bridges with strong spanning capacities
have been built to cross canyons, rivers, lakes, etc. Many of
these bridges, such as the Hardanger Bridge [1] and the
Aizhai Bridge [2], spanmore than 1000m.+ewind speed in
narrow regions, such as canyons, can be very high [3, 4], and
vehicle safety may be threatened by these complex wind
fields [5, 6]. Studies of wind fields on bridge decks can serve
as references for bridge design to ensure the running safety
of vehicles.

+e wind field on a bridge deck can affect the aerody-
namics and wind-induced response of vehicles. +e wind
pressure distribution was investigated using a single-box
bridge model without nearby structures, and the wind
pressure was found to be relatively high at the upstream side
of the upper surface (the bridge deck) [7]. Kozmar et al. [8]
performed wind tunnel tests to study the sheltering effect of
wind barriers on a viaduct; in the absence of a barrier, the

relatively high wind speed on a bridge can induce insta-
bilities in high-sided vehicles. After installing a barrier, both
the wind speed and instability of high-sided vehicles de-
crease. +e following results were obtained from investi-
gating the effect of wind barrier parameters on wind-
resistance performance; increasing the barrier porosity in-
creases the wind speed behind the barrier, especially
downstream of the barrier [9]; an optimal porosity range for
barriers has been reported in many studies [10–12]; the
barrier height can affect the wind distribution behind the
barriers [13]; and increasing the barrier height reduces the
wind speed near the barriers but increases the wind speed at
the trailing edge of the bridge [9]. A numerical method was
used to investigate how the inclination angle of the barrier
bars modified the shelter effect, considering a total of five
bars with different angles [14, 15]. Su et al. [16] performed an
in-depth study on full-scale wind barriers; the flow field
around the barriers was determined by performing wind
tunnel tests, including tests on the aerodynamic forces
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exerted on the barrier, and the wind profiles in the upstream
and downstream areas of the barriers were found.

A sudden change in the wind profiles can affect the wind
force acting on vehicles, which may result in accidents [17].
Argemtini et al. [18] performed wind tunnel tests to study
vehicle aerodynamics under different conditions in the vi-
cinity of a single tower; the wind-induced stability of the
vehicle is affected by the shielding in the wake of the tower as
the vehicle passes by. Charuvisit et al. [19] studied the wind
distribution at a specific height above a bridge deck behind
different towers with wind barriers and found that the shape
and size of the tower can affect the wind field behind the
tower. Many researchers have investigated the sheltering
effect of bridge towers mainly for vehicles [20–22].

In summary, previous studies have mainly determined
the vehicle responses and pressure distribution under cross
winds. In this study, the wind field was determined at
multiple heights above a bridge deck under different con-
ditions. Large-scale wind tunnel tests (model scale: 1:20.4)
were carried out. +e wind fields were determined at dif-
ferent heights above the bridge deck in the presence of wind
barriers with different barrier heights, porosities, and
opening forms. +e research background and the configu-
ration of the wind tunnel tests are presented in Section 2. In
Section 3, the results of the study are presented, including
the contours of the wind speed above the bridge deck, the
wind profiles at different longitudinal positions, and the
equivalent wind speeds within a 4m range under different
conditions.

2. Background and Experimental Setup

+e Dadu River Xingkang Bridge is located on the ex-
pressway between Ya’an and Kangding and is the first long-
span suspension bridge along the Sichuan-Tibet Highway.
+is bridge is known as the Sichuan-Tibet First Bridge. +e
bridge span is 1100m, and the altitude of the bridge deck is
1608m. A photograph of the bridge is shown in Figure 1.+e
local topography at the bridge site is shown in Figure 2.

2.1. Description of Bridge Site. +e bridge is located inland in
western China in a typical deep-cut and dry, hot canyon
[23, 24]. +e altitudes of the mountains on both sides of the
canyon exceed 5000m, and the height difference between the
mountain peak and the valley bottom exceeds 3500m. +e
mountains on the both sides of the canyon are covered with
snow all year round, and temperature differences between
the mountain top and the valley bottom can create strong
winds at the bridge site.+ere is a southwest-northeast trend
ridge on the east side of the bridge. +e average altitude of
the ridge of approximately 2000m far exceeds that of the
bridge deck. Consequently, an automatic weather station
was built on the west side, below the bridge deck, to perform
a preliminary investigation of the wind field at the bridge
site. +e automatic weather station is approximately 500m
away from the midpoint of the bridge and approximately
78m from the bridge deck. +e maximum 10-minute av-
erage wind speed is more than 29.6m/s, based on historical

wind data for the bridge site [25]. +e maximum wind speed
has reached 44.5m/s, based on the instantaneous maximum
wind speed over 3 seconds, which is comparable to the speed
of a hurricane.

2.2. Wind Tunnel Tests. All the tests were carried out in a
XNJD-3 wind tunnel at Southwest Jiaotong University; the
dimensions of the closed-circuit down-blowing type tunnel
are 22.5m (width)× 4.5m (height)× 36.0m (length). +e
wind speed range is 0.5∼16.5m/s. +e scale ratio of the
bridge sectionmodel was set to 1:20.4. A sketch of themodel,
including the dimensions, is shown in Figure 3, and Figure 4
shows themodel placed in the wind tunnel.+e scaledmodel
is 3460mm long, 406.9mm high, and 1323.5mm wide. +e
section form is a truss type, the bridge deck is designed on
the top of the bridge, and there is a vertical stabilizer in the
central deck. A Cobra probe with a speed accuracy of 0.3m/s
was used to measure the wind speed above the bridge deck at
a sampling rate of 1000Hz.

Wind barriers are used in transportation structures as an
effective means of wind protection. A total of 4 different
wind barriers were used in the wind tunnel tests. +e effects
of the type of the opening form, height, and porosity of the
wind barrier on the local wind field were investigated (see
Figure 5).+e parameters of different wind barriers are listed
in Table 1. WB-1 was provided by the bridge design and
selected as the control group. A bridge tower with a scaled
size of approximately 520mm (D)× 380mm (W) was added
to the model to study the influence of a bridge tower on the
wind field above the bridge deck. +e arrangement of the
measurement points is shown in Figure 6, where the tower
length D� 520mm in the test. +e wind profiles above the

Figure 1: View of the Dadu river Xingkang bridge.

Figure 2: Terrain at bridge site (captured from Google Earth).
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Figure 3: Scaled model of the bridge section (units: mm).

Figure 4: Model placed in the wind tunnel.
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Figure 5: Sketches of wind barriers used in wind tunnel tests (units: mm): (a) circular-holed barrier; (b) horizontal-slotted barrier.

Table 1: Parameters of different wind barriers at full scale.

No. Opening form Full-scale height (m) Porosity (%)
WB-1

Horizontal-slotted
2 40

WB-2 2 50
WB-3 1.2 40
WB-4 Circular-holed 2 40
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four lanes of the deck were determined. A total of 20
measurement points with a 20mm spacing (corresponding
to 0.408m at full scale) in the vertical direction were used for
each lane, and a full-scale height range of 0 to 8.16m was
investigated. In the absence of the bridge tower, the wind
speed profile was only determined for one section, as in-
dicated by the red points shown in Figure 6(b).

3. Results and Discussion

3.1. Wind Speed Contours for Different Heights above Deck.
+e large pylons typically used in long-span bridges produce
a discontinuity in the wind field above the bridge deck
[19, 26]. Bridge towers were installed at the windward and
leeward sides of the deck to investigate the effect of bridge
towers on the wind field, where the scaled tower dimensions
were 520mm (D)× 380mm (W). Four different wind bar-
riers with different porosities, opening forms, and heights
were also added to the deck. WB-1 was provided by the
bridge design company and used as the control in the tests.
+e test range of the wind field was five times the tower
width, i.e., 5D [27]. +e wind speed U in this section is
normalized by the free-stream speedU0 (10m/s). Figure 6(a)
shows the test results as contours, each of which includes 20

subfigures showing the wind field contour for each height
above the deck.

Figure 7 shows the wind field contours in the absence of
barriers. +e most prominent feature of the air flow behind
the bridge tower is the sudden change in the wind speed
caused by the tower; the wind speed is clearly reduced
behind the tower and then increases rapidly away from the
tower. When the Cobra probe is placed behind the railings,
the wind speed distribution is mainly dominated by the
structures near the bridge deck. As the Cobra probe is moved
upward, the shelter range of the tower at the windward side
gradually increases, whereas that at the leeward side grad-
ually decreases.+is result is obtained because of the gradual
diminishing influence of structures, such as railings, on the
bridge deck. +e influence of these structures on the wind
field gradually becomes less dominant, where the influence
range is approximately 260mm. +e wind speed is domi-
nated by the bridge tower at heights above the deck larger
than 280mm, and the bridge tower has a noticeable shear
layer effect at large wind speed gradient. +e installation of
WB-1 wind barriers (see Figure 8) significantly changes the
wind field above the bridge deck. At lower heights above the
bridge deck, the wind speed reaches a minimum behind the
wind barrier and then increases. +e wind barrier reduces
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Figure 6: Locations of wind speed measurement points in tests (units: mm): (a) elevation view; (b) top view.
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the gradient of the wind speed, weakening the mutation
effect of the bridge tower on the wind speed. +e wind
barriers reduce the maximum normalized wind speed from
1.16 to 0.65 for wind fields at positions less than 200mm
above the deck. +e maximum normalized wind speed
occurs at positions below 80mm above the deck, which is
different from the result obtained in the absence of a wind
barrier. As most vehicles are less than 4m high (corre-
sponding to approximately 200mm in the tests), wind
barriers can significantly reduce cross winds acting on road
vehicles, effectively reducing the risk of vehicle rollover [28].

3.1.1. Effects of Porosity. High-porosity wind barriers were
used in the tests to investigate the effect of the wind barrier
porosity on the wind field. Figure 9 clearly shows that the use of
low-porosity barriers decreases the wind speed within the test
height range. Changing the porosity affects the wind field less
than 240mm above the deck, especially at the windward side.
+e porosity of the railings is approximately 63%. As the
railings have a lower porosity than WB-2, less flow passes
through the railing than through the barriers. +us, the wind
speed is low below the railing height and increases behind the
high-porosity barriers.+e high-porosity barriers even increase
the wind speed at the leeward side. +us, the wind speed is
dominated by the railings and wind barriers closer to the deck.
+e increase in the wind speed gradient has a larger mutation
effect further above the deck. Generally, the range of protection
also decreases as the porosity increases. +e wind speed

increases between 100mm and 240mm above the deck, and
the crosswind will exert a large sideways force on vehicles,
which may increase the risk of side slip and rollover, especially
for high-sided vehicles. +us, the installation of low-porosity
barriers is recommended for bridges in regions of high wind
speeds that are traversed by a large number of high-sided
vehicles.

3.1.2. Effects of Wind Barrier Height. +e wind barrier
height is one of most important parameters in wind barrier
design. A second type of wind barrier with a full-scale height
of 1.2m was used in the tests to investigate the effect of the
wind barrier height on the wind-resistance performance.
+e results at different heights above the deck are shown in
Figure 10.

Figure 10 shows a similar wind speed distribution ob-
tained using WB-3 as with WB-1. Placing a Cobra probe
behind the railings results in a similar wind speed distri-
bution law as for the WB-1 case, except that the wind
magnitude is smaller. As the height of the Cobra probe above
the deck increases, the wind speed behind the wind barriers
decreases, but the distribution law remains the same. +is
result is obtained because lower barriers create less blockage
above the deck, such that more flow passes over the wind
barriers, decreasing the wind speeds behind both the railings
and the barriers. When the Cobra probe is moved out of the
barrier region, similar wind fields are found as shown in
Figure 8 at a height of 340mm above the deck and in
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Figure 7: Contours of wind field on the bridge deck without wind barriers.
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Figure 10 at a height of 280mm above the deck. At a low
barrier height, the wind-resistance performance and the
range of the protection region decrease significantly, and the
wind speed at the windward side approaches the incoming
wind speed earlier. Generally, the range of protection
provided byWB-3 is approximately 160mm above the deck,
which is considerably lower than the value of 240mm
provided by WB-1. +is result can be explained using the
aforementioned reasoning; lower barriers allowmore flow to
pass over the barriers and increase the wind speed. As a
higher region of protection (320mm∼400mm) is provided
by a lower barrier, the higher wind speed gradient creates
large mutation effects, which is similar to the results ob-
tained in the absence of barriers.

3.1.3. Effects of Opening Forms. Circular-holed wind barriers
were used in the tests to investigate the effect of the opening
form of the wind barriers on the wind field. Figure 11 shows
that the wind fields at different heights above the deck are
similar to those obtained in the presence of WB-1. +e wind
speed increases over the protection range of the railings near
the bridge deck, where the fluctuations in the wind speed are
larger at the windward side. +e wind speed decreases
slightly over the region near the wind barriers. +e wind
speed drops dramatically at the measurement points behind
the barriers and reaches a minimum near the top of the wind

barrier.When the Cobra is placed higher above the deck (but
not above 240mm), the wind speed remains low. At heights
between 260mm and 300mm above the deck, the wind
speed above lane 2 remains unchanged from 0.5D to 2D and
−0.5D to −2D, and the wind speed only changes above lane
1. At heights greater than 380mm above the deck, there is
little change in the distribution law for the wind speed
obtained in the presence of WB-1 and WB-4. +e change in
the wind speed gradients obtained using the two opening
forms is small. +e difference in the wind speed distribution
at less than 260mm above the deck obtained using the two
forms can be explained in terms of the wider and more
uniform distribution of the circular holes than the horizontal
slots, which has a higher blockage effect on the airflow.+us,
the opening form can change the wind-resistance charac-
teristics of a wind barrier. Circular-holed barriers reduce the
wind speed and increase the protection range compared with
horizontal-slotted barriers. Combined with the porosity and
height, we can see that changing the porosity and height of
the wind barrier is more effective than changing the opening
form of the wind barrier.

3.2. Wind Profiles at Different Longitudinal Positions. +e
contours of the wind field at different heights above the
bridge deck were presented in the previous section.+e wind
profiles at different longitudinal positions along the bridge
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Figure 8: Contours of wind field above the bridge deck in the presence of WB-1 barriers.
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deck are analyzed in this section. +e range of influence of
the bridge tower is between 0.5D and 1.5D. +e wind
profiles at 0.5D, 0.75D, 1D, 1.5D, and 2D are plotted in
Figure 12. Near the bridge tower and in the absence of wind
barriers, the turning point in the wind speed moves upward
from the windward side to the leeward side. With increasing
distance from the bridge tower, the turning point disappears
and is replaced by a wind speed stabilization point. +e
stabilization point also moves upward from the windward
side to the leeward side. In the presence of wind barriers, the
turning point in the wind speed near the tower moves
upward, and the wind speed remains low close to the deck.
+e results obtained at measurement points at different
longitudinal positions show that the bridge tower and the
wind barrier have a strong influence on the wind profile
above lane 1, compared with a relatively weak influence on
the wind profile above lane 2. +e wind speed at the leeward
side remains low close to the deck because of shielding effect
by the central stabilizer. In addition, wind barriers with
different parameters provide different wind protection ef-
fects. +e wind speed behind the low-porosity wind barriers

is considerably lower than that behind the high-porosity
barriers. However, the difference between the porosities of
the wind barrier and the railing causes the wind speed
behind the railing to increase in the presence of low-porosity
wind barriers. A similar change law for the wind speed with
the barrier height is obtained as for the porosity cases, that is,
the higher the wind barrier is, the stronger the wind pro-
tection effect is. +e horizontal-slotted opening exhibits
superior wind proofing performance to the circular-holed
opening.

3.3. EquivalentWindSpeed. +e influence of the bypass flow
on the incoming flow is reflected by introducing an
equivalent wind speed, which is obtained by transforming
the normalized wind profile to a uniform profile. +e
principle of equivalent lateral forces is used to derive the
following expression for the equivalent wind speed [29]:
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where UeqS is the equivalent wind speed, U(z) is the nor-
malized wind speed at a height z above the bridge deck, and
Zr is the corresponding height above the deck of the
equivalent wind speed. Considering the height of a high-
sided vehicle, Zr is set as 4m [30].

Table 2 shows the equivalent normalized wind speeds
under various conditions calculated using equation (1). +e
wind speed at the windward side is high, whereas the wind
speed on the leeward side is always low because of the
presence of the central stabilizer. Installing a wind barrier
decreases the equivalent wind speed at all measurement

positions. +e equivalent wind speed tends to stabilize be-
yond 1D, which explains why the significant range of in-
fluence of the bridge tower on the windward side is
approximately 0.5 times the bridge tower width. Further
away from the bridge tower, the wind barrier makes the wind
speed in different lanes more uniform within 4m above the
deck and reduces the magnitude of the sudden change in the
wind speed in the longitudinal direction, which is conducive
to driving safety. +e height and the porosity of the wind
barrier have a significantly stronger effect on the wind field
than the opening type.
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Figure 12: Wind profiles above the bridge deck at different longitudinal positions: wind profiles at (a) 0.5D, (b) 0.75D, (c) 1D, (d) 1.5D,
and (e) 2D.
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4. Conclusions

Tests are performed on a large-scale truss girder model in
this study, and the wind fields affected by a bridge tower
above the bridge deck are determined in the presence of
barriers with various heights, porosities, and opening forms;
the conclusions obtained from the study results are given as
follows:

(1) +e bridge tower has a considerable impact on the
wind field; with increasing height above the deck,
the local wind field is primarily dominated by
structures on the bridge deck and then gradually
becomes affected by the tower. Barriers can reduce
the sudden change in the wind speed caused by the
tower and weaken the effect of the tower on the
local wind field. Similar wind fields are produced
for different wind barrier parameters as are ob-
tained without towers. +e influence range of the
bridge tower at the windward side is twice the
width of the bridge tower and somewhat larger at
the leeward side.

(2) Structures on the bridge deck affect the local wind
field. Structures, such as central stabilizers, increase
the wind resistance of bridges but can induce a
sudden change in the wind field that is detrimental to
the running safety of vehicles. A design should
consider the impact of structures on both wind re-
sistance and vehicle running safety.

(3) +e wind profile varies significantly with the lon-
gitudinal distance from the bridge tower. +e bridge
tower induces a turning point in the wind speed,
which gradually moves upward going towards the
lanes on the leeward side.

(4) +e shadowing effect of the bridge tower and the
wind barrier significantly reduces the equivalent
wind speed within a four-meter height above the
deck. +e wind barrier weakens the sudden change
in the wind speed along the bridge. +e height and
porosity of the wind barrier have a significantly
stronger effect on the wind field than the opening
type.

However, the uniform flow is used in the experiment,
which is not consistent with the actual situation.+erefore, a
number of high-frequency wind speed acquisition instru-
ments are installed above the bridge to obtain the real wind
data. After obtaining enough data, we will carry out the
related wind tunnel test again to study the wind environ-
ment of the bridge deck under the effect of turbulence.
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