
Wind and Structures, Vol. 30, No. 2 (2020) 199-210 

DOI: https://doi.org/10.12989/was.2020.30.2.199                                                               199 

Copyright © 2020 Techno-Press, Ltd. 
http://www.techno-press.com/journals/was&subpage=7                                     ISSN: 1226-6116 (Print), 1598-6225 (Online) 

 

1. Introduction 
 

The building wind pressure coefficient is an important 

parameter in the study of wind resistance on buildings 

(Feng et al. 2018, Liu et al. 2011). Moreover, it is of utter 

importance to study wind effects on high-rise and low-rise 

buildings (Wang and Li 2015, Yuan et al. 2018). At present, 

the most commonly used methods in studying the wind 

pressure coefficient of buildings are the wind tunnel test 

(Kim et al. 2018, Alminhana et al. 2018, Bhattacharyya et 

al. 2018, Rizzo and Ricciardelli 2017), Computational Fluid 

Dynamics (CFD) (Yu et al. 2015, Montazeri and Blocken 

2013, Cheng et al. 2017), and full-scale field measurement 

research (Dalgliesh 1975, Zhang et al. 2018, Yi et al. 2015). 

The Commonwealth Advisory Aeronautical Research 

Council (CAARC) standard high-rise building model is a 

hexagonal geometric test building model (Alminhana et al. 

2018), that is widely used in wind tunnel test (Dalgliesh et 

al. 1975, Melbourne 1980) and CFD numerical simulation 

wind field methods (Yan 2015, Daniels et al., 2013) to 

verify and calibrate the reliability of results. In previous 

works, a new test method was proposed to test the building 

wind pressure coefficient by using the wind generated by a 
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moving vehicle (Wu 2018), which provides new attempts 

and options for structural wind resistance research (Guo et 

al. 2019). The test platform, software, and hardware system 

were designed for the building wind pressure coefficient 

transiting test. The test was carried out with the CAARC 

standard model, and the test results have the same trend as 

the wind tunnel test results, which verify the feasibility of 

the transiting test under ideal conditions. 

For wind tunnel test, CFD, and field measurement, these 

three research methods of structural wind resistance have 

their own shortcomings. Such as, CFD is characterized by 

low cost and flow visualization but it is usually limited by 

grid size and mathematical model (Daniels et al. 2013, 

Meng et al. 2018). There is no adequate mathematical 

model of turbulent flows, and we cannot solve completely 

the problem of aerodynamic designing by numerical 

simulation (Rašuo 2006, Argentini et al. 2016). Field 

measurement is the most practical measurement method, 

but it is also usually limited by meteorology and 

topography, such as the establishment of structural health 

monitoring (SHM) (Wang et al. 2019) systems and wind 

pressures of high skyscraper (Zhang et al. 2018). The wind 

tunnel test is the most common experimental method, 

however, the establishment of exact two-dimensional flow 

conditions in wind tunnels is a very difficult problem 

(Rasuo 2012, Ocokoljić 2018). it is usually affected by the 

blocking effect (Marta et al. 2016, Huang 2014) Reynolds 

number effect (Rašuo 2011), the wall interference and 

supporting system interference, (Ocokoljić et al. 2017). 

Because of the scale model in the wind tunnel test, it will be 

affected by the Reynolds number effect. Rašuo has done 

some wind tunnel tests to study the influence of reynolds 

number, side-wall boundary-layer control and wall on the 

accuracy of the lift coefficient of the aerofoil NACA0012. 
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In addition, Lj.Linić et al (2018) and Rašuo (2001) also 

study the boundary-layer transition in the wind tunnel to 

improve the accuracy of the wind tunnel text. Many 

scholars are working hard to improve the wind tunnel test 

method (Rašuo 2006, He et al. 2017). 

Transiting test, as a new attempt and option for 

structural wind resistance research, is not only for studying 

building wind pressure coefficients, but also for other wind 

resistance research and practical applications, such as, the 

aerodynamic coefficient of structures (Li et al. 2019), 

galloping of iced conductor (Guo et al. 2019) and 

aerodynamic performance of wind turbine and wind turbine 

airfoil. However, transiting test also are affected by some 

influences, such as, end plate, road types (Li et al. 2019), 

reynolds number and natural wind. These factors, which are 

the source of inaccuracy of tests are our key research object 

to improve the exactness of transiting test. Natural wind is 

the main disturbance factor of the outside environment. 

Further studies about natural wind must be conducted. 

Investigating the effects of natural wind on the transiting 

test results that consider CAARC standard model as 

research objects is significant, thereby providing references 

for the weather condition used for transiting tests and 

providing suggestions and guidance for subsequent building 

wind pressure coefficient transiting tests qualitatively and 

quantitatively. 

In addition, Natural wind is a random variable in which 

airflow and terrain roughness work together on time and 

space scales (Li 2016). Outdoor tests are inevitably affected 

by natural wind. Many outdoor experimental studies must 

consider the effects of natural wind. For example, the 

random wind impact analysis of the safety of high-speed 

trains (Yu et al. 2016, Baker et al. 2010), indoor ventilation 

research (Liang et al. 2011), analysis of the influence of 

natural wind on vehicle aerodynamic coasting down test 

(Altinisik 2017, McAuliffe et al. 2016), and vehicle safety 

study must consider the influence of crosswind (Wang et 

al.2017). Yu et al. (2016) studied the effect of natural wind 

on the safety of high-speed trains by applying natural wind 

on high-speed trains with CFD. Wang et al. (2017) also 

studied the safety of road vehicles under random variables, 

such as crosswinds by CFD numerical simulation. 

McAuliffe et al. (2016) placed a 3D ultrasonic anemometer 

at a height of 2 m on both sides of a vehicle’s taxi track to 

measure the natural wind speed when testing the 

aerodynamic performance of the heavy-duty passenger car, 

and concluded that natural wind effect should be considered 

when analyzing pulsating wind speed data. José Páscoa et 

al. (2012) considered that the windless condition test is 

accurate when performing vehicle aerodynamic 

performance coasting down test and found after repeated 

tests that 4% of the test error is mainly caused by natural 

wind. Zhang et al. (2017) designed a virtual test system for 

vehicle road sliding resistance and realized compensation 

for natural wind, thereby reducing natural wind impact and 

improving test accuracy. The vehicle aerodynamic coasting 

down test specification (SAE, J1263) specifies that the 

surrounding natural wind should be <2 m/s during the test. 

Therefore, according to the feasibility of the transiting test 

under ideal conditions, the analysis of the influencing 

factors with natural wind as a single variable is important in 

verifying the general applicability of the transiting test and 

improving its accuracy. 

Natural winds can affect the effective wind field 

generated by the moving vehicle. Under ideal conditions, 

the wind field generated by the moving vehicle at a constant 

speed can be regarded as the quasi-steady uniform flow. 

Comparing the wind tunnel test to simulate the boundary 

layer wind tunnel on the basis of uniform flow field 

(Alminhana et al. 2018) showed that the ultimate goal of 

the building wind pressure coefficient transiting test is to 

imitate the atmospheric boundary layer on the basis of 

uniform and stable vehicle wind field, and natural wind 

affects the stability of wind field uniformity (McAuliffe et 

al. 2014, Wordley et al. 2008). McAuliffe et al. (2014) 

installed multiple cobra probes in the front of the car to 

study the wind turbulence of the car at a constant speed 

cruise and compared the influence of traffic, road 

conditions, and natural wind. Wordley et al. (2008) showed 

that the turbulence of wind field generated by a constantly 

moving vehicle is approximately 4%, and it is easily 

disturbed by the surrounding environment. 

The building wind pressure coefficient transiting test is 

a new test method, and no scholars have conducted natural 

wind impact analysis and research to date. Therefore, the 

influencing factors of natural wind should be analyzed. In 

this paper, the building wind pressure coefficient transiting 

test is carried out with CAARC standard high-rise building 

model as the test object under different natural wind 

conditions to study how natural wind affects the wind 

pressure coefficient. The effects of natural wind on the 

surface mean wind pressure coefficient and fluctuating 

wind pressure coefficient of CAARC model are analyzed 

qualitatively and quantitatively. Lastly, some rules are 

summarized to provide suggestions and guidance for 

subsequent building wind pressure coefficient transiting 

tests. 

 

 

2. Experimental 
 

2.1 Transiting test and model introduction 
 
The building wind pressure coefficient transiting test is 

a transiting test method that uses wind generated by a 

moving vehicle to test the wind pressure coefficient of the 

model (Wu 2018). As shown in Figs. 1 and 2, the building 

wind pressure coefficient transiting test devices are mainly 

composed of an external test platform and an interior 

collecting instrument and system. The external test platform 

is used to fix test models and pitot tube (Fig. 1), The in-

vehicle acquisition system includes a multipoint, a high-

frequency dynamic  wind  pressure  synchronous 

measurement system, and a pitot tube wind speed 

measurement system, which consists of 22 high frequency 

pressure sensors (YMC41-D), a multichannel USB data 

acquisition card (USB2805C), a 24 V power supply, and a 

notebook computer (Fig. 2). Twenty pressure sensors are 

connected to the CAARC standard model surface 

measuring point through the PVC hose to obtain surface  
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Fig. 1 External test platform of transiting test 

 

 

Fig. 2 Interior collecting instrument and system 

arrangement 

 

Dx=152.4mm

D
y=

10
1.

6m
m

2H
/3

H/
3

H
=6

09
.6

m
m

 

Fig. 3 Dimensions and shape of CAARC standard model 

 

 

wind pressure, and two pressure sensors are connected to 

the total and static pressure holes of the pitot tube to obtain 

the driving wind field characteristics. The static pressure of 

the pitot tube can be used as a reference static pressure for 

the dimensionless wind pressure coefficient. In this test, the 

sampling frequency was 1000 Hz, and the number of data 

points acquired in each channel was 30000. 

The CAARC rigid model in the transiting test used a 

1:300 geometric scale ratio (Alminhana et al. 2018), whose 

dimension is 152.4 mm × 101.6 mm × 609.6 mm (Fig. 3). 

The model was made of 5 mm thick Plexiglas that was 

bonded together with a chloroform reagent. The bonding 

ensured sufficient model strength and stiffness. Generally, 

20 measuring points were arranged at the height of the 

model 2/3 H as the standard pressure measuring point. As  
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Fig. 4 Measuring point at the height of 2H/3 

 

 

Fig. 5 Natural wind collection system 

 

 

shown in Fig. 4, surfaces I - IV represented the four 

surfaces of the model, and θ represented the windward 

angle of the model, which was positive in counter-

clockwise rotation. 

 

2.2 Natural wind measurement 
 

Natural wind is a space vector (Li 2016) that can be 

measured by a 3D ultrasonic anemometer (Van et al. 2015, 

Fiedler et al. 2013). As shown in Fig. 5, the natural wind 

collection system test was composed of a 3D ultrasonic 

anemometer (Wind Master, Gill Scientific Inc., Logan UT), 

a data acquisition instrument (CR1000, Campbell Scientific 

Inc., Logan, UK), and a notebook computer. The natural 

wind collecting device was assembled and installed at a 

height of 1.5 m at the fixed measuring location of the test. 

The 0° line of the anemometer points to the north, which 

was determined by using the north arrow. The sampling 

frequency was set to 10 Hz, and the wind speed resolution 

is 0.01 m/s. The natural wind data acquisition was 

synchronized with the transiting test wind pressure 
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measurement, and the natural wind here was used as a 

reference standard of natural wind conditions. 

 

2.3 Test methods and strategies 
 

Natural wind impact analysis test, which measures the 

wind pressure coefficients by using the wind generated by a 

moving vehicle, needs to be combined with the wind 

pressure test and natural wind collecting systems. 

Observing the natural wind while conducting a transiting 

test, the test procedure is shown in Fig. 6. A straight route 

from point A of Zhongyuan West Road Station to Point B of 

Yulong Station in China Zhengzhou G3001 Ring 

Expressway was selected as the test route of the transiting 

test, which is 2 km long (Fig. 7). The text route is straight, 

and few bushes grow on both sides of the road from the 

beginning to the end. The test road conditions are shown in 

Fig. 8. The selected test time was at night when the traffic is 

light. The natural wind measuring point was fixed at the 

outer space of the original point A at Zhongyuan West Road 

Station, which is close to the high-speed way, and the 

surrounding terrain environment was consistent with the 

test road conditions. The natural wind at the measuring 

point was assumed to be equivalent to the natural wind 

during the test. 

To obtain different natural wind conditions, we carried 

out tests under different weather conditions on different 

dates in October. Meanwhile, to keep other conditions, 

except natural wind, consistent, we carried out tests in the 

same test route, and natural wind measurement points 

remained unchanged. The speed of 72 km/h was selected as 

the test speed of the moving vehicle, and 19:00 - 20:00 was 

selected as the test time when the traffic volume is light. 

The natural wind data were recorded during the transiting 

test; when the test speed was stable at 72 km/h, the wind 

pressure data was recorded. The sampling time was 30s, 

and the number of tests was 3. The test conditions are 

shown in Table 1. Two typical CAARC standard model 

wind direction angles of 0° and 90° were chosen as the test 

condition, which can guarantee the credibility of the natural 

wind impact analysis results. Test route takes a round trip, 

and sets A–B and B–A, that is, the down- and headwind 

directions, can be used to study the influence of downwind 

and headwind. Among the test routes, Zhongyuan West 

Road Station travelled to Yulong Station with A–B, and 

Yulong Station to Zhongyuan West Road Station was 

indicated by B - A (Table 1). The speed of natural wind was 

mainly in the range of 0 - 2.0 m/s, and detailed data 

processing and analysis of natural wind condition are shown 

in section 3.3. 

 

 

3. Data processing 
 

3.1 Wind pressure coefficient data processing 
 
According to the wind tunnel test, the wind pressure 

coefficient can be written as follows (Zou et al. 2015) 

𝐶𝑝𝑖(𝑡) =
𝑃𝑖(𝑡)−𝑃0(𝑡)

1

2
𝜌𝑈2

 , (1) 

Table 1 Test conditions 

Test speed Wind direction angle Test route Natural wind V(nw) 

72 km/h 

(20 m/s) 

0° 
A–B 0–2.0 m/s 

B–A 0–2.0 m/s 

90° 
A–B 0–2.0 m/s 

B–A 0–2.0 m/s 

 
Choose the way to satisfy 

the ideal condition 

Wind pressure 
coefficient 

acquisition system

Assemble the  
test platform

Natural wind 
collection system

Install the 
pitot tube

Select measuring  
Location

Assemble 
anemometer 

Adjust 0° to 
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collector 

Install CAARC 
model 

 AssembLe the  
test system

Synchronize two major 
system sampling times

Drivie car to test speed and 
Start  acquisition system 

Check device and 
two major system 

Srart the transiting test of 
natural wind impact 

Data collection and 
processing

Complete transiting test

NoNo

Yes

Test different natural 
wind conditions

 

Fig. 6 Transiting test procedure 

 

 

Fig. 7 Test route 

 

 

where 𝑃𝑖(𝑡) is the pressure value of the measuring point; 

𝑃0(𝑡) is the static pressure value of the incoming flow; U is 

the average wind speed of the incoming flow; 𝜌 is the air  
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Fig. 8 Test road conditions 

 

 

Fig. 9 Wind speed coordinate system 

 

Table 2 Natural wind conditions 

Working 

condition 
Test date 

Natural wind 

speed (m/s) 

Natural wind 

direction 

1 2018/10/16 0.22±0.05 100°±26° 

2 2018/10/25 0.56±0.17 284°±17° 

3 2018/10/28 1.20±0.80 267°±50° 

 

density, whose value is 1.225 kg/m3; and 𝐶𝑝𝑖(𝑡) is the wind 

pressure coefficient of the measuring point. 

Pitot tube and pressure sensors are used to test the wind 

speed directly. Pitot tube and pressure sensors are also used 

to measure the total and static pressures, and the wind speed 

can be calculated based on the Bernoulli equation, as 

follows (Chevula et al. 2015) 

𝑉𝑚𝑒𝑎𝑛 = 𝑈 = √
2(𝑃𝑝(𝑡)−𝑃0(𝑡))

𝜌
, (2) 

The wind pressure coefficient expression can be simplified 

to the following 

𝐶𝑝𝑖(𝑡) =
𝑃𝑖(𝑡)−𝑃0(𝑡)

𝑃𝑝(𝑡)−𝑃0(𝑡)
, (3) 

The mean wind pressure coefficient is expressed as follows 

𝐶𝑝𝑖,𝑚𝑒𝑎𝑛 =
1

𝑇
∫ 𝐶𝑝𝑖(𝑡)𝑑𝑡

𝑇

0
, (4) 

The fluctuating wind pressure coefficient is expressed as 

follows (Liu et al. 2013, Zou et al. 2015) 

𝐶𝑝𝑖,𝑓𝑙𝑢 = √
1

𝑁 − 1
∑(𝐶𝑝𝑖𝑘 − 𝐶𝑝𝑖,𝑚𝑒𝑎𝑛)2

𝑁

𝑘=1

     (5) 

where  Cpi,mean is the value of mean wind pressure 

coefficient, Cpi,flu is the value of fluctuating wind pressure 

coefficient, 𝑃0(𝑡)  is the static pressure value at the 

reference height, 𝑃𝑝(𝑡) is the total pressure value at the 

reference height, 𝑃𝑖(𝑡) is the wind pressure value of the 

measuring point, T is the sampling time, and N the number 

of samples. 

 

3.2 Natural wind data processing 

 

The 3D ultrasonic anemometer is fixed at the wind 

measurement point to record the surrounding natural wind 

speed. The natural wind can be regarded as a 3D vector, in 

which the three components can be expressed in a north–

south direction  𝑈𝑋(𝑡) , east–west direction  𝑈𝑌(𝑡), and 

vertical direction 𝑈𝑍(𝑡). The wind angle of the natural 

wind in the vertical direction is extremely small, and the 

wind direction is consistent with the horizontal direction (Li 

2016). Thus, 𝑈𝑍(𝑡)  is negligible. The natural wind 

velocity  𝑉(𝑛𝑤) of the horizontal wind direction 

angle 𝜑 is expressed as follows (Li 2016) 

𝑉(𝑛𝑤) = √𝑈𝑋
2+𝑈𝑌

2, (6) 

𝜑 = 𝐷𝑒𝑔𝑟𝑒𝑒(− 𝑎𝑟𝑐𝑐𝑜𝑠 (
𝑈𝑋

𝑈
) ∗ 𝑠𝑔𝑛(𝑈𝑌)) + 180°, (7) 

As shown in Fig. 9, to describe the natural wind 

direction, we superimpose the coordinate system of the 

anemometer with the geographic coordinate system, that is, 

the 0 scale of the anemometer points to the north, and 

natural wind is analyzed with the basic wind speed of 10 

minutes (Li 2016). 

 

3.3 Natural wind data statistics 
 

Figs. 10(a) - 10(c) show the wind speed distribution and 

wind rose diagram of the surrounding natural winds during 

the transiting tests which are carried out at three different 

natural wind conditions. The three natural wind time history 

curves are shown in Fig. 10(d). The main direction of the 

natural wind is west, and the main wind speed is between 0 

and 2 m/s. As shown in Table 2, the mean values of natural 

wind speeds corresponding to the three working conditions 

are 0.22, 0.56 and 1.20 m/s. 

 

 

4. Results and discussion 
 

4.1 Influence of natural wind on driving wind of 
moving vehicle 

 

Natural wind with nonstationary characteristics is the 

airflow caused by the interaction of atmospheric motion and 

surface roughness (Li 2016). Thus, natural wind may affect 

the effective wind field generated by the moving vehicle. 

Pitot tube and pressure sensors are used to measure the total 

and static pressures, and the wind speed can be calculated 

based on the Bernoulli equation Eq. (2). The speed of the 

moving vehicle is fixed at 72 km/h (20 m/s) by using a 

fixed speed cruise, and the sampling time is 30 s. 
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As shown in Figs. 11 and 12, comparing the time history 

diagram and the distribution histogram of driving wind of 

the moving vehicle under different natural wind shows that 

in the range of 0 - 1.20 m/s of natural wind speed, the 

natural wind increases, the wind speed time history curve 

declines, and the wind speed time history curve becomes 

disordered. The wind speed variation coefficient can be 

used to describe the degree of variation with time and 

space. The value is the ratio of the mean square error of the 

wind speed pulsation component to the average wind speed, 

which can be expressed as follows 

𝐼𝑉 =
𝜎

𝑉𝑚𝑒𝑎𝑛
, (8) 

The results are shown in Table 3, when the speed of 

natural wind increases from 0.22 m/s to 1.20 m/s, the 

coefficient of variation of the driving wind field of the 

moving vehicle is also increased from 0.05 to 0.11. 

Therefore, natural wind will disturb the turbulence 

characteristics of the driving wind of the moving vehicle, 

and the uniformity of the driving wind field will also 

deteriorate. 

 

 

Table 3 Variation coefficient of moving vehicle driving 

wind 

Natural wind 

velocity 

𝑉(𝑛𝑤) (𝑚/𝑠) 

Mean velocity of 

driving wind 

𝑉𝑚𝑒𝑎𝑛 (𝑚/𝑠) 

Driving wind 

standard 

deviation 𝜎 

Coefficient of 

variation 𝐼𝑉 

0.22±0.05 18.22 0.91 0.05 

0.56±0.17 17.41 1.03 0.06 

1.20±0.80 18.19 2.01 0.11 

 

 

4.2 Comparative analysis of down- and headwind 

 

Although natural wind is nonstationary, its main wind 

direction does not change significantly (Li 2016). The 

difference in the driving direction of the transiting test will 

result in the difference between the down- and headwind 

direction tests due to the presence of natural wind. For 

example, in the 0° wind direction angle of the natural wind 

speed at 0.56 m/s, the main wind of natural wind is 

northwest. Combining with the test route (Fig. 7), the 

vehicle traveling from A to B is headwind, whereas the 

vehicle traveling from B to A is downwind. Table 4 

compares the results under the down- and headwind 

conditions. The dynamic pressure values measured by the 

pitot tube in the headwind direction are less than the 

dynamic pressure measured in the downwind direction, and 

the influence of natural wind on the dynamic pressure value 

also exists. 

As shown in Fig. 13, in terms of the comparison of the 

mean wind pressure coefficient under the condition of 

down- and headwind, the curves are completely consistent. 

The difference of wind pressure coefficient does not show a 

uniform regular pattern, and the absolute value of the 

difference is in the range of 0.05, which is negligible. 

Although down- and headwind conditions have effects on 

the dynamic pressure measured by the pitot tube, they have 

no effect on the mean wind pressure coefficient. Different 

driving directions essentially affect the speed of the 

measured wind of the driving vehicle, which is reflected by 

the dynamic pressure value of the pitot tube. However, the 

wind speed does not affect the average wind pressure 

coefficient of the CAARC surface. This result is consistent  

  
(a) V(nw)=0.22±0.05 m/s (b) V(nw)=0.56±0.17 m/s 

  
(c) V(nw)=1.20±0.80 m/s (d) Graphs of natural wind time history curve 

Fig. 10 (a) - (c) Graphs of natural wind rose, (d) graphs of natural wind time history curve 

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
0.00

0.05

0.10

0.15

0.20

N

NE

E

SE

S

SW

W

NW

 

 >= 0.6

 0.5 - 0.6

 0.4 - 0.5

 0.3 - 0.4

 0.2 - 0.3

 0.1 - 0.2

 0 - 0.1

wind velocity(m/s)

 

 
T

h
e 

d
is

tr
ib

u
ti

o
n

 o
f 

fr
eq

u
en

cy

wind velocity (m/s)

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
0.00

0.05

0.10

0.15

0.20

0.25

0.30

N

NE

E

SE

S

SW

W

NW
wind velocity(m/s)

 

 >= 3.5

 3 - 3.5

 2.5 - 3

 2 - 2.5

 1.5 - 2

 1 - 1.5

 0.5 - 1

 0 - 0.5

 

 

T
h

e 
d

is
tr

ib
u

ti
o

n
 o

f 
fr

eq
u

en
cy

wind velocity (m/s)

0 1 2 3 4 5 6 7 8
0.00

0.05

0.10

0.15
N

NE

E

SE

S

SW

W

NW
wind velocity(m/s) 

 >= 5

 4.5 - 5

 4 - 4.5

 3.5 - 4

 3 - 3.5

 2.5 - 3

 2 - 2.5

 1.5 - 2

 1 - 1.5

 0.5 - 1

 0 - 0.5

 

T
h

e 
d

is
tr

ib
u

ti
o

n
 o

f 
fr

eq
u

en
cy

wind velocity (m/s)
0 60 120 180 240 300 360 420 480 540 600

0

1

2

3

4

5
 V(nw)=1.20±0.80m/s

 V(nw)=0.56±0.17m/s

 V(nw)=0.22±0.05m/s

W
in

d
 v

el
o

ci
ty

(m
/s

)
Time(s)

204



Natural wind impact analysis of transiting test method to measure wind pressure coefficients 

 

Fig. 11 Time history diagram of the wind generated by a 

moving vehicle under different natural wind conditions 

 

 

Fig. 12 Distribution histogram of speed of wind generated 

by a moving vehicle under different natural wind conditions 

 

Table 4 Dynamic pressure values of in the downwind and 

headwind tests 

Vehicle direction Test 
Dynamic pressure values 

measured by pitot tube 

A–B (downwind) 

1 212 

2 232 

3 237 

B–A (headwind) 

1 177 

2 171 

3 178 

 

 

with the conclusion that wind speed does not affect the 

surface wind pressure coefficient both in numerical 

simulation and wind tunnel test studies (Liu et al. 2013).  

Therefore, due to the influence of natural wind, the  

 

Fig. 13 Comparison between the mean wind pressure 

coefficients under the down- and headwind conditions 

 

 

dynamic pressure of the pitot tube in the downwind test is 

less than that of the headwind test. However, the average 

wind pressure coefficient is unaffected 

 

4.3 Influence of natural wind on mean wind pressure 
coefficient 

 

The presence of natural wind directly affects the 

vehicle’s driving wind field, which is reflected by the 

surface wind pressure coefficient of the CAARC model. 

The mean wind pressure coefficient of the transiting test 

method under the different natural wind conditions of 0° 

and 90° wind direction angles, are compared and 

supplemented with the CAARC wind tunnel test results 

from Zhejiang University (Meng 2018). As shown in Figs. 

14 and 15, comparison shows that the wind pressure 

coefficient curves of the transiting test are consistent with 

the trend of the wind tunnel test result. The wind pressure 

on the crosswind surface agrees well, while the positive 

pressure on the windward side is extremely large, and the 

negative pressure on the leeward side is small. This 

phenomenon can be explained by the fact that the 

turbulence of the wind tunnel test is larger than that of the 

transiting test (Lee et al. 1975). However, under different 

natural wind conditions, the wind pressure coefficient curve 

of the transiting test is highly consistent. Natural wind has 

no effect on the mean wind pressure coefficient curve of the 

2/3H height of the CAARC model obtained from the 

transiting test, which also indicates that the building wind 

pressure coefficient transiting test still has certain feasibility 

and repeatability in the general natural wind range of 0 - 1.2 

m/s. 

To analyze the effect of natural wind on the mean wind 

pressure coefficient further, we compare the mean wind 

pressure coefficient values of four typical measuring points 

(#3, #8, #13, #18) on surfaces I - IV at the wind direction 

angles of 0° and 90° quantitatively. As shown in Figs. 14 

and 15, the mean wind pressure coefficient values of the 

typical measurement points obtained from the test are 

relatively consistent under different natural wind conditions 

of 0 - 1.20 m/s. The standard deviation of the average wind 

pressure coefficient of 6 tests is lower than 0.04, and the 

difference of wind pressure coefficient of each measuring 

point is <0.1. Therefore, natural wind has a minimal effect  
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Fig. 14 Mean wind pressure coefficient curves under 

different natural wind conditions at 90° wind direction 

angle 

 

6  

Fig. 15 Mean wind pressure coefficient curves under 

different natural wind conditions at 0° wind direction angle 

 

 
Fig. 16 Comparison of the mean wind pressure coefficient 

of typical measuring points at 90° wind direction angle 

under different natural wind conditions 

 

 
Fig. 17 Comparison of the mean wind pressure coefficient 

of typical measuring points at 0° wind direction angle under 

different natural wind conditions 

 

 
Fig. 18 Time history diagram of wind pressure coefficient 

of #18 measuring point at 90° wind direction angle under 

different natural wind conditions 

 

 
Fig. 19 Wind pressure coefficient distribution histogram of 

#18 measuring point at 90° wind direction angle under 

different natural wind conditions 

 

0 2 4 6 8 10 12 14 16 18 20

-1.0

-0.5

0.0

0.5

1.0

W
in

d
 p

re
ss

u
re

 c
o

ef
fi

ci
en

t 
o

f 
 9

0
° 

Measuring point

 V(nw)=0.22±0.05m/s

 V(nw)=0.22±0.05m/s

 V(nw)=0.56±0.17m/s

 V(nw)=0.56±0.17m/s

 V(nw)=1.20±0.80m/s

 V(nw)=1.20±0.80m/s

 Wind tunnel test(ZU)

0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
0.00

0.10

0.20

0.30

0.40

0.50

0.60
 V(nw)=1.20±0.80m/s

 V(nw)=0.56±0.17m/s

 V(nw)=0.22±0.05m/s

 
 

D
is

tr
ib

u
ti

o
n
 f

re
q
u

e
n
c
y

Wind pressure coefficient of #18

206



Natural wind impact analysis of transiting test method to measure wind pressure coefficients 

on mean wind pressure coefficient in the range of 0 - 1.20 

m/s, which is negligible. 

As shown in Fig. 18, the wind pressure coefficient time 

history curve of the #18 measuring point at the 90° wind 

direction angle is selected for detailed analysis. As the 

natural wind speed increases in the range of 0 - 1.20 m/s, 

the fluctuation of the wind pressure coefficient becomes 

strong, and the data dispersion increases in size. As shown 

in Fig. 19, the distribution histogram also shows that the 

mean wind pressure coefficient is consistent, but the 

dispersion is extremely different when the natural wind 

speeds are 0.22, 0.56, and 1.20 m/s. Therefore, the influence 

of natural wind on the dispersion of the wind pressure 

coefficient cannot be ignored. 

 

4.4 Influence of natural wind on fluctuating wind 
pressure coefficient 

 
In section 4.3, the natural wind speed in the range of 0 -

1.20 m/s has no effect on the trend of the mean wind 

pressure coefficient curve, and the effect on the mean wind 

pressure coefficient is small and negligible. However, by 

analyzing the wind speed time history curve of the #18 

measuring point of the windward surface at 90° wind angle 

(Figs. 18 and 19), the influence of natural wind on the 

dispersion of wind pressure coefficient data is evident. The 

degree of dispersion of the wind pressure can be reflected 

by the fluctuating wind pressure coefficient (Zou et al. 

2015). In this section, the fluctuating wind pressure 

coefficient curves under different natural wind conditions 

are compared to study the influence of natural wind. 

Transiting test method results are also compared with the 

wind tunnel text from Zhejiang University (Meng 2018). 

As shown in Fig. 20, at 0° wind direction angle, in the 

speed range of 0 - 1.20 m/s, natural wind does not affect the 

trend of the fluctuating wind pressure coefficient curves. 

The curves of the fluctuating wind pressure coefficient 

under different natural wind conditions of the transiting test 

method agree well, and all curves are similar to the trend of 

the wind tunnel results. However, the pulsating wind 

pressure coefficients under different natural wind conditions 

are relatively different. When the natural wind speed is 0.22 

m/s, the fluctuating wind pressure coefficient of the 

transiting test is smaller than the wind tunnel test value. 

When the natural wind speed is 1.20 m/s, the fluctuating 

wind pressure coefficient is large. Except for the windward 

surface measuring point, the values of other measuring 

points are larger than those in the wind tunnel test. The 

difference in the pulsating wind pressure under different 

natural wind conditions is 0.22. Related studies have shown 

that an increase in turbulence also increases the fluctuating 

wind pressure coefficient (Cheng et al. 1992). 

As shown in Fig. 21, at the 90° wind direction angle, in 

the range of 0 - 1.20 m/s, the curves of the fluctuating wind 

pressure coefficient under different natural wind pressures 

of the transiting test method also agree well, which is better 

than that of the 0° wind direction angle. Coincidentally, the 

fluctuating wind pressure coefficients under different 

natural wind conditions are significantly different. The 

difference is up to 0.26. When the natural wind speed is  

 

Fig. 20 Fluctuating wind pressure coefficient curves under 

different natural wind conditions at 0° wind direction angle 

 

 
Fig. 21 Fluctuating wind pressure coefficient curves under 

different natural wind conditions at 90° wind direction 

angle 

 

 

1.20 m/s, the maximum fluctuating wind pressure 

coefficient is 0.45, which is much larger than the fluctuating 

wind pressure coefficient of the natural wind speed of 0.22 

m/s. The effect of natural wind on the fluctuating wind 

pressure coefficient is consistent at the 0° and 90° wind 

direction angles, which is credible. 

Natural wind has no effect on the trend of fluctuating 

wind pressure coefficient curve in the range of 0 - 1.20 m/s 

but has an effect on fluctuating wind pressure coefficient. 

An increase in natural wind increases the fluctuating wind 

pressure coefficient. The difference in the fluctuating wind 

pressure coefficient under different natural wind conditions 

can reach 0.25, which cannot be ignored. Thus, the effect of 

natural wind on the fluctuating wind pressure coefficient is 

greater than that on the mean wind pressure coefficient. 

 

4.5 Influence of natural wind on wind pressure 
correlation coefficient 

 

Correlation coefficient is the statistic of the degree of 

linear correlation between two random variables in the time 

domain response. The wind pressure correlation coefficient 

is used to reflect the spatial correlation between CAARC 

standard model points. The correlation coefficient has a 

value in the range of [−1, 1]. The larger the absolute value 

is, the stronger the correlation is (Zhang et. al 2014). The 

formula is expressed as follows (Zhang et. al 2018) 
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𝐶𝑜𝑟(𝑖, 𝑗) =
𝑐𝑜𝑣𝑖,𝑗

𝜎𝑖∗𝜎𝑗
  , (9) 

where 𝐶𝑜𝑟 (𝑖, 𝑗)  denotes the two-point correlation 

coefficient of i-point and j-point; 𝑐𝑜𝑣𝑖,𝑗  denotes the 

covariance of i-point and j-point; 𝜎𝑖 denotes the standard 

deviation of the i-point wind pressure time history; and 𝜎𝑗 

denotes the standard deviation of the j-point wind pressure 

time history. 

As shown in Fig. 22, at the 0° wind angle, the #18 

measuring point in surface IV was used as a reference point 

to calculate the correlation coefficient between all the 

measuring points of the height layer of 2H/3 and the 

reference point under different natural wind. The curve of 

the wind pressure correlation coefficient at each measuring 

point shows the same curve under different natural wind 

conditions. In the same plane of the reference point #18, the 

farther it is from the reference point, the smaller the 

correlation coefficient is, which is consistent with the wind 

tunnel test correlation analysis (Zhang et. al 2014). 

However, the correlation coefficient shows significant 

differences. The correlation coefficient has a large absolute 

value that is close to 1 when the natural wind speed is 0.22 

m/s, while has a small absolute value that is close to 0 when 

the natural wind speed is 0.22 m/s.  

As shown in Fig. 23, at the wind angle of 90°, the #3 

measuring point at surface I was used as a reference point to 

calculate the correlation coefficient. Although the 

correlation curve of the 90° wind direction angle is 

inconsistent in the 0° wind direction angle, the natural wind 

condition corresponding to the worst correlation curve is 

still 1.20 m/s. The natural wind affects the synchronism 

between the measured points of the pulsating wind pressure, 

which decreases the correlation of the pulsating wind 

pressure time history and even affects the accuracy of the 

wind pressure coefficient. 

Natural wind has an effect on the correlation coefficient 

of wind pressure in the range of 0 - 1.20 m/s. With the 

increase in natural wind, the correlation of wind pressure 

coefficient decreases. The correlation of wind pressure 

coefficient with 𝑉 (𝑛𝑤) =1.20 m/s is substantially lesser 

than the others. Therefore, the building wind pressure 

coefficient transiting test should be carried out when the 

natural wind is <1.20 m/s after meeting the other test 

requirements. 

 

 

5. Conclusions 
 

In this study, considering the impact of environmental 

factors on the accuracy of building wind pressure 

coefficient transiting tests, it is essential to study the 

influence of natural wind and conduct transiting tests at a 

constant speed of 72 km/h under different natural wind 

conditions. The influence of natural wind in the range of 0–

1.20 m/s on the wind pressure coefficient performance of 

CAARC standard model was investigated.  

Natural wind disturbed the turbulence characteristics of 

the wind field of the vehicle, and the wind field uniformity 

deteriorated. When the mean velocity of natural wind was  

 

Fig. 22 Wind pressure correlation coefficient under different 

natural wind conditions at 0° wind direction angle 

 

 

Fig. 23 Wind pressure correlation coefficient under different 

natural wind conditions at 90° wind direction angle 

 

 

1.20 m/s, the coefficient of variation of the wind field 

reached 0.11. Considering the influence of natural wind, the 

dynamic pressure of the pitot tube under the downwind test 

was less than that of the headwind test. However, the 

average wind pressure coefficient was unaffected. When the 

mean velocity of natural wind is in the range of 0 - 1.20 

m/s, natural wind had no effect on the trend of mean wind 

pressure coefficient curve and fluctuating wind pressure 

coefficient curve, and natural wind had a minimal effect on 

mean wind pressure coefficient, whose test error was within 

0.1, which was negligible. 

However, in the same situation, Natural had an effect on 

fluctuating wind pressure coefficient. An increase in natural 

wind increased the fluctuating wind pressure coefficient. 

The fluctuating wind pressure coefficient with 𝑉(𝑛𝑤) =1.20 

m/s was significantly greater than those of the others. In 

addition, natural wind had an effect on the correlation 

coefficient of wind pressure in the range of 0 - 1.20 m/s. 

With the increase in natural wind, the correlation of wind 

pressure coefficient decreases. The correlation of wind 

pressure coefficient with 𝑉(𝑛𝑤) =1.20 m/s was significantly 

lower than the others. Therefore, it is recommended that the 

building wind pressure coefficient transiting test should be 

carried out when the natural wind was <1.20 m/s after 

meeting the other test requirements. 
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