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Abstract: In China's mountainous coastal terrain, the storm badly damaged low-rise buildings. At
present, it is not clear how the relative position of buildings and mountains affects the surface of a
low-rise building’s fluctuating coefficient. The study compared these results with the wind pressure
distribution without the surrounding environment. The primary objective of this study is to
examine the fluctuating coefficient variation rule based on the spacing between hillsides and
buildings under 0° wind angle. Additionally, the study analyzes the fluctuating wind pressure
coefficient across wind angles between 0°~90°. The distribution of wind pressure in different
common hillside landforms was examined through a wind tunnel experiment, which also compared
with the distribution in an open environment. The study examined the fluctuating coefficient as the
distance between the building and the hillside changed, specifically for wind blowing at a 0° angle.
Next, an analysis is conducted on the changing pattern of the fluctuating coefficient for low-rise
buildings ranging from a wind angle of 0° to 90°. Simultaneously, the investigation examined the
power spectrum and wind pressure’s probability distribution, while considering the proximity of
the building to an adjacent hill. The findings indicated that the changing wind pressure factor on
the surface of the structure differed based on the relative location of the hillside and the building.
The roof's wind pressure coefficient fluctuated and gradually increased until it reached its peak,
unaffected by the surroundings. The low-frequency energy decreased in windward eaves, while the
high-frequency energy progressively rose as the distance between the hillside and the building
increased. The wind pressure on the leeward side exhibited Gaussian characteristics in its
probability distribution.

Keywords: fluctuating wind pressure distribution; probabilistic properties; low-rise buildings;
mountain form; the gap between the hillside and the building

1. Introduction

In the southeast coastal provinces of China, there is a significant quantity of low-lying structures,
with the majority featuring double-slope roofs and eaves. In the statistics of typhoon disaster losses,
the collapse of low-rise buildings under mountains and the casualties caused by them account for a
considerable proportion. Hence, examining the wind pressure distribution of low-rise buildings and
the impact of various mountain placements on wind loads is imperative. This will offer essential
backing for the design of wind-resistant structures and the prevention of disasters in low-rise
buildings.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Wind load’s interference effect between low-rise buildings is primarily influenced by factors
such as wind direction, the ratio of spacing between adjacent buildings, the density and arrangement
of building groups, as well as the height of surrounding buildings. Various researchers, both
domestic and international, have conducted studies on the impact of wind load interference among
low-rise structures. For instance, Fan Youchuan [1] and T. Van Hooff [2]examined the wind-induced
interference effect on a single factory building as well as two consecutive factory buildings. They
conducted wind tunnel tests to analyze the alterations in wind direction and building spacing. Akon
and Kop [3] examined the wind pressure and re-attachment distance on a level rooftop under varying
the incoming airflow’s turbulence intensities. Their findings revealed that increasing the turbulence
intensity of the incoming airflow considerably reduces the re-attachment distance and increases the
wind pressure. Holmes[4] examined the impact of wind-induced interference among multi-row
structures and found that the alteration in spacing between preceding buildings and target structures
had a more significant effect on the interference than the influence of preceding rows of buildings.

(3) Building density: Quan yong et al. The impact of altering the density of the building area
surrounding a structure of similar size on the flat roof’s wind pressure coefficient was examined
using a rigid model. It was determined that as the density of surrounding buildings increased, the
maximum negative pressure on different areas of the target building's roof decreased and eventually
became more consistent. The roof’s minimum wind pressure decreases on the single building when
the area densities of the surrounding building increase. Chang et al.[6] and Yong et al.[7] shows that
the distance between buildings and the height ratio between buildings will have a great influence on
the "occlusion effect" of disturbed buildings. Wind tunnel experiments were conducted by Huai-Yu
Zhong[8] to examine the impact of different sheltering conditions.

YONG C.K.[9] employed the wind tunnel testing technique to evaluate the wind load on a flat
roof building model that was encircled by buildings of identical dimensions. The findings indicate
that the disruptive element of the least favorable adverse wind pressure of the disrupted structure
exceeds 1.0 when the nearby buildings have a low relative height. When the surrounding building’s
height is below 1.0, the interference factor declines as the surrounding building’s height rises.
However, when the surrounding building’s height surpasses 1.0, the impact of height on the
interference factor is not significant. The impact of various roof forms on the airflow around low-rise
buildings was examined by Zhixiang Liu[10] and Tominaga et al[13]. Researchers[11,12] conducted
wind tunnel tests utilizing PIV technology to investigate how various roof angles impact the airflow
patterns surrounding a gable-roof structure. The researchers discovered that the diversity of roof
inclinations had an impact on the swirling pattern within the area behind the model.

There are many factors that affect the wind pressure distribution between buildings. This paper
conducts a comprehensive investigation into the impact of altering the relative position of the
building and the mountain of the double-slope roof structure.

2. Wind Tunnel Test Experiments

Wind Tunnel Tests are conducted at the Department of Civil Engineering at Hunan University.
The working section has a width of 3.0 miles, a height of 2.5 miles, and a length of 10 miles.

2.1. Full-Sized Physical Model

Simulating the atmospheric boundary layer involves representing it as a geometric scale of 1:40.
As shown in Figure 1, the design of the building's physical scale model is derived from the prevalent
low-rise structures found in China. The dimensions of the actual mountain model are determined by
the specifications outlined in the 'Code for Structural Loads on Building (GB50009-2012)', which
includes guidelines for constructing a low-rise building situated close to a mountain.

A 1:40 scale model of a building is constructed to depict a structure measuring 6.83m high (H),
4.45m wide (W), and 7.5m long (L). The roof had an extension of 0.25m from the side of the building.
Testing points for pressure taps can be found on walls, the roof, and both sides of the eaves. The total
number of testing points is 374, with 202 on the walls, 130 on the roof, and 42 on the eaves. The
pressure testing points are shown in Figure 2.
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Figure 1. Dimensions of the model of the low-rise buildings ( units: mm).

Figure 2. Measurement point distribution.

2.2. Experimental Operating Conditions

Figure 3 shows the position of the experimental model and the mountain. The low-rise
building’s height is represented by H, while the hillside height is represented by Hm. The hillside
slope is represented by f, and the roof slope is represented by a. The distance between the hillside
and the house is represented by S. In the experiment, the angle of wind was tested from 0° to 90°with
a 5° interval, as depicted in Figure 4. The Hillside without surroundings has been considered to
analyze the wind pressure affected by the distance between the hillside and the house. Table 1
displays the specifics of the parameters. The Wind Tunnel experiment meets all the necessary criteria
for the blocking probability.
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Figure 4. Wind direction.

Table 1. Detailed information on experimental parameter studies.

Model size Length of the model 187.5mm
Width of the model 111.25mm
The slope of the roof 18.6°
The relative position of the Distance 34.15mm(S/H=0.2)
mountain 68.30mm(S/H=0.4)
170.75mm(S5/H=1.0)
Mountain height Hm 34.15mm(Hn/H=2)

The slope of the mountain, 60°

B

Terrain roughness,zo 0.12

The sampling frequency of 312.5HZ
wind pressure

Tunnel velocity 12m/s

Geometric scale ratio 1:40

2.3. Testing the Simulation of Wind Patterns

To create a comparable setting in regular mountainous landscapes, a wind velocity of 12m/s is
established. This can be replicated in wind tunnel experiments by incorporating triangular structures
and ground roughness components with a power exponent of 0.12 to simulate natural wind
conditions. Figure 5 displays the experimental models and setup for the wind tunnel tests in the
simulation. Figure 6 illustrates the profiles of mean wind speed and turbulence intensity.



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 March 2024

Figure 5. Wind field layout.
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Figure 6. Profile of wind velocity and turbulence.
2.4. Method of Analyzing Data

2.4.1. Mean Wind Pressure Coefficient

The formula for expressing the average wind pressure coefficient is as follows

c, =t (M)
~oU?
S PU,

The static (ambient, atmospheric) reference pressure, denoted as p0, is determined based on the
wind tunnel test’s reference height(0.4 m), which is equivalent to a realistic height of 40m. The
model's reference height; the mean velocity, denoted as Ur, and the air density, denoted as g, which
in turn determines the instantaneous surface pressure, represented as pi.
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2.4.2. Shape Coefficient

The shape coefficient, which is the i-th pressure taps testing point on the structure surface, can
be obtained from the following formula. As per the specifications in the ' Code for load on building
structures (GB50009-2012)', the overall shape coefficient can be modified based on the formula for the

local shape coefficient.
2a
— =z
ﬂsi = Cpi [jj
: )

where & is the roughness index of the ground; zi The height of the model’s measuring point; zr is
the height of the reference point;

The formula (2) has its truncation height, which is 5m belongs to the typical mountains terrain
classification A. If the height of the pressure taps testing points is below 5m, they are not suitable for
using the formula (2). Some appropriate modifications need to be made.

The shape coefficient on the surface of the structure can be obtained by the following formula.

P!
U= B (3)
A
The area of the pressure taps testing point is denoted as Ai, while A represents the total surface
area.

3. Fluctuating Wind Pressure’s Interference Effect

To analyze the change law on the fluctuating wind pressure coefficient at crucial measurement
locations with the space between the hillside and the structure, the variation in the mean wind
pressure coefficient at different measuring points with varying slope height is analyzed. Figure 7
shows the layout of selected representative measurement points 1. Figure 8a reveals that in the middle
of the windward side, the fluctuating coefficient exceeds the coefficient at the edge measuring points.
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Figure 7. Key point location.

Additionally, compared to A5, Al experiences a 13.5% decrease in its fluctuating coefficient. The
fluctuating coefficient of G5 and G9 is smaller than that of G1, and it exhibits a rising pattern.
However, when there is a hillside, G1, G5, and G9 demonstrate a declining pattern.

Compared to the measuring point at the edge, the fluctuating coefficient is lower at the middle
line. The fluctuating coefficient of A14 is 0.246, which is 43.8% higher than that of A12.

According to Figure 8c, in the absence of any impact from the surrounding environment, the
fluctuating wind pressure coefficient at the middle line measuring point is lower compared to the
edge. However, in the presence of a mountain, the fluctuating coefficient at the middle line is higher
than that on the margins.
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Figure 8. The measuring point's fluctuating wind pressure coefficient.

The information depicted in the diagram is evident.8(d), A24, D24, and G24 have the largest
values in the same row of measurement points when there is no periphery and working conditions 1
and 2. In working condition 3, the fluctuating coefficient at A26 is higher than at A24. Similarly, in
rows D and G, the edge measuring points D24 and G24 have a greater fluctuating wind pressure
coefficient than the other measuring points in their respective rows.

The absence of a clear correlation between the fluctuating coefficient of the mid-line and the edge
measuring point can be observed in Figure 8e when the windward roof remains unaffected by the
surrounding environment. In general, the fluctuating coefficient of the windward roof is higher than
without the surrounding environment.
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Additionally, measuring points located along the middle line exhibit a lower fluctuating
coefficient compared to measuring points situated at the edge when considering different mountain
spacing.

Figure 8f illustrates that the middle measuring point’s fluctuating coefficient is lower than on
the margins when the lee roof remains unaffected by the surrounding environment. The fluctuating
coefficient at the middle measuring point exhibits less variation compared to the edge measuring
point when a mountain is present. Notably, the value at measuring point WE7 remains constant.

4. Examining the Fluctuating Coefficient under Different Wind Angles

When the wind direction is between 60° and 80°, the fluctuating coefficients are at their lowest,
unaffected by the surrounding environment. Then S/H=0.4, then S/H =0.2, and finally S/H =1.0. When
the wind direction ranges from 85° to 90°, the fluctuating wind pressure coefficient increases when
the distance increases, and the difference in the fluctuating coefficient is minimal.

In Figure 9b, the maximum fluctuating coefficient is 0.21 when the wind direction is 15°. At a
wind direction of 70° and a ratio of S/H equal to 0.4, the highest coefficient for fluctuating wind
pressure is 0.22. As the wind angle increases, the fluctuating coefficient initially rises, then falls, and
ultimately rises when the working condition S/H=1.

The fluctuating coefficient of measuring point D19 in the middle of the lee side is reduced in the
absence of any impact from the surrounding environment, as depicted in Figure 9c. The mountain's
fluctuating wind pressure coefficient does not follow a clear rule under three different spacing
working conditions.

The fluctuating coefficient remains approximately 0.08 when the wind direction ranges from 35°
to 90°, as is shown in Figure 9d. The fluctuating wind pressure coefficient values under S/H=0.2 are
similar to those under S/H=0.4, and both values decrease gradually with the wind direction increase.
As the wind direction increases, the fluctuating coefficient initially rises, then falls, and eventually
rises again when the working condition is S/H=1.0. At a wind direction of 20°, the highest fluctuating
coefficient is 0.135.

The wind pressure coefficient at the windward eave is lower in the absence of surrounding
environmental influence compared to when there is a mountain, as depicted in Figure 9e. As the wind
direction rises to 75°, the fluctuating wind pressure coefficient accelerates and reaches a peak value
of 0.18 under the wind direction of 90°.

As is shown in Figure 9e, at a wind direction of 60°, the minimum fluctuating coefficient is 0.122.
In the presence of a peak, with a ratio of S/H equal to 1.0, when the wind blows at an angle of 75°, the
fluctuating coefficient reaches its highest point at 0.25.
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Figure 9. The fluctuating coefficient at the representative measuring point.

Figure 10a demonstrates that when the ratio of S/H =0.2, the interference factor exhibits a range
of 0.94 to 1.08. Moreover, the interference factor gradually increases from the top to the bottom,
reaching its peak at the bottom. When S/H=0.4, the variation range of the interference factor is 0.96 ~
1.1, compared with S/H=0.2, the distribution state is unchanged, and the interference factor is
increased. When S/H=1.0, the variation range of the interference factor is 1.0 ~ 1.1, compared with
5/H=0.2, the value increases, and the distribution state changes.

Figure 10b illustrates that at S/H=0.2, the interference factor ranges from 0.65 to 1.15. The highest
interference factor of 1.15 is observed below the right edge, with a vortex present on the left side. In
the center line, the interference factor is 0.95, while the upper right region exhibits the lowest
interference factor of 0.65. When S/H=0.4, the variation range of the interference factor is 0.69 ~ 1.14,
compared with S/H=0.2, the interference factor at the bottom left vortex increases to 1.09 in the center,
and the interference factor in the other regions decreases. When S/H=1.0, the distribution state of the
interference factor changes, ranging from 0.73 to 1.13. The interference factor increases gradually
from top to bottom.
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Figure 10c shows that when S/H=0.2, the interference factor ranges from 1.15 to 1.55, with the
highest value at the center bottom and the lowest values at the edges on the left and right sides. When
S/H=0.4, the variation range of the interference factor is 1.17 ~ 1.57, compared with S/H=0.2, the
interference factor is increased, and the distribution state is unchanged. When S/H =1.0, the variation
range of the interference factor is 1.15 ~ 1.75, compared with S/H =0.4, the distribution state changes,
the largest interference factor increases, and the smallest interference factor decreases.

Figure 10d illustrates that with a S/H ratio of 0.2, the interference factor ranges from 0.7 to 1.0.
The highest interference factor is found in the bottom right, while the lowest interference factor is
located at the top. When S/H=0.4, the variation range of the interference factor is 0.74 ~ 1.22, compared
with S/H =0.2, the interference factor is increased, and the distribution state is unchanged. When S/H
=1.0, the distribution state changes, and the variation range of the interference factor is 0.73 ~ 0.93,
The most disturbed area is located in the lower region of the right edge, and the smallest disturbed
area is located in the upper left region.

The disturbance factors range from 0.7 to 0.98 when S/H =0.2, as depicted in Figure 10e. Notably,
the disturbance factors at the windward eaves and leeward eaves surpass those in other regions. The
windward eaves have the largest disturbance factor 0.91, while the leeward eaves have the largest
disturbance factor 0.98. There is a minimum interference factor of 0.7. When S/H =0.4, the variation
range of the interference factor is 0.75 ~ 0.99, compared with S/H =0.2, the interference factor is
increased, and the distribution state is unchanged. When S/H =1.0, the distribution state changes, and
the variation range of the interference factor is 0.79 ~ 1.03. There is a larger interference factor 0.91 at
the windward eaves, the largest interference factor 1.03 at the leeward eaves, and the smallest
interference factor 0.79 at the two edges of the roof ridge.

5. Comparative Analysis of the Power Spectrum

Figure 11 shows that at a wind direction of 0°, the spectral peak on the windward is distinct,
measuring approximately 0.76. This occurs when the reduction frequency of the low-frequency band
is 0.08 when there isn’t a surrounding building. The energy in the high-frequency is minimal, with
the majority of energy concentrated in the low-frequency range, primarily within the expansive
vortexes in space. Typically, the maximum amplitude of the distinct spectral peak in the high-
frequency is enhanced following an increase in the elevation of the mountain. The findings indicate
that the presence of the mountain alters the flow, leading to an augmentation in small-scale vortices
and an elevation in high-frequency band energy. As the hillside and the building move further apart,
the maximum value of the spike spectral peak in the low-frequency gradually rises, and the energy
of the large-scale vortex steadily grows.

Figure 12 shows that the spectrum is abundant in the low-frequency range when D12 under a
wind direction of 0°, has no impact on the surrounding environment. At a reduction frequency of 1.2
for the high-frequency range, a distinct spectral peak emerges with a peak value of approximately
0.65, while the energy of the remaining high-frequency is minimal. The presence of the mountain
alters the low frequency band's spectrum from wide to narrow, and the high-frequency band's
spectral peak rises in comparison to when the surrounding environment has no impact. This suggests
that the mountain's existence causes an increase in energy in the middle of the left side within the
high-frequency. Additionally, the small-scale vortex and large-scale vortex experience slight
increases when compared to the absence of the surrounding environment's influence.
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Figure 12. The power spectrum analysis at D12.

Figure 13 illustrates that when there is a mountain under the wind direction of 0°, the spectral
peak value of the high-frequency band decreases on the lee side, unaffected by the surrounding
environment. As the hillside and the building move further apart, the spectral peak value of the low-
frequency band steadily rises. On the other hand, there is a decrease in the maximum value of the
high-frequency spectral. The data indicates a gradual shift in energy from a higher frequency to a
lower frequency. Additionally, the impact of fluctuating wind pressure, resulting from the incoming
wind's characteristics, becomes more pronounced, while the effect of vortex turbulence caused by the
mountain diminishes.

Figure 14 shows that when S/H=0.2, the low-frequency band's spectral peak value at D26
decreases, while the high-frequency band's spectral peak value increases relatively on the right side,
unaffected by the surrounding environment. Currently, the energy frequency transited from low to
high, leading to a reduction in the impact of the fluctuating resulting from the properties of the
incoming wind. Nevertheless, the impact of the vortex turbulence resulting from the mountain
formation escalates. As the hillside and the building move further apart, the high-frequency energy
gradually diminishes, leading to a weakening of the vortex turbulence caused by the mountain.
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Figure 15 illustrates that at the measuring point WA1 located at the leeward eave's edge, the
spectral peak value of the low-frequency band decreases, as well as a decrease in the spectral peak
value of the high-frequency when compared to the surrounding environment. As the hillside and the
building move further apart, the impact of the vortex turbulence generated by the mountain structure
diminishes.

Figure 16 illustrates that at a wind direction of 0°, the measuring point WA20 positioned at the
center of the windward eave exhibits a significant spike spectral peak with a peak value of
approximately 0.95 when S/H=0.2 and the low-frequency band reduction frequency is 0.2. When
S/H=0.4, as the hillside and the building move further apart, the low-frequency range decreases, while
the high-frequency remains insignificant in range. At this time, the influence of incoming turbulence
is slightly weakened. When S/H=1.0, the high-frequency energy decreases while the low-frequency
range increases.
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6. Analysis of the Probability Law of Fluctuating Wind Pressure in Low-Rise Buildings

The probability density histograms of representative measurement points are compared, as

shown in Figure 17:
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Figure 17. A histogram depicting the probability density distribution at D5.

When S/H=0.2, the wind pressure coefficient at the middle of the windward side at 0° exhibits a
mean value of 0.13, a root mean square value of 0.18, a skewness of -0.11, and a kurtosis of 3.02.
Additionally, the wind pressure probability distribution demonstrates Gaussian characteristics, as
evident from above Figure 17. When the hillside and the building are further apart, with a relative
position of S/H=0.4, the wind coefficients remain constant. When S/H= 1.0, the distribution of wind
pressure demonstrates Gaussian characteristics. Without external factors, the parameters exhibit
growth, while the wind pressure distribution follows a Gaussian pattern.
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Figure 18. A histogram depicting the probability density distribution at D12.

The wind coefficient exhibits Gaussian characteristics in the middle of the left side at 0° wind
direction when S/H=0.2. At S/H=0.4, the probability distribution belongs to Gaussian characteristics.
At S/H=1.0, the average and RMS values of the wind pressure coefficient decrease, and the
distribution exhibits Gaussian characteristics. In the absence of external factors, it is a non-Gaussian
probability distribution of wind pressure.
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Figure 19. A histogram depicting the probability density distribution at D19.

When S/H=0.2, The wind pressure obeys a Gaussian distribution. At S/H =0.4, the probability
wind pressure distribution exhibits Gaussian characteristics. At S/H =1.0, the wind pressure
distribution exhibits Gaussian characteristics. In the absence of external factors, it is a non-Gaussian
probability distribution of wind pressure.
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Figure 20. A histogram depicting the probability density distribution at D26.

The wind coefficient exhibits Gaussian characteristics in the middle of the right side at 0° wind
direction. when S/H =0.2, 0.4, the distribution exhibits Gaussian characteristics. At S/H =1.0, the
probability distribution exhibits non-Gaussian traits. In the absence of external factors, the mean
wind pressure coefficient is a non-Gaussian probability distribution.
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Figure 21. A histogram depicting the probability density distribution of wind pressure at WA?7.

In the middle of the leeward eave with a wind direction of 0° when S/H =0.2, the probability
distribution exhibits Gaussian traits. When S/H=0.4, the distribution exhibits Gaussian characteristics.
At S/H=1.0, the average and RMS values of the wind pressure coefficient decrease, while the
distribution exhibits Gaussian characteristics. In the absence of external factors, the mean wind
pressure coefficient is a non-Gaussian probability distribution.
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Figure 22. A histogram depicting the probability density distribution at WA20.

The probability distribution in the center of the windward eave with a wind direction of 0°has
non-Gaussian characteristics. At S/H =0.4, the probability distribution exhibits non-Gaussian
characteristics. At S/H =1.0, the wind pressure distribution exhibits Gaussian characteristics. In the
absence of external factors, the wind pressure coefficient belongs to a non-Gaussian probability
distribution.

7. Conclusion

1. The wind pressure coefficient on the building surface varies in a specific manner as the
distance between the hillside and the building grows. The fluctuating coefficient on the windward
side decreases first and then increases. The fluctuating coefficient on the left and right sides increases
gradually. At infinity, when there is no influence from the surrounding environment, the value
decreases. The fluctuating coefficient of the roof increases gradually and reaches the maximum when
there is no influence from the surrounding environment.

2. Due to the existence of the mountain, the energy of the low-frequency is weakened, and the
energy of the high-frequency band is enhanced. This is mainly due to the suppression of the spatial
large-scale vortex structure by the mountain, resulting in the weakening of the turbulence
characteristics of the incoming wind and the increase of the small-scale vortex. With the increase of
the distance between the hillside and the building, the energy in the low-frequency band at the
windward eaves decreases and the energy in the high-frequency band increases gradually.

3. The variation of the probability distribution of wind pressure at the middle measuring points
in different regions under 0° wind direction is analyzed and found with the increase of the relative
position between the hillside and the building, the probability distribution has Gaussian
characteristics when the lee side has no periphery and the three working conditions. In the middle of
windward and leeward eaves, the distribution characteristics gradually changed from non-Gaussian
characteristics to Gaussian characteristics.
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