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Abstract: Complex terrain conditions of wind farms, the large weight and the long size of wind
turbine equipment, the high economic requirements of transportation on roads, and a shortage of
relevant standards and codes lead to difficulty in road design and route selection of wind farms.
In addition, frequent excavations and landfills in wind farm construction have seriously destroyed
vegetation cover and soil structure on the primary surface, resulting in a large amount of water and
soil loss and ecological damage to the wind farm. In view of the above problems, this paper reviews
the relevant research status of the wind farm road route selection method, circular curve, longitudinal
section design index, and water and soil loss problems, and summarizes them. Several calculation
models for circular curve widening, the recommendation of a minimum radius under different
restrictions, calculation models for longitudinal slope and vertical curve, and recommended values
are listed. The causes of water and soil losses in wind farms are discussed and the characteristics of
the diversity of erosion and the uneven distribution of time and space are put forward. Prediction
models of wind farm water and soil loss and comprehensive prevention measures are given. The
existing problems in the road design field of wind farms are put forward and the future development
direction in this field is forecasted.

Keywords: wind farm road; circular curve; vertical section; water and soil loss

1. Introduction

With the increasing demand for energy conservation and emission reduction and the
reduction in the cost of generating electricity from renewable energy sources, global wind
energy and other new energy generation industries have developed rapidly. In terms of
wind power generation, according to the data of the Global Wind Energy Association, by
the end of 2021, the total installed wind power in the world was 837 GW, of which China
ranked first with 338.31 GW. According to the data from the State Energy Administration,
the cumulative installed capacity of wind power in China reached 328.5 GW in 2021,
accounting for 13.8% of the total installed capacity of domestic power generation, next
only to hydropower and thermal power. Wind power is green energy. Compared with
other new energy generation technologies, wind power has the advantages of a short
construction period, mature technology, high reliability, and low cost, and has a very broad
development prospect.

Domestic and foreign scholars have carried out relevant research on wind farm con-
struction and concluded that the difficulty of road construction in mountainous wind farms
directly affects the cost of wind farm construction. Road construction in mountainous wind
farms occupies only a small part of the investment cost of wind farms, generally about
10%. However, it accounts for more than 50% of the construction cost of civil engineering
and is a very important part of project cost control. On the other hand, with the large-scale
development of wind power projects in recent years, the terrain resources, which are very
advantageous to the construction of wind power, are becoming increasingly tense. The
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type of onshore wind farm is pushing forward in areas where the wind resources, such
as hills and mountainous areas, are better but the relative investment in the construction
of wind power projects increases greatly. During equipment transportation during the
construction period of the wind power plant, the tower, blade, engine room, wheel hub, and
transformer of the wind power unit are all heavy pieces, which have special requirements
for wind power roads and make road design difficult. Therefore, it is very important to
systematically study the road of wind farms.

Through a lot of research on relevant literature on the road design of wind farms, this
paper summarizes and compares the design methods of road route selection optimization,
circular curve design, and longitudinal section design. This paper summarizes the causes
and characteristics of water and soil losses in wind farms, lists the methods for predicting
the intensity of water and soil losses in wind farms at present, sums up the measures for
preventing water and soil losses in wind farms based on the previous studies, and puts
forward the measures system for preventing water and soil losses in wind farms. Finally,
according to the existing research results and the development status of the wind power
industry, the problems faced by wind power road construction are summarized and its
development prospects are forecasted.

2. Research on Line Selection Method Optimization

Traditional route selection is divided into paper route determination and field survey
route selection. Indoor route selection is carried out on a small-scale topographic map.
According to collected data, several better schemes are determined after comparative
analysis, and the best route is finally determined after a field survey. The topographic map
is restricted by such disadvantages, such as small scale and poor current situation, and the
topographic features are quite different from the actual situation. To solve this problem,
many scholars have improved and optimized the route selection method, which can be
divided into three types: airborne surveying equipment auxiliary survey, professional
software auxiliary design, and the intelligent road route selection model.

2.1. Auxiliary Survey of Aerial Surveying Equipment

The wind farm topographic survey is an important link in the whole road design
stage. The accuracy of the topographic survey indirectly affects the overall cost of road
engineering and the construction difficulty of wind farms. The traditional way of wind
power road design is that the designer uses measuring equipment to carry out the on-site
survey, but is the work of external mapping heavy and can some special terrain not be
precisely measured? In order to improve the quality of the electric power survey and
design and the progress of the survey and design, aviation survey technology, as a survey
means, has been widely used in the electric power industry survey and design.

Wei Liu [1] and others combined the application example of unmanned aerial vehicle
(UAV) aerial survey technology in a wind farm in Inner Mongolia and completed the
aerial survey work of the wind farm once by using the aerial survey technology. The effect
diagram of the digital elevation model generated by this technology is shown in Figure 1.

Jie Zhang [2] proposed the generation of a digital wind farm corridor by unmanned
aerial vehicle (UAV) on-board radar. By introducing the practical application of LiDAR
technology in the Hunan Dama wind farm project, the feasibility of the application
of LiDAR technology in the wind farm project is explained. The workflow is shown
in Figure 2.
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2.2. Professional Software-Aided Design

Mohamed El Masry et al. [3] used the STROBOSCOPE simulation tool to simulate
the construction process of the wind farm. The simulation result of the tool can calculate
the excavation and filling quantity generated according to different routes when the ap-
proach road is constructed, which significantly reduces the construction cost and time.
Feng-yu Ma [4] and others attached the design results to the Google Earth satellite image
(Figure 3) and corrected the position of the road path on the digital topographic map
according to the actual natural terrain, thus improving the design quality. Jian Xiao et al. [5]
used BIM and topographic information systems to carry out three-dimensional modeling of
the proposed site and buildings and realized automatic route selection and collection line
planning and design based on three-dimensional real-world modeling of unmanned aerial
vehicles. Ke-ren Chen [6] and others integrated GIS with BIM for the first time, applied a
three-dimensional design mode to wind power design, developed a three-dimensional digi-
tal design platform for wind farms, assisted professional designers to design synchronously,
and guided field installation and construction of equipment by a three-dimensional digital
model, which improved the precision of project construction.
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2.3. Intelligent Road Routing Model

Shi-qing Zeng et al. [7] established a road centerline planning network model con-
sidering the multi-dimensional and complex terrain environment of wind farms in order
to meet the demand for intelligent road design for the safe transportation of fan equip-
ment. Based on the traditional GIS routing algorithm, they proposed a method for road
optimization design of wind farms with multi-dimensional terrain and fan parameter
constraints. The algorithm flow of this method is shown in Figure 4. It breaks through the
limitation of traditional road design, mainly relying on CAD-aided mapping technology in
the overall expression of multi-dimensional space and realizes the complete expression of
three-dimensional real-world information of wind farm roads.
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Figure 4. Algorithm flow.

Tao Zhou [8] and others utilized the method of road optimization design based on
the multiple linear programming (LP) model. The model’s algorithm flow is shown in
Figure 5, which realizes the rapid construction of planar roads taking into account the
construction cost of wind power projects and the road alignment design specifications in
the three-dimensional GIS environment, and finally obtains the route design scheme with
the best construction cost and standardized revision.
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Figure 5. LP model’s algorithm flow.

Yue-shuang Wang [9] and others used GIS to collect, store, manage, and analyze
geospatial information. Based on the intelligent route selection model of mountain wind
farm road based on the improved A* algorithm (Figure 6), the road route selection was
optimized according to the characteristics of mountainous areas. Finally, the intelligent
route selection was realized through GIS by Python programming.
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M. Kotb et al. [10] proposed an optimal approach road route solution formula based on
genetic algorithm (GA) technology for precise and fast planning of the construction process.
An illustrative example was implemented in M ATLAB to verify the applicability of this
formula and reduce time costs. Long-fei Wang et al. [11] established the extended network
structure of wind power units based on vehicle-mounted GPS data and combined it with
wind power operation and maintenance business scenarios using the SOM clustering
method, and then used the Dijkstra algorithm to find the optimal path between units,
solving the road planning problem between units in operation and maintenance of the
wind farm and reducing the operation and maintenance costs. The logic of the algorithm is
shown in Figure 7.
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Kui-bin Yang [12] and other wind farm layout optimization problems based on the
Jensen wake model are modeled as objective functions and constraints. Considering the
influence of the wake superposition area, they are solved by the genetic algorithm and
mathematical programming method. A joint automatic optimization method for road
position in the wind farm field based on a software algorithm is proposed.

Aerial surveying equipment and professional software aids improve the design only
by improving the accuracy of topographic maps and reducing field operations. How-
ever, the establishment of the intelligent road route selection model can consider the local
geographical environment, road level, vertical and horizontal combination, design spec-
ifications, and other aspects of comprehensive route selection. Therefore, the intelligent
road route selection model is more suitable for road route selection than the two methods
mentioned above.

3. Research on Circular Curve Design
3.1. Circular Curve Widening

The widening of the circular curve can be divided into two cases. The first case is that
the rear wheel of the vehicle deviates toward the center of the circle when the vehicle is
driving on the circular curve, which increases the horizontal space required for the vehicle
to pass. The road width cannot meet the traffic demand, so the inside of the road needs
to be widened. The second situation is that when the fan blades are transported by a flat
semi-trailer, there will be a section of suspended part at the tail of the trailer due to the
long blade length. When the vehicle turns, this part will also increase the horizontal space
required for the vehicle to pass through the circular curve. The road width cannot meet the
traffic demand of vehicles loaded with blades, so the road needs to be widened, as shown
in Figure 8.
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Ying-fu Guo et al. [13] calculated theoretically the minimum turning radius and road
occupation of the blade lift vehicle. Compared with ordinary semi-trailers, through ex-
ample analysis, they demonstrated that the blade lift vehicle has higher adaptability to
road conditions than ordinary vehicles. Xin-liang Yao [14] divided the curve into full
excavation type inner curve, internal filling and external excavation type inner curve,
internal excavation and external filling type outer curve, and full filling type outer curve
according to the different filling and excavation conditions on both sides of the road.
On this basis, he established the geometric widening calculation model of the horizontal
curve, inner curve, and outer curve of the wind power road, and calculated inner and
outer curve widening values of 750 KW, 1500 KW, and 2500 KW fans by combining with
the size of common transport vehicles and wind turbine equipment in the wind farm.
Kang-dong Chen [15], Jian-wen Du [16], and others calculated the pavement widening
values under different radii based on the highway widening calculation model combined
with the size of common equipment in the wind farm. Yong-hong Yang et al. [17] cal-
culated the road widening value and tail flick value corresponding to different radii by
establishing a geometric model. Mei-Xuan Ji [18] established the calculation model of
the geometric widening value in combination with wind power road design experience.
Kang-dong Chen [19] calculated the widening values of the inner and outer bends of the
fan units with a power of 1500 KW and 2000 KW and analyzed the clearance space of the
wind power road. Yi-ming Zhao [20] summarized the current typical transport vehicles and
blade sizes at home and abroad, and obtained the recommended road widening value by
simulating the turning process of tractors and semi-trailers carrying no-load and fan blades.
Yong-hong Yang [21] and others improved the road widening value model by analyzing the
wheel track based on the rear wheel steering principle of articulated trains, combined with
vehicle dimensions and flat curve elements. La-chun Ren [22] and others calculated the
shoulder widening value by using the Auto Turn turning simulation software. Compared
with the traditional method of Auto Turn, the simulated vehicle turns are accurate, fast,
and convenient. In addition to the above research, the Code for Design of Roads in Wind
Farm Engineering [23] also established widening calculation models for rear wheel steering
and non-rear wheel steering transport vehicles. The above widening design models are
shown in Figures 9–12.
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Geometric Calculation Model for Road Widening Design of Wind Farms
(Model A)
Sketch Map:
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Theoretical model:
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L1(1− cos β cos α)
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2
(1)

When the blade root rotates outward with a bracket:

OH =

√{
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+
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2
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The blade tail rotates inward:
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α—Maximum deflection angle of the front outer wheel of the tractor (rad);
L1—Wheelbase of the tractor (m);
L2—Distance between the axle of the semi-trailer and traction pin (m);
β—Angle between the central axis of the tractor and semi-trailer (rad);
L3—Length of blade tail extension after blade loading (m);
Lb—Fan blade length (m);
W—Tractor width (m);
W ′—Semi-trailer width (m);
δ—Rotation angle of the fan blade centered on point S from the installation end (rad).
(Model B)
Sketch map:
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Theoretical model:

W =

√
(a + b′)2 +

(
d1

2
+

c
sin θ

+ e · sin θ

)
−
(

c
tan θ

− d2

2

)
(5)

φ = arccos
d1
2 + c

sin θ + e · sin θ

R′
(6)

Model parameters:
a—Tractor front suspension (m);
b′—Wheelbase of the tractor (m);
c—Projection of the distance from the intersection of the tractor’s rear axle center-

line and the semi-trailer’s longitudinal axis to the semi-trailer’s rear axle centerline on a
horizontal plane (m);

d1—Tractor width (m);
d2—Semi-trailer width (m);
e—Projection of the distance from the intersection point of the tractor’s rear axle

centerline and the semi-trailer’s longitudinal axis to the articulation point on the horizontal
plane (m);

f —Projection of the distance from the pintle hinge point of the semi-trailer to the front
of the semi-trailer on a horizontal plane (m);

g—Semi-trailer rear suspension (m);
θ—Articulation angle between tractor and semi-trailer (rad);
ϕ—Tractor front wheel angle;
R′—Turning radius at the front of the tractor (m);
r—Rear turning radius of the semi-trailer (m);
W—Road width (m).
(Model C)
Sketch map:
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Bin =


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Model parameters:
R1—Distance between the hinge angle and point O of the circle center (m);
R2—Distance between center of the rear axle of the semi-trailer and point O of the

circle center (m);
L1—Distance from the center of the tractor’s front axle to the hinge pin (m);
L2—Distance between the hinge pin and the trailer’s rear axle center (m);
ϕ—The angle at which the tractor travels around the center point O (rad);
γ—The angle between R1 and R2 (rad);
S—Distance from the circular curve (m);
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θin—Articulation angle of the non-rear wheel steering vehicle when driving into a
circular curve (rad);

θin
′—Articulation angle of the rear wheel steering vehicle when driving into a circular

curve (rad);
θout—Articulation angle of the non-rear wheel steering vehicle when driving out of a

circular curve (rad);
θout

′—Articulation angle of the rear wheel steering vehicle when driving out of a
circular curve (rad);

Bin, Bout—Widening value of entering and exiting a circular curve (m);
Φ—Horizontal curve angle value (rad).

3.2. Radius of a Circular Curve

At present, there are two main directions to study the minimum radius of a circular
curve of wind farm roads. The first is to analyze the lateral slip stability and lateral
overturning stability of vehicles when driving and consider the impact of tail flick on
this basis. For example, Yong-hong Yang [17] systematically studied the influence of the
traverse slip stability, traverse overturning stability, and tail flick suspension steady turning
by referring to the turning stability and driving track of the typical vehicles. The research
shows that the turning radius of the horizontal curve of the fan transport road is mainly
affected by the tail flick suspension steady turning. The general minimum radius and the
limit minimum radius of the horizontal curve of the fan transport road are recommended
(Table 1). Yi-ming Zhao [20] analyzed the design requirements of the circular curve radius
from three aspects of tail flick suspension steady turning, lateral sliding stability, and
overturning resistance based on the representative transport vehicles and blade sizes at
home and abroad at present. Kai-zhi Ma [24] and others studied the maximum value and
limit value of the horizontal curve turning radius of the wind power transport road from
two aspects of lateral slip and lateral overturn, taking the actual project as the background,
combining the investment cost composition of the wind farm, the characteristics of wind
power equipment, and the performance of transport vehicles. They concluded that the
value of the horizontal curve radius of the wind power transport road is mainly affected
by the vehicle driving track during the steady-state turning and the special vehicle for the
transport of wind turbine blades.

Table 1. Recommended minimum radius of a horizontal curve [17].

Speed/(km·h−1) General Minimum Radius/m Ultimate Minimum Radius/m

10 40 30
12 60 35
15 90 45
18 130 60
20 160 80
22 190 100
25 250 120

The second is to determine the minimum radius of the circular curve based on
the widening limit. For example, based on the design experience of the wind farm,
Xin-liang Yao [14] proposed that the minimum radius of the inner and outer bends of
the horizontal curve should be determined by no more than a 10 m increase in width
of the horizontal curve, and calculated the minimum radius of 750 kW, 1500 kW, and
2500 kW fans, as shown in Table 2. Yong-hong Yang [21] and others put forward the
method of selecting the radius of the circular curve with the road widening value as the
limiting condition when the filling and excavation is limited. Taking a road width of less
than 3 m as an example, they put forward the recommended value of turning half diameter
of “steering rear wheel” and “non steering rear wheel” vehicles under different wheelbase
and angle conditions, which is 20~80 m.
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Table 2. Minimum radius with a widening limit of 10 m [14].

Fan Unit
Internal Curvature Camber

Minimum Radius No Widening
Minimum Radius Minimum Radius No Widening

Minimum Radius

750 kW 15 60 15 45
1500 kW 25 110 20 85
2500 kW 35 135 30 110

Table 1 shows the recommended values of the minimum radius under the conditions
of lateral sliding and overturning, and Table 2 shows the recommended values of the
minimum radius under the conditions of widening limit when the speed is 15 km/h. It can
be found from the values in the two tables that the radius in Table 2 is smaller. In addition,
considering the lateral slip and overturning conditions, it is applicable to roads with high
speed. The terrain conditions of the wind farm are relatively complex. If it is impossible
to change the geometric layout of the road or remove the obstacles that restrict visibility,
the designer will reduce the speed limit [25]. The design speed of the wind farm road is
generally 15 km/h, and the impact of lateral sliding and overturning is small. However,
due to the large size of the wind power equipment, it has higher requirements for the
horizontal traffic space of the road. Therefore, the minimum radius determination method
limited by widening is more suitable for the road design of wind farms.

4. Research on Profile Design

Yan-liang Zhao [26] used Latitude 3D road design software based on a 3D ground
model and real-time drag technology to dynamically and interactively complete the hori-
zontal, vertical, and cross-section design of the road route on the computer. By using the
Latitude 3D road auxiliary system for the second phase project of the Jinzishan Wind Farm,
the work efficiency was greatly improved. Yuan-yuan Guan [27] analyzed the harm of
the wind power plant road caused by sand activities and expounded the route selection
ideas and design points of the wind power plant road in the desert area combined with
the actual project. In order to reduce the influence of sand buried on the road of the wind
power plant, the longitudinal section design of the route should adopt the appropriate
height embankment scheme. Rong-mei Zheng [28] and others established the templates
required by roads in the project through the template design function of power civil in the
design of alpine wind power sites with complex terrain conditions. They generated various
roads according to the project terrain. In the cross-section template library, they generated
the road model for verification according to the design needs, making the road modeling
more efficient, avoiding dangerous sections, and helping to promote the application of the
three-dimensional model of roads in the wind farm site.

The cabin of large equipment of the wind turbine generator is the heaviest, so the
maximum gradient of the road should be based on the climbing capacity of transport
vehicles. According to the requirements of the transport manual of wind turbine generator
manufacturers and in combination with the construction experience of wind farms in China
for many years, the method for determining the maximum longitudinal gradient is summa-
rized by Mei-xuan Ji [18], and it is concluded that the maximum longitudinal gradient of
the road is 14%, which can meet the transport requirements of the wind turbine generator.
Generally speaking, in areas with relatively good conditions, the average longitudinal slope
of wind farm roads should not be greater than 5.5%. When the longitudinal slope of the
road is continuously greater than 5%, a gentle slope section shall be set. The gradient of the
gentle slope section shall not be greater than 3% and the length shall not be less than 50 m.

Through the analysis of the wind farm fan equipment and the domestic fan transport
models, aiming at the traction force on the driving shaft and the calculation of driving
resistance, Xin-liang Yao [29] and Jian-wen Du [30] presented the calculation formula of
the traction force on the driving shaft and the driving resistance of the vehicle, as shown
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in (14) to (19). In combination with the driving balance equation of the vehicle, the max-
imum climbing slope value of the engine room transport vehicle is calculated, and the
calculation formulas for the maximum gradient angle and the maximum gradient of trans-
port vehicles are shown in (13). Through the calculation of road transport of wind farms
with three types of wind turbines commonly used in China at different altitudes, the
maximum gradient of the typical models used are calculated, respectively, and the design
value of the maximum longitudinal gradient of wind farm roads for designers’ reference is
obtained (Table 3).

Table 3. Maximum climbing angle and maximum climbing value of typical vehicle models used by
units of different levels.

Wind Farm Altitude/m
Maximum Gradient Angle αImax/(◦) Maximum Climbing imax/%

1500 kW 2000 kW 3000 kW 1500 kW 2000 kW 3000 kW

0~500 8.749 5.537 3.31 15.4 9.7 5.8
500~1000 8.054 5.037 2.943 14.2 8.8 5.1
1000~1500 7.395 4.562 2.595 13.0 8.0 4.5
1500~2000 6.768 4.111 2.264 11.9 7.2 4.0
2000~2500 6.174 3.683 1.950 10.8 6.4 3.4
2500~3000 5.611 3.276 1.651 9.8 5.7 2.9

 αImax = arcsin λDImax− f
√

1−λ2D2
Imax+ f 2

1+ f 2

imax = tan αImax

(13)

In the above formula:
αImax—The maximum gradient angle that can be overcome by the lowest gear;
DImax—The maximum dynamic factor of the lowest gear;
λ—The altitude load correction factor for the dynamic factor;
f —Rolling resistance coefficient;
imax—Maximum climbing.
Calculation of traction force on automobile drive shaft and resistance during driving

(1) Tractive force

T =
Mk
r

=
MγηT

r
(14)

T—Tractive force (N);
Mk—Automobile driving wheel torque;
M—Engine crankshaft torque (N ·m);
γ—Overall gear ratio;
ηT—Mechanical efficiency of the transmission system;
r—Wheel working radius (m).

(2) Air resistance

RW =
1
2

KAρv2 =
KAV2

21.15
(15)

RW—air resistance (N);
K—Air drag coefficient;
A—Vehicle windward area;
ρ—Air density;
v—Relative speed of the vehicle and air (m/s);
V—Relative speed of the vehicle and air (km/h).
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(3) Road resistance

RR = R f + Ri = G f cos α + G sin α = G( f cos α + sin α) (16)

RR—Road resistance (N);
R f —Rolling resistance (N);
Ri—Slope resistance (N);
G—Total vehicle gravity (N);
f —Rolling resistance coefficient;
α—Slope angle of the wind farm road.

(4) Inertial drag

RI = δ
G
g

a (17)

RI—Inertial drag (N);
δ—Inertial force coefficient;
G—Total vehicle gravity (N);
g—Gravitational acceleration (m/s2);
a—Vehicle acceleration (m/s2).

For the fan transport road project, due to the super length of transport vehicles, in
the design of the vertical section and for the sake of driving safety, the minimum radius
and minimum length of the vertical curve at the gradient change of the road longitudinal
slope should be emphatically considered. Yong-hong Yang [31] and others studied and
obtained the calculation model of the minimum radius and length of the vertical curve
in view of the problems caused by different vertical curve linearity during the vehicle
driving process. It mainly ensures that the hanging part of the flailing tail of the blade will
not scratch the ground. The calculation model of the concave vertical curve is shown in
Formula (18). When designing the convex vertical curve, it mainly meets the rear elevation
limit requirements of the semi-trailer and mitigates the impact. The determination of the
length of the vertical curve mainly considers that the driving time is not too short and
determines the applicable range of gradient. The calculation model of the convex vertical
curve is shown in Formula (19). Finally, it is concluded that different design speeds and
slope difference ranges use different vertical curve radii and minimum lengths, as shown
in Table 4, which provides a reference for relevant design companies.

Table 4. Recommended minimum radius and length of the vertical curve of the fan transport road [29].

Design Speed/(km/h)
Minimum Radius of Concave Curve Minimum Radius of

Convex Curve/m
Minimum Length of

vertical Curve/mRecommended Value Slope Difference/%

5 200 4 ≤ w ≤ 10 100 10
10 200 6 ≤ w ≤ 10 100 12
15 200 8 ≤ w ≤ 10 100 16
20 250 8 ≤ w ≤ 30 150 20
25 250 10 ≤ w ≤ 30 200 25
30 300 10 ≤ w ≤ 30 250 30



Rmin = V2

4.1

Lmin = V
1.2

D = 3− (29.8− L
2 )w, L ≤ 29.8m

D = 3− 29.82

2R , L>29.8m

(18)
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 Rmin = V2

4.1

Lmin = V
1.2

(19)

In the above formula:
Rmin—Minimum vertical curve radius;
Lmin—Minimum vertical curve length;
D—The distance from the blade tail to the ground shall be calculated separately when

the vertical curve length is less than or equal to or greater than the blade tail length. The
safety judgment condition shall be that the distance does not exceed 1 m;

R—Vertical curve radius. When the semi-trailer is running on a concave curve, the
minimum curve radius corresponding to the safe front depression angle of the semi-trailer
during operation is 98.22 m, and the minimum curve radius corresponding to the safe front
depression angle during running on a convex curve is 85.94 m;

L—Length of the vertical curve;
V—Vehicle speed (km/h);
w—Slope difference between the two adjacent straight slope sections.
Wen Yang [32] and others took Taohuashan Wind Farm as an example to fully analyze

the wheelbase and chassis ground clearance of transport vehicles in the wind farm for the
transportation of major equipment in the wind farm. According to the main size parameters,
the minimum radius of the convex curve and concave curve of the road surface that meet the
requirements of transportation of major equipment in the wind farm shall be determined
by drawing and shall not be less than 135 m and 210 m, respectively. When modifying
the vertical curve of pavement, select the larger value in combination with the minimum
radius of the corresponding specifications of highway engineering as the minimum radius
of the vertical curve of pavement of the project. According to the characteristics of wind
power projects in mountainous areas, Shan-lin Zhang [33] proposed to make full use of the
natural terrain in the design of the vertical section, and at the same time, consider the needs
of large cargo transportation and control the maximum limit vertical slope not to exceed
the limit climbing capacity of transportation vehicles. The radius of the vertical curve of the
road is generally not less than 300 m on the premise of avoiding the floor from touching the
ground. At the same time, in order to save investment, the quantities of road excavation
and filling shall be reduced to the most reasonable range as far as possible during the profile
design. Kai-zhi Ma [24] and others, taking the actual project as the background, made a
comprehensive analysis of the vertical section in view of the problems encountered in the
vehicle transportation of mountain wind farms, comprehensively considered the vehicle
performance and traffic conditions, proposed the calculation method of the maximum
gradient that the vehicle can climb when driving at a constant speed. It is also concluded
that in practical engineering, when the longitudinal slope limit value is selected due to the
influence of terrain conditions and economy, the transportation mode of “pulling forward
and pushing back” can be used to increase the overall power of the vehicle.

5. Research on Water and Soil Loss

Water and soil loss refers to the phenomenon of simultaneous loss of water and soil
due to the impact of natural or human factors, rainwater not being absorbed on the spot,
downflowing, and eroding soil. Some scholars have investigated the vegetation and land
conditions in and around the wind farm. For example, Li-chen Zhang [34] and others
have investigated the vegetation coverage (FVC) of forest land, shrub, grassland, and
farmland in different zones and around Jiangjunshan Wind Farm in Yunnan Province. The
results show that the normalized vegetation index and the average vegetation coverage
in 2020 in the study area have decreased by 7.04% and 10.02%, respectively, compared
with 2015. Compared with the data of land use type conversion in the study area in
2014, the area of forest land, shrub land, and grassland decreased by 4.65%, 3.95%, and
4.17%, respectively, in 2017, and the area of farmland and construction land increased
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by 1.73% and 315.3%, respectively. Guo-qing Li [35] and others used MOD13Q1-NDVI
data from 2000 to 2014 to analyze the vegetation changes in the 50 km buffer zone around
Hui Teng-liang Wind Farm in Inner Mongolia. The results show that wind farms are not
conducive to vegetation growth in the wind farm area. Qing-chun Liu [36] and others took
the Huitengxile Grassland Wind Farm as an example for the vegetation sample survey and
the soil physical and chemical properties analysis. The results show that the construction
of the wind farm reduces the vegetation growth indicators in the wind farm. Compared
with the outside wind farm, the Patrick richness index, Simpson dominance index, Pielou
evenness index, Shannon Wiener diversity index, aboveground biomass, and plant height
of the vegetation inside the wind farm are reduced. It can be seen from the above studies
that the water and soil loss caused by the construction of wind farms will cause soil erosion
of cultivated land, reduce land fertility, make it difficult to restore vegetation, seriously
affect industrial and agricultural production, and damage the local ecological environment.
Therefore, it is necessary to prevent and control the water and soil loss caused by wind
farm construction.

5.1. Influencing Factors of Water and Soil Loss of Wind Power

There are two main factors causing water and soil loss. One is the natural factor, which
is caused by wind and water erosion. One is the human factor, which is the water and soil
loss caused by the destruction of the surface and vegetation caused by human production
and living activities. Some scholars have conducted the following research on the causes of
water and soil loss.

Xian-hua Meng [37], taking the Dafushan Wind Power Plant in Kangping County as
an example, analyzed the factors causing water and soil loss of the wind power project,
which mainly include the following 1. The excavation of the foundation trench in the
generator unit and box transformer area, piling, temporary stacking of spoil, building
construction, stacking of equipment and materials, burying of transmission lines, etc.,
which exposed the ground, damaged the topsoil, and damaged the original surface.
2. The stacking of construction materials at the construction and equipment storage sites
occupies the ground, damages the vegetation on the ground, and causes water and soil
loss. 3. Tower foundation cleaning, leveling, excavation, tower burying, transmission line
erection, etc. in the transmission line area, resulting in surface damage and destruction of
the original ground surface. 4. Excavation of the foundation trench of the booster station,
piling, temporary stacking of spoil, building construction, and stacking of equipment and
materials will expose the ground, damage the topsoil, and destroy the original surface.
5. Disturbance of the surface and soil layer structure during road construction. The
vegetation is damaged, resulting in excavation and cushion slope in some exposed sections.

Taking the Jianggongling Wind Power Project as the engineering background,
Hui Xun [38] analyzed the factors causing water and soil loss from different project compo-
nents according to the type and nature of the project site, project layout and construction
sequence, and disturbance characteristics, which mainly includes the following. 1. Site
leveling (including excavation and filling slope), foundation excavation, material stacking
and handling, mechanical rolling and equipment hoisting, and temporary soil storage in
the wind turbine control area. 2. Site leveling of the booster station in the control area of
the power transmission and transformation project (including excavation and filling slope),
foundation excavation, transmission line burial, and tower hoisting; a large amount of
earthwork excavation and backfilling of subgrade in the prevention and control area of
road works and trimming of excavated and filled slopes; the leveling in the prevention
and control area of temporary construction land, the stacking and handling of equipment
and materials, the concrete mixing site, etc. The above construction activities will damage
and disturb the original landform, land and plants, reduce the erosion resistance of bare
ground, and then induce water and soil loss.
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Kai Sun [39] analyzed the water and soil loss of the Doushan Wind Power Project and
found that the main factors causing water and soil loss during the construction period of
the wind power project are the following. 1. Site cleaning and leveling, mechanical rolling,
etc. 2. Road construction is used to disturb the surface and soil layer structure, causing
vegetation damage, and earth rock excavation for the laying of collector lines, causing
surface damage and destroying the original landform. The main reason for water and soil
loss during the operation period of the wind power project is that the original ecological
vegetation has not been restored after the completion of the wind farm construction,
resulting in the loss of its original protection function.

It is not difficult to see that during the construction of wind farms, the surface will
inevitably be disturbed, vegetation will be damaged, vegetation coverage and soil erosion
resistance will be reduced, and water and soil loss will be induced or aggravated.

5.2. Characteristics of Water and Soil Loss in the Wind Farm
5.2.1. Diversity of Erosion Forms

Xian-hua Meng [37], Zhong-qiang Yi [40], Li Mo [41], Xiao-yu Yin [42], Qi Tang [43],
Bai-hui Cao [44], and Zhi-jun Jia [45] analyzed the wind power projects in different regions.
They concluded that the soil and water loss in wind power plants is characterized by
the combination of point erosion, linear erosion, and area erosion. The point erosion is
mainly concentrated in the excavation and backfilling of the wind turbine area and fan box
transformer foundation, which will disturb the original landform and change the soil layer
structure. Linear erosion is mainly concentrated in the stripping of topsoils, such as road
works and power collection lines, subgrade filling, and pavement laying, which damage
the original vegetation and soil, forming artificial slopes and temporary soil stockpiles. The
temporary soil stockpiles are lost due to line erection and pole foundation excavation, and
the surface is disturbed. The area erosion is concentrated in the construction of the fan
installation site, booster station, waste disposal area, and other sites, and mechanical rolling
and construction material stacking will cause disturbance and damage to the original
landform and surface vegetation.

5.2.2. Nonuniformity of Time Distribution

Ji-cheng Sun [46], Wei Chen [47], Zhi-jun Wei [48], Xin-chang Zhao [49], and others
analyzed the water and soil loss in different time spans for different wind power projects
and found that the water and soil loss mainly occurred in the construction period. The
water and soil loss caused during the construction period is sudden, and the water and
soil loss is sometimes slight and sometimes very severe. Ao-lin Chen [50], based on the
Xiaoyi Xinyang Wind Farm Construction Project in Fenyang, Shaanxi, has made statistics
on the annual sediment yield after disturbance in different regions of the project (Figure 13).
According to the sediment yield in each month after disturbance in each region, there will
be a significant growth trend from June to August, which is the flood season. With the
increase in rainfall, the sediment yield gradually increases, and the degree of water and
soil loss becomes more severe.

In summary, the largest amount of water and soil loss occurs during the construction
period, which is the most serious period of water and soil loss. In addition, the amount
of water and soil loss will increase with the increase in rainfall. Therefore, try to avoid
construction in the rainy season to prevent the aggravation of water and soil loss.

5.2.3. Spatial Distribution Nonuniformity

Shao-fei Guo [51], taking the Jiyuan Wind Power Plant as an example, predicted the
amount of water and soil loss in different blocks of the wind power project (Figure 14). It
can be seen in the figure that the water and soil loss of the wind power project is mainly
concentrated in the wind turbine equipment area and road engineering area, while the
amount of water and soil loss in the booster station, transmission line area, and construction
production and living area is less.



Appl. Sci. 2023, 13, 4075 20 of 29

Appl. Sci. 2023, 13, x FOR PEER REVIEW 22 of 34 
 

Figure 13. Cumulative sediment yield of each month after a disturbance in each division [50]. 

In summary, the largest amount of water and soil loss occurs during the construction 
period, which is the most serious period of water and soil loss. In addition, the amount of 
water and soil loss will increase with the increase in rainfall. Therefore, try to avoid con-
struction in the rainy season to prevent the aggravation of water and soil loss. 

5.2.3. Spatial Distribution Nonuniformity 
Shao-fei Guo [51], taking the Jiyuan Wind Power Plant as an example, predicted the 

amount of water and soil loss in different blocks of the wind power project (Figure 14). It 
can be seen in the figure that the water and soil loss of the wind power project is mainly 
concentrated in the wind turbine equipment area and road engineering area, while the 
amount of water and soil loss in the booster station, transmission line area, and construc-
tion production and living area is less. 

Figure 13. Cumulative sediment yield of each month after a disturbance in each division [50].

Appl. Sci. 2023, 13, x FOR PEER REVIEW 23 of 34 
 

 
Figure 14. Distribution of water and soil loss in the predicted areas. 

Jun-song Chen [52] and others took a wind farm in Dali, Yunnan as the project back-
ground and calculated the area and proportion of water and soil conservation zones of the 
project (Table 5). Among them, the wind farm road project accounts for the largest pro-
portion and area, followed by the waste disposal area, and then the fan unit area. 

Table 5. Area and the proportion of water and soil conservation zones in the project area. 

Serial No. Water and Soil Con-
servation Zoning 

Area covered/hm2 Proportion/% 

1 Fan unit area 8.7 13.84 
2 Collecting line area 0.94 1.49 
3 Booster station area 0.94 1.53 
4 Road works area 37.56 59.73 
5 Waste disposal area 13.15 20.91 

6 Construction produc-
tion and living area 

1.57 2.50 

Kun-ping Wang [53] took the Shuangmiao Wind Farm in Kazuo County as an exam-
ple to discuss the impact of the construction and operation of the wind farm on the sur-
rounding ecological environment and proposed specific methods and measures for the 
restoration of the ecological environment of the wind farm. By comparing the area and 
amount of water and soil loss in different areas of the project (Table 6 and Figure 15), it is 
concluded that during the construction period, the construction road area is the main area 
producing water and soil loss, accounting for 59% of the total water and soil loss. 

Table 6. Area of water and soil loss in each region. 

Partition Project Construction Area Directly Affected Area Total 
Fan and box transformer area 3.53 0.60 4.13 

On-site road 14.98 9.32 24.30 
Transmission line 1.17 2.53 3.70 

66 kV booster station 0.54 0.00 0.54 
Temporary construction site 0.81 0.07 0.88 

Total 21.3 12.52 33.55 

0

500

1000

1500

2000

2500

3000

Fan equipment
area

Booster station
area

Line area Production and
living area

Tenporary traffic
area

Forecast results total water and soil loss Forecast results New water and soil loss

Figure 14. Distribution of water and soil loss in the predicted areas.

Jun-song Chen [52] and others took a wind farm in Dali, Yunnan as the project back-
ground and calculated the area and proportion of water and soil conservation zones of
the project (Table 5). Among them, the wind farm road project accounts for the largest
proportion and area, followed by the waste disposal area, and then the fan unit area.

Table 5. Area and the proportion of water and soil conservation zones in the project area.

Serial No. Water and Soil
Conservation Zoning Area Covered/hm2 Proportion/%

1 Fan unit area 8.7 13.84
2 Collecting line area 0.94 1.49
3 Booster station area 0.94 1.53
4 Road works area 37.56 59.73
5 Waste disposal area 13.15 20.91

6 Construction production and
living area 1.57 2.50
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Kun-ping Wang [53] took the Shuangmiao Wind Farm in Kazuo County as an example
to discuss the impact of the construction and operation of the wind farm on the surrounding
ecological environment and proposed specific methods and measures for the restoration
of the ecological environment of the wind farm. By comparing the area and amount of
water and soil loss in different areas of the project (Table 6 and Figure 15), it is concluded
that during the construction period, the construction road area is the main area producing
water and soil loss, accounting for 59% of the total water and soil loss.

Table 6. Area of water and soil loss in each region.

Partition Project Construction Area Directly Affected Area Total

Fan and box transformer area 3.53 0.60 4.13
On-site road 14.98 9.32 24.30

Transmission line 1.17 2.53 3.70
66 kV booster station 0.54 0.00 0.54

Temporary construction site 0.81 0.07 0.88
Total 21.3 12.52 33.55
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To sum up, the water and soil loss in the wind farm is mainly concentrated in the road
works and the fan unit area. There is less water and soil loss in the booster station, the
power collection line, and the production and living areas. The road works and the fan unit
area should be the key prevention areas for water and soil loss in the wind farm, and the
booster station, the production and living areas, and the power collection line area should
be the secondary key prevention areas.

5.3. Prediction of Water and Soil Loss Intensity of the Wind Farm
5.3.1. Division of Water and Soil Loss Prediction Units

Starting from access roads, working platforms for giant assembling cranes and un-
derground electrical infrastructure, a large number of geotechnical works are involved in
the construction of wind farms [54]. According to different functional areas during the
construction of the wind farm, it is divided into the construction of a bedding surface
(low soil bedding surface, high soil bedding surface), excavation surface (soil excavation
surface), and platform (booster station site, road pavement). According to the principle
that the loss characteristics and loss intensity of the same disturbance type are basically
the same, and the loss characteristics and loss intensity of different disturbance types are
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obviously different, and some scholars divide the prediction units into the fan project area,
booster station, construction road, power collection line, confluence route, and construction
camp [48]. Other scholars divide the prediction units into wind turbine area, monitoring
center, cable area, road area, construction, production, and living area [46]. Some scholars
divide the prediction units into fan foundation area, booster station area, power collection
line area, construction road area, construction production and living area, waste disposal
area, and topsoil storage area [49]. Some scholars divide the prediction units into fan
equipment area, booster station area, line area, production and living area, and temporary
traffic area [51].

5.3.2. Prediction of Water and Soil Loss Intensity

Xian-hua Meng [37] obtained an empirical formula of soil erosion in different regions
and land types through statistical analysis, as shown in (20) and (21). The predicted
results are near to the actual results and are suitable for predicting the amount of soil
erosion in western Liaoning. Ji-cheng Sun [46], Zhi-jun Wei [48], and Shao-fei Guo [51]
proposed empirical formulas for predicting the amount of soil loss in the wind farm area
in different periods and the amount of new soil loss, as shown in (22) and (23), which
provide strength prediction for water and soil loss during the road construction of the
wind farm and provide a basis for the selection of prevention measures, the layout of the
prevention measure system, the construction schedule, and the monitoring of water and
soil conservation.

Soil Erosion Models Applicable to Western Liaoning
Coverage formula:

E =


506.87− 5.22C S<5
2315.56− 24.58C 5<S<10
4614.4− 51.59C 10<S<15
9818.58− 115.75C 15<S<25

(20)

Parameter significance: C—forest and grass coverage; S—slope (◦).
Slope formula:

E = 62.95S1.53 (21)

Parameter significance: S—slope (◦).
The amount of soil loss in different periods is calculated according to the

following formula:

W =
2

∑
j=1

n

∑
i=1

(Fji MjiTji) (22)

The newly increased soil loss is calculated according to the following formula:

∆W =
2

∑
j=1

n

∑
i=1

(Fji∆MjiTji) (23)

In the above formula:
W—Soil loss (t);
∆W—Increased soil loss (t);
Fji—The predicted area of a unit in a certain period (km2·a);
Mji—Soil erosion modulus of a unit in a certain period t/(km2·a);
∆Mji—New soil erosion modulus of a unit in a certain period, t/(km2·a). It is equal

to the soil erosion modulus after disturbance minus the soil erosion modulus before
disturbance. Only positive values are counted, and negative values are counted as 0;

Tji—Forecast time of a unit in a certain period;
i—Prediction unit, i = 1, 2, 3, . . . , n;
j—Forecast period, j = 1, 2. The construction period includes construction preparation

period and natural recovery period.
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5.4. Prevention and Control Measures for Water and Soil Loss

The prevention and control of water and soil loss in the wind farm construction area
are generally divided into plant measures, engineering measures, and temporary measures.
Among them, plant measures should follow the principle of suitable trees for the site, select
suitable tree species according to the site conditions, and select the corresponding site type
according to the biological and ecological characteristics of the tree species. At the same
time, in order to improve the pest prevention ability of plants and have a certain ornamental
value, it is necessary to set up many kinds of plants [40]. The engineering measures mainly
involve land improvement and drainage of each subarea. The temporary measures are
mainly to protect the temporarily stacked soil with straw bags stacked with soil and covered
with a tarpaulin. During the design of water and soil conservation, some scholars [54–65]
implemented appropriate water and soil conservation measures for different functional
areas in combination with the project construction schedule and the characteristics of water
and soil conservation. Through sorting out and summarizing the prevention and control
measures put forward by scholars, the prevention and control measures system of wind
farm water and soil erosion is put forward (Figure 16).
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6. Problems in Road Design of Wind Farms
6.1. Unclear Constraints of Intelligent Line Selection Models

The function of the intelligent route selection model is to organically integrate the
abstract and difficult-to-understand spatial information and solve the optimal route of
the road by using the A* algorithm, genetic algorithm, Dijkstra algorithm, and other
technologies, and taking the interference factors existing in the process of route selection as
constraints. At present, the researcher holds their own views on the selection of constraints
for the intelligent route selection model in China. Shi-qing Zeng [7] and others have
designed an intelligent route selection model based on the constraints of distance, slope,
and the amount of filling and excavation. Tao Zhou [8] waits to reconsider the road
alignment design specifications and the influence of road transportation safety on route
selection. Yue-shuang Wang [9] takes the longitudinal slope gradient, the length of the
longitudinal slope, the vertical curve corner, and the allowable passing area of prohibited
obstacles as the constraints. M. Kotb [10] and Long-fei Wang [11] pay more attention to the
impact of time cost on road routing. The constraints selected by Kui-bin Yang [12] are time
cost, unoccupied area, and area of wake superposition area. It can be seen that the research
experts in the field of intelligent route selection of wind power roads in China have not yet
formed a unified and clearly defined model of interference factors.

6.2. The Variety of Design Vehicles Used in Circular Curve Design Index Research Is
Relatively Single

In road geometry design, the characteristics of vehicle profile size, weight, and running
characteristics are used as the basis of road geometry design and play a decisive role in road
geometry design. There are many kinds of wind power equipment transporting vehicles.
At present, flat-blade transporting semi-trailers, low-flat semi-trailers, wind-blade lifting
vehicles, and rear wheel steering transporters are mainly used. As the outline dimensions
of different types of vehicles vary greatly, the requirements for road design parameters are
also very different. In the research field of circular curve design index, Yong-hong Yang [17]
selected a vane flat semi-trailer and a rear wheel steering vehicle as design vehicles. Ying-fu
Guo [13] selected the vane lift vehicle as the design vehicle. Xin-liang Yao [14], Kang-dong
Chen [15], Jian-wen Du [16], Mei-xuan Ji [18], Yi-ming Zhao [20], La-chun Ren [22], and
other scholars designed vehicles with a bladed flat semi-trailer. It can be seen that the
vehicles used in this field are relatively single, and there is no research on the influence of
special vehicles on road design indicators.

6.3. The Incomplete Forecasting Model of Soil and Water Loss Intensity

Soil and water losses in wind farms are closely related to environmental conditions.
Local meteorological, vegetation, and topographic factors of wind farms have differ-
ent effects on water and soil losses in wind farms. Currently, the research on water
and soil loss prediction mainly predicts the intensity of wind farm water and soil loss
from one of the three impacts as a key parameter. In terms of meteorological factors,
Wang Wanzhong [66,67] analyzed the spatiotemporal variation characteristics of water
and sediment in relevant regions with hydrological data analysis. Zhi-lin Huang [68]
analyzed the difference in water and soil losses in different slope gradients, land use pat-
terns, and precipitation changes using precipitation data. In terms of vegetation factors,
Linda Cyr et al. [69], Sanjay K. Jain et al. [70], Hong-ping Zhong [71], Jin-ding Guo, etc., [72]
used the NDVI index as the vegetation factor index. In terms of topographic factors,
Xin-hua Liu et al. [73] proposed an alternative index based on the theory of erosion geo-
morphology. Therefore, in the field of forecasting soil and water loss intensity, the existing
forecasting model of soil and water loss intensity is not perfect, and there is no model of
soil and water loss considering the influence of comprehensive factors.
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7. Outlook of Road Design for Wind Farm
7.1. Intelligent Wind Power Road Design

Road design is a relatively complex project. While meeting the requirements of
vane transportation, the integration of route selection and road horizontal and vertical
design should be considered, and the impact of various factors should be considered
in the design stage. Therefore, it is an important measure to develop a design system
for road construction of wind farms to realize the three-dimensional digitalization and
visualization of road design in response to the development of clean energy. Intelligence
and informatization of the wind power industry are the common development directions
of the road traffic industry and wind power industry in the future.

7.2. Eco-Environmental Assessment and Ecological Restoration in Wind Farms

With the continuous development of science and technology and the continuous
progress of human society, environmental protection has become a hot topic in today’s
society and the protection of the ecological environment is the most important part of
environmental protection. At present, the main purpose of water and soil loss prevention
measures taken by wind farms is to reduce the damage caused by water and soil loss to
wind farm engineering facilities and ensure the normal operation of wind farms. Some
studies have shown that during the development and construction of wind farms, not
only local water and soil losses but also local biomass are damaged. In addition, from the
perspective of the ecological landscape, wind farm construction will also make the local
landscape continuity worse and become more fragmented [46]. Therefore, while controlling
water and soil losses in wind farms, evaluating the local ecological environment after the
construction of wind farms and restoring the local ecological environment according to the
evaluation results are also important directions for the future construction and development
of wind farms.

7.3. Diversified Transportation Modes of Wind Turbine Blades

There is a trend to increase the length of wind turbine blades in an effort to reduce
the cost of energy (COE) [74]. This has led to manufacturing and transportation problems,
for which many scholars have made various improvements to traditional transportation
methods. One method is to make the blade loading position variable during transportation.
Jensen [75] proposed a system with two ends of the blades suspended and lifted separately,
which can make the blades pass through small obstacles. Wobben [76] proposed to pass
obstacles by rotating blades during transportation. Kawada [77] proposed connecting the
blade root with the vehicle and tilting the other end upwards through the device. Nies [78]
suggested that the blade should be loaded obliquely to shorten the length of the transport
vehicle. Pedersen [79] improved the above method and proposed that the blade tip can
be in front of the truck when transported by a lightweight truck. Another method is to
transport the blades in sections. On straight roads, the width and height of the blade’s
bounding box are the main limiting factors [74]. Many scholars have studied how to
segment to reduce the length of components. Mikhail [80] tried to segment the blade in
the area of the maximum chord length, but this method will reduce the performance of
the blade. Wobben [81], Vronsky [82], and others believe that the trailing edge segment
of the blade can be segmented separately. Siegfriendsen [83], Judge [84], Broome [85],
Van Wingerde [86], De La Rua [87], Mark [88], and others believe that the blade can be
divided into two parts: bearing structure (spar) and aerodynamic skin, which can reduce
the structure width. The above research makes it possible to transport blades in segments.
Therefore, complying with the development trend of wind turbine blades and improving
the blade transportation mode is also an important direction for the development of wind
power transportation in the future.
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8. Conclusions

The development of new power systems based on new energy has become an impor-
tant mission of the current power industry. Wind power plays an important role in the
development of the new energy era, and wind farm roads are also the early preparation for
the construction of wind power facilities, and also an important guarantee for the successful
implementation of wind power facilities. Based on the rapid development of the wind
power industry in China, this paper reviews the research achievements of domestic and
foreign scholars in the field of wind farm road design and summarizes them. It mainly
includes the following points:

(1) Wind farm route selection is a comprehensive evaluation method based on field
reconnaissance and back-office multi-view CAD-aided mapping technology. Although
it can realize the automation of transportation road design to a certain extent, it is
difficult to meet the road demand of complex macro-transportation environment of
wind farms due to the lack of abstraction of view split projection and overall expression
ability of multi-dimensional space. Therefore, it is necessary to improve and optimize
the route selection method. According to the existing experience of road construction
in wind farms and combined with advanced survey technology and algorithms, an
intelligent route selection model for wind farm roads is obtained. By comparing the
route selection optimization methods, it is concluded that the intelligent route selection
model is the best method for route selection optimization.

(2) The road route design of wind farms is mainly faced with complicated and changeable
terrain conditions. Fan units have special requirements for roads due to their oversize
and overweight features. Relevant standards and codes are not perfect in these three
aspects. Several calculation models for the widening of wind farm roads, minimum
radius values under different restrictions, calculation models, and values for longitu-
dinal slope and the vertical curve index are listed in this paper, and a comparative
analysis is made. It is concluded that the method for selecting the radius of a circular
curve with widening as a restriction condition is more suitable for wind farm roads.

(3) Soil and water losses in wind farms are characterized by the diversity of erosion, which
is characterized by the combination of point erosion, line erosion, and area erosion.
The time and space distribution of water and soil losses are uneven. The period of
water and soil losses mainly concentrates on the construction period, and the period
of severe water and soil losses mainly occurs in the concentration period of rainfall
each year. Water and soil losses mainly occur in the fan equipment area and road
engineering area. Because most inland wind farms are built in mountainous areas, the
climate in mountainous areas is complex and changeable, and the local microclimate
characteristics are obvious. Meteorological factors, such as rainfall and air temperature,
do not have regularity. Therefore, comprehensive zoning of wind farm water and soil
loss risk should be carried out by taking meteorology, geography, soil, vegetation, and
other factors into consideration. Based on the previous scholar’s prevention measures,
the water and soil loss prevention measures system should be put forward.
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