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Abstract- The height and length of high embankment walls affect ambient air current flow. This study examined changes in 
wind velocity before and after the construction of a highway embankment wall. A wind tunnel test and computational fluid 
dynamics were employed to look at the characteristics of the air current flow surrounding the highway embankment wall. 
According to the results of the analysis, the highway embankment wall greatly affected the changes in the air currents. In 
particular, when a highway embankment wall is constructed, wind velocity decreases by 10 to 40%, according to its location. 
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I. INTRODUCTION 
 
When constructing a highway, the road is built using 
highway embankments. Such artificially constructed 
roads harm neighboring crops by disturbing sunshine 
and ventilation. In particular, embankments for a 
highway constructed in a fruit growing area disturb 
the natural flow of the air, changing the ambient 
temperature. They can trigger a great deal of damage, 
such as withered fruit trees, decreased fruit harvest, 
and a degraded quality of the fruit resulting from 
delayed blossoming. To prevent cold weather damage 
caused by ambient air current stagnation near 
highway embankment walls, a wind corridor is 
usually installed around the walls, but few effects are 
obtained. Cold weather damage triggered by highway 
embankment walls near an orchard occurs mostly in 
spring when the wind is weak. In a slope or 
mountainous topography, complex air current flow 
occurs, unlike flat ground. Miller and Davenport[1] 
studied increases in wind velocity in complex 
topography. In complex topography, wind velocity 
decreases compared to a single line connecting high 
points of ridges or a slope. In addition, when a wind 
velocity guideline for ridges or slopes proposed by a 
load standard was applied to complex topography, the 
wind velocity increase rate was overestimated. Weng 
proposed measuring the air current flow of complex 
topography by considering the topography and 
surface profile using actual measurement and wind 
tunnel test techniques. Li et al. and Thanh and 
Chris[2,3] compared the effects of   
 
topography on the designed wind velocity used by 
five load standards (ASCE/SEI 7-05, AS/NZS.1170.2 
: 2002) [4,5]. They analyzed the wind velocity 
characteristics according to the incline of the 

topography and each load standard. According to 
their results, there was an important difference in the  
effect of the wind velocity increase from each load 
standard. It was verified that such differences had to 
do with the standards for evaluating topography. 
Research on mountainous topography has examined 
the wind velocity distribution of a single mountainous 
topography. However, the distribution of complex 
mountainous topography affects wind velocity 
distribution. Cho et. al.[6] calculated wind velocity by 
conducting computational fluid dynamics (CFD) on 
different points surrounding two cone-type 
mountainous topographies with the same height. 
According to the study results, the wind velocity of 
the low locations increased due to the funnel effect 
because the two mountains were close to each other. 
The present study examined the effects of the 
construction of a road in diverse mountainous 
topographies on ambient air current. To this end, a 
wind tunnel test and CFD analysis were carried out. 
 
II. LOCATIONS AND STUDY METHODS 
 
The study looked at two areas of highway 
embankments. Before the highway embankments 
were constructed, wind flowing downward from the 
mountain probably flew down the mountain naturally. 
However, it was judged that after the highway 
embankment walls were constructed, they affected air  
current flow. To evaluate the wind velocity flow 
around the highway embankments, two kinds of 
experiments were performed.  
 
1) A model of the land was created and a wind tunnel 
experiment aimed at examining wind velocity 
changes at each location before and after the 
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construction of highway embankments was 
conducted.  
2) The characteristics of the wind velocity changes at 
each location were analyzed before and after the 
construction of the highway embankments using CFD. 
For Experiment 1, a wind tunnel test and CFD were 
conducted at the same time to examine the wind 
velocity changes before and after the construction of 
the highway embankment walls. A comparison 
between the wind tunnel test and CFD was conducted. 
For Experiment 2, the wind velocity changes before 
and after the construction of the highway 
embankments were examined. Experiment 1’s height 
was 13.1 m and its length was 1.5km. Experiment 2’s 
height and length were 1km, respectively. Fig. 1 
shows the appearance of the models. 
 

 
(a) Experiment 1 

 

 
(b) Experiment 2 

Fig 1.  Experiments 
 
III. WIND TUNNEL TEST  
 
3.1 Experiment 1 
To look at the air current flow around the highway 
embankment walls, a wind tunnel test was performed 
by creating a 1/150 earth model. A wind tunnel test 
model was created with the radius of 1 km, with the 
highway embankment wall as the center. The  
wind tunnel earth model was made of styrofoam. An 
aluminum bar was installed, aimed at measuring the 
wind velocity within the land. A large atmospheric 
boundary layer wind tunnel has a vertical circulation 
closed circuit, and the size of the cross section of the 
measured part of the tunnel was 12 m in width, 2.5 m 

in height, and 40m in length. Fig. 2 shows the 
experimental site model installed within the wind 
tunnel. In the experiment to look at the wind velocity 
changes in the areas surrounding the highway 
embankment walls, the size of the wind velocity was 
measured using a multiple point wind gauge (System 
6242 Model 1560). The wind velocity experiment 
was conducted in five locations just below the walls 
of the highway embankments and 14 locations of 
random distance from the highway embankment 
walls. 
 

 
(a) Before 

 

 
(b) After 

Fig 2. Land model installed inside of the wind tunnel 
 
3.2 The results of the wind velocity measurement 
For an analysis of the experimental results, the 
concept of wind velocity ratio was employed. The 
wind velocity ratio (R) was defined in formula (1). 
The reference wind velocity ( RU ) was based on the 
height of the highway embankment walls and the 
experiment was conducted for three kinds of wind 
velocity (3 m/s, 5 m/s, and 7 m/s).  
 

ihU )(  indicates the wind velocity value for each 
point measured from the 19 measurement points. 

R

ih
i U

UR )(
                               (1) 

When the velocity ratio (velocity after construction/ 
velocity before construction) is 1 or more than 1, it 
means increased velocity after the construction of the 
highway embankments. When the value is smaller 
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than 1, it means a decrease in velocity. Fig. 3 shows 
the locations where the velocity was measured and 
the vertical distance from the height of the highway 
embankment wall. The topographies surrounding the 
highway embankment walls had an average level 
difference of -8.5m. Measured location 5 had the 
greatest level difference at -11.5 m from the road. 
Measured location 19 had a level difference of -11.9 
m, although it was distant from the highway 
embankment walls at over 5H(10 m).  
 

 
Fig.3 Wind Direction Angles and Measurement Locations 

 Used in the Wind Tunnel Test(Experiment 1) 
 
Fig.4 illustrates the wind velocity ratio according to 
each wind direction angle at measured locations 5 and 
9. At measured location 5, the wind velocity ratio was 
at a maximum of 0.3. The wind velocity decreased a 
lot near the highway embankment walls. When a 
location was at a distance of more than 5H from the 
highway embankment walls, the maximal velocity 
decrease ratio of the wind velocity ratio was small at 
0.5. The farther a location was from the highway 
embankment walls, the smaller was the decrease rate 
of the wind velocity. There was no great difference in 
the changes in velocity. Nonetheless, the farther from 
the wall of highway embankments, the smaller was 
the wind velocity decrease rate. The wind velocity 
and distance from the highway embankment walls 
affected the wind velocity. 
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(a) Point 5 
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(b) Point 1 

 
Fig. 4. Wind Velocity Ratios According to Wind Direction 

Angle Changes 
 
IV. CFD 
 
CFD analysis was performed on the models of the 
wind tunnel experiment. The software used for the 
CFD analysis was STREAM 9.0. As in the wind 
tunnel experiment, the value was α = 0.15 and an air 
current similar to suburban areas was formed. As for 
the turbulent flow model, standard k-ε was used. 
 
4.1  Experiment 1 
Other conditions, including land form and 
arrangement, were modeled into 1/150, which was 
the same as in the wind tunnel experiment. Fig. 5 
illustrates the CFD modeling before and after the 
construction of the highway embankment walls. The 
modeling size of the highway embankment walls was 
the same as in the wind tunnel experiment. The wind 
direction angles were from the SSW direction, where 
the valley wind flew. The analyzed wind velocity was 
5 m/s from the height of the road, which was the 
same as in the wind tunnel test, as was the wind 
velocity analysis location.  
 

 
(a) Before 
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(b) After 

Fig. 5. CFD Modeling Before and After the Construction of 
Embankment Walls (Experiment 1) 

 
Fig. 6 displays the wind velocity ratios in the wind 
tunnel test and CFD when the wind direction angle 
was SSW. According to the results of the wind 
velocity ratio analysis, the CFD analysis result was 
greater in some measured areas than in the wind 
tunnel test. This is thought to be because some 
differences occurred in the modeling process of the 
wind tunnel model. Nonetheless, the overall wind 
velocity distribution form was consistent. 
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Fig. 6. Wind Velocity Ratios from the Wind Tunnel Test and 
CFD (Model 1) 

 
4.2  Experiment 2 
For Experiment 2, only a CFD analysis was 
performed. The modeling scale was 1/150. The 
analyzed wind direction angle was southern, because 
of the main wind direction in the analyzed area. Fig.   
 
7 shows the locations of 21 measured points near 
highway embankments. The wind velocity was 
analyzed for the velocities of 3 m/s and 5 m/s.  
 

 
Fig. 7. CFD Prediction Locations (Experiment 2) 

Fig. 8 illustrates the air current flow before and after 
the construction of the embankment walls according 
to the wind velocity changes of Experiment 2. 
Overall, the ambient air current flow became very 
small after the construction of the embankment walls.  
 

 
(a)  Before (velocity 3m/s) 

 

 
(b)  Before (velocity 5m/s) 

 

 
(c) After (velocity 3m/s) 

 

 
(d) After (velocity 5m/s) 

Fig. 8. Wind Velocity Changes and Air Current Flow Before 
and After Construction of a Road (Experiment 2) 
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Fig. 9 shows the wind velocity ratio of each measured 
location. In all the predicted locations, the wind 
velocity ratio was small at less than 1. In addition, 
after the construction of the embankment walls, the 
velocity decreased. In the case of measured point 1 
nearest to the embankment walls, the wind velocity 
decreased by more than 38%. In other predicted 
areas, wind velocity decreased in the range of 10 to 
20%. Even though the wind velocity analyzed by 
CFD increased by 5 m/s, the overall wind velocity 
ratio change was not greatly different from the wind 
velocity of 3 m/s. The wind velocity increases did not 
affect the changes in the wind velocity ratio. 
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Fig. 9. Wind velocity ratio at each prediction location 

according to wind velocity changes 
 

CONCLUSION 
 
The results of the study on changes in wind velocity 
around highway embankment walls are as follows. 
When highway embankment walls are constructed, 
the ambient air current form changes, affecting wind 
velocity. In this study, the surrounding topography 
had a valley form, and the wind velocity ratio 
decreased to less than 1 after the construction of the 

embankment walls compared to before their 
construction. In addition, the wind velocity decrease 
was greater in the parts that were a certain distance 
from the embankment walls compared to the area 
right below the embankment walls. According to the 
wind tunnel test and CFD analysis results, they had 
the same wind velocity distribution tendency. 
Therefore, the prediction of wind velocity changes 
using CFD analysis results is possible. 
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