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Abstract. At present, China's wind power industry is booming, with high alti-

tude and abundant wind resources in mountainous areas. There are some diffi-

culties in mountain wind power, such as limited wind hoisting site, high con-

struction cost, difficult road transportation, complex line design, and adverse 

geological conditions such as high slope, mined-out area and karst. Therefore, 

from the perspective of civil engineering, this paper studies the optimization de-

sign method of wind farms in Guizhou mountainous areas, and draws the key 

conclusions as follows: the fan should adopt extended foundation, and the karst 

should be replaced with rubble concrete; box transformer foundation adopts 

frame foundation; the lifting platform should be designed according to contour 

lines and the area should be controlled. The longitudinal slope of the road 

should not be greater than 18%; the collector line adopts the combination 

scheme of direct burial and overhead; the booster station is arranged compactly, 

and the prefabricated cabin power station is adopted as far as possible. The re-

search results can provide guidance for wind farm construction, and strive to 

reduce the civil engineering cost of wind farm and improve the economic bene-

fits and feasibility of the project. 

Keywords: Mountainous Wind Power Plant, Civil Engineering, Design Opti-

mization, Construction Costs  

1 Introduction  

With the strategy of "peak carbon dioxide emissions in 2030 and Carbon Neutraliza-

tion in 2060" put forward, more wind plants have been approved for construction in 

Guizhou Province since the 13th Five-Year Plan, and onshore wind plants in western 

Guizhou, northern Guizhou and southeastern Guizhou have mushroomed. With the 

development and construction of high-quality wind resources projects for many years, 

the available land resources are increasingly scarce, and the capacity of a single wind 

turbine has been developed to 7~8MW, while the wind resources of newly developed 

wind plants are gradually decreasing. The number of wind plants with wind speed  
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lower than 6m/s is gradually increasing, and the construction conditions of wind plants 
are getting worse. The design difficulty of hoisting platforms, roads, fan foundations 
and power substations of corresponding wind plants is further increased. 

A series of studies on wind farm engineering optimization have been carried out in 
China, and some progress has been made: 

In terms of aircraft location, the study shows: the land for wind farms in mountain-
ous areas is restricted by policies, so it is necessary to collect data comprehensively in 
the planning stage to avoid violations, and the aircraft location should not only consid-
er high-altitude hilltops, but also review the feasibility of roads [1]. The layout of wind 
farms should fully consider the influence of topography. When analyzing the layout of 
wind turbines within the scope of wind farms, the main consideration is that the dis-
tance between wind turbines should focus on the main wind energy direction [2]. 

In the design of wind farm roads and power collection lines, the original roads 
should be used as much as possible for fan maintenance roads and construction roads, 
and the maximum longitudinal slope of the roads should not exceed 15%. For example, 
when some auxiliary facilities (such as auxiliary traction) are adopted, the maximum 
longitudinal slope can be appropriately relaxed to 16%, and the power collection lines 
should be connected in a one-to-one unit with a voltage level of 35kV, and overhead 
lines should be avoided in cold and icy areas [3]. Yang Kuibin developed the optimiza-
tion of fan location based on Jensen wake model, and comprehensively considered 
Dijkstra method, contour tree search method and Prim method to plan road layout [4]. 
Based on the shortest path Dijkstra algorithm, Ma Junxiang established a route selec-
tion algorithm satisfying the constraints of longitudinal slope, minimum turning radius, 
sensitive area, boundary, pile spacing and so on, aiming at the shortest new road path 
and cable length in the wind farm [5]. The current collecting line adopts a single-loop 
radial route with a straight main line, which is economical and has a small span. The 
triangular arrangement of towers should be considered in tower selection [6]. 

In the selection of wind turbines, the maximum wind speed, maximum wind speed 
and turbulence intensity of wind farms are different, so the selection of wind turbines 
should be based on the characteristics of wind resources in wind farms. WindFarmer 
software has been verified by most wind farms at home and abroad [7]. In the aspect of 
fan hoisting platform, it should not be limited to rectangle, but should be arranged 
according to the site conditions, so that the long side or multilateral of fan hoisting 
platform is arranged parallel to the contour line, and the number of crossing the con-
tour line is as small as possible. The platform should not be limited to covering wind 
turbines, but can be arranged around the fan [8]. For the fan foundation, the ratio of the 
cantilever length of the circular expansion foundation slab to the cantilever root height 
should not be greater than 2.5, and the separation ratio of the foundation bottom area 
should meet the requirement that it is not allowed to be separated under normal work-
ing conditions and frequent earthquake working conditions, and it is not greater than 
25% under extreme load working conditions [9]. In terms of booster stations, it is rea-
sonable to divide the general layout into regions according to functions [10]. 

At present, there are many wind farms in the plains and Gobi, and there are few 
studies on wind turbine foundation, hoisting platform, roads, collecting lines and 
booster stations in mountain wind farms, lacking design experience parameters, and
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only designing according to the practices suggested by the regulations and specifica-
tions, which has many objections to the selection of design parameters. According to 
the actual project in southwest China, this paper analyzes the stress of mountain fan 
foundation based on CFD, ABAQUS and other software, and puts forward the reason-
able form and optimal size of fan foundation. FastTFT software is used to compare 
rectangular and heterosexual fan platforms. BIM software is used to establish models 
of roads and booster stations based on mountain terrain, and different schemes are 
analyzed, and the optimal design scheme and conclusion are found for reference. 

2 Optimal Design of Wind Turbine Foundation and Box 
Transformer Foundation 

2.1 Wind Turbine Foundation 

The wind turbine tower is a high-rise structure, and the wind turbine bears repeated 
loads in 360 directions, and the foundation bears large horizontal load and overturning 
moment, which requires high stability and deformation of the foundation. At present, 
gravity expansion foundation is the most commonly used foundation type for onshore 
wind plants in China. This foundation is relatively simple in construction, with large 
overall stiffness and wide application range. It mainly relies on the self-weight of 
foundation concrete to resist the upper load. In mountainous areas of Guizhou, the soil 
cover is generally thin and the buried depth of the fan foundation is relatively deep. 
After the fan hoisting platform and foundation pit are excavated, the moderately 
weathered or strongly weathered bedrock will generally be exposed, and the bearing 
capacity can meet the requirements of the foundation bearing capacity of the extended 
foundation. The ratio of the area between the foundation edge and the foundation is the 
design control parameter of the extended foundation, especially for large-scale wind 
turbines, the diameter and buried depth of the foundation bottom plate are relatively 
large, resulting in an increase in the amount of concrete and poor economic perfor-
mance of the foundation, as shown in Figures 1 and 2. In order to reduce the amount of 
concrete and steel bars in the fan foundation, some wind power projects adopt beam-
slab foundation and rock anchor foundation. Among them, the beam-slab foundation 
mainly relies on the rigidity of the main beam to resist the deformation of the founda-
tion, and the overturning moment is resisted by the self-weight of the fill between the 
foundation and the beam lattice. The plane size of the foundation is basically close to 
that of the gravity expansion foundation, while the stress structure of the beam-slab 
foundation replaces the traditional cantilever slab form, and the amount of foundation 
concrete is low. However, the beam-slab foundation has the disadvantages of large 
earthwork excavation, complex shape, long formwork production and installation peri-
od, and the steel bars in the main beam are dense, so it is difficult to pour and vibrate 
concrete, which is difficult for the construction unit. The bearing platform of rock an-
chor fan foundation is generally cylindrical. Because the anchor bears the pulling force 
generated by the upper horizontal force and bending moment, the size and quantity of 
the fan foundation can be greatly reduced. However, the anchor should be anchored in
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moderately weathered rock mass with good integrity. In most areas of Guizhou Prov-
ince, the rock mass is limestone, dolomite and other soluble rocks. In practical engi-
neering, there are many bearing layers of the basement, such as dissolved ditches, dis-
solved troughs, caves, etc., which will form cavities or local soft layers, which will 
make it difficult to ensure the anchorage of the anchor in the foundation. 

Fig. 1. Wind turbine foundation plan 

Fig. 2. Wind turbine foundation profile 

Based on ABAQUS software, the circular extended foundation model and beam-
slab model are established, as shown in Figure 3. Through finite element stress calcula-
tion, the quantities of two forms of foundation for a project are 730m3 and 650m3 re-
spectively, which shows that the volume of extended foundation is not dominant, but it 
is convenient for construction. 

There are two ways to connect the fan tower with the foundation: foundation ring 
and prestressed anchor bolt. After investigation, there were many quality problems
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such as excessive cracks and grout leakage between the foundation ring and the fan 
foundation concrete in the past. Among the prestressed anchor bolt connection meth-
ods, the anchor bolt assembly has more direct force transmission to the tower and the 
fan foundation, and has lower requirements on the stress of the fan foundation column, 
which has become the most mainstream connection form between the fan foundation 
and the tower. There are two kinds of reinforcement forms for fan foundation: radial 
reinforcement and normal reinforcement. The normal reinforcement method has a 
large amount of reinforcement, many types of length, complicated processing and long 
time, so at present, the circular fan foundation mainly adopts radial reinforcement. 
Generally, the reinforcement ratio of onshore wind turbine foundation is high, and the 
concrete volume of wind turbine foundation is large. Designers can adopt new materi-
als and new technologies such as high-strength steel bars, high-performance concrete 
and crack-proof concrete to reduce the amount of concrete and steel bars, which has 
achieved cost reduction and efficiency improvement. Based on ABAQUS software, the 
local stress distribution of foundation ring and anchor bolt foundation is analyzed. The 
longitudinal reinforcement stress of foundation ring column reaches 330Mpa, and the 
tensile stress is at a high level due to a large number of bending moments transmitted 
by foundation ring to fan foundation. For the anchor-bolt foundation, the foundation is 
under compression, and the local maximum compressive stress of concrete reaches 
28MPa, so it is recommended to use concrete above C40 in the project. 

The calculation method of the standard formula for the gravity expansion founda-
tion of wind turbine foundation is specified in the Code for Design of Wind Turbine 
Foundation of Onshore Wind plant Project (NB/T10311-2019). However, in practical 
projects, if the fan foundation is designed according to the size parameters recom-
mended by the code, the diameter and thickness of its base plate have a great influence 
on the engineering quantity and construction difficulty. Guizhou is mostly a mountain-
ous wind plant, and the size of the fan hoisting platform is limited. In addition, the safe 
distance between the fan foundation and the slope should be considered when position-
ing the fan (considering the stability of the foundation). If the diameter of the fan foun-
dation base plate is too large, the size of the fan platform needs to be enlarged, which 
will indirectly increase the construction cost. Therefore, in practical engineering de-
sign, the buried depth of the fan foundation should be appropriately increased. Accord-
ing to previous design experience, in practical engineering, the thickness of the fan 
foundation edge is generally controlled within 800mm, the slope of the fan foundation 
bottom plate can be designed as 1/3, the span-thickness ratio of the cantilever section 
of the bottom plate can be controlled as 2.5 times, and the width of the fan foundation 
column is 600mm beyond the edge of the prestressed anchor bolt. Through the above 
design, the concrete and steel bars of the fan foundation can be basically optimized to a 
great extent without affecting the safety of the foundation. 

At present, in the design of fan foundation, civil engineering professionals will also 
use finite element software such as ABAQUS and ANSYS to check the fan foundation 
model, and judge the difference between the stress of fan foundation calculated by 
standard formula and the finite element model, which is generally consistent. However, 
if the project requires to further reduce the cost of fan foundation, it will often exceed 
the standard limit and reduce the thickness of fan foundation floor. In this case, the
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rigid assumption of fan foundation floor cannot be guaranteed, so finite element soft-
ware must be used to calculate the real internal force of foundation and optimize the 
reinforcement area. 

With the gradual development of wind resources, some wind plants with low wind 
speed gradually appear. In order to improve the power generation of wind turbines, the 
tower heights of 105m and 110m commonly used in mountain wind plants have be-
come insufficient, so it is necessary to adopt a mixed tower foundation with higher 
tower and greater lateral stiffness. The difference between the mixed tower foundation 
and conventional steel tower fans is that the tower is composed of a lower precast con-
crete tower and an upper steel tower. The mixing tower foundation needs to reserve an 
installation cavity inside the fan foundation, and the non-sinking cavity is widely used 
at present, as shown in Figure 4. In the mixed tower foundation, the bracket bearing the 
prestress of steel strand and the vertical force of tower tube is stressed heavily, so it is 
necessary to reserve sufficient bearing margin. In addition, the edge of cavity floor is 
stressed heavily, which often leads to cracking and water leakage in practical projects. 
It is suggested to use the method of adding armpits to strengthen it locally. 

Fig. 3. Finite element model of wind turbine foundation 

Fig. 4. Mixed tower foundation profile
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2.2 Box Transformer Foundation 

Under the mountainous terrain conditions in Guizhou Province, the position of the 
wind turbine is generally selected at the top of the mountain or the ridge line, and the 
size of the fan platform is very limited. In order to avoid affecting the hoisting of the 
fan, the box transformer is generally arranged at the edge of the platform, and is close 
to the terminal tower and road of the power collection line, which is convenient for 
transportation and installation. Influenced by the Index of Construction Land for Elec-
tric Power Engineering Project (Wind plant), the construction area of box transformer 
foundation is limited, so it is necessary to change the floor area for the control box. 
Generally, the box transformer foundation of wind power project will be designed 
underground, with a small height above the ground, so there is no need to make a pe-
ripheral maintenance platform. However, the wind plant is generally in bedrock geolo-
gy, and the underground foundation excavation and backfilling amount is large. It is 
suggested that the floor area of box transformer foundation should be fully considered 
in the pre-trial stage of land use at the initial stage of the project, so as to facilitate 
flexible design at the later stage. In mountainous areas, there are many types of box-
type variable structures, such as masonry+raft or frame structure, and the cost of ma-
sonry pit is relatively low. In the frame form of box transformer foundation, the foun-
dation column is supported on the fan foundation floor as much as possible, so it is 
unnecessary to be a box transformer frame foundation. However, at this time, the box 
transformer and the fan can not meet the requirements of 10m fire separation, so a 
firewall should be added, and the cost difference should be fully considered in the 
design. 

Through ABAQUS software, the frame-type and box-type structures of box-type 
variable foundation are analyzed. The box-type structure has better seismic perfor-
mance because of the surrounding soil constraints, but the amount of reinforced con-
crete is 50% higher, so it should be chosen in practical engineering. 

2.3 Optimization Design of Wind Turbine Hoisting Platform 

With the increasing capacity of wind turbines in wind plants year by year, the hoisting 
construction of wind turbines requires higher dimensions of wind turbine platforms. 
The size of conventional fan platforms is generally 2400~3000m2, and most platforms 
are located at the top of the mountain. Mountain fan platforms are affected by the ter-
rain of each aircraft and the elevation of road access. At the same time, in order to 
reduce the height of excavated and filled slopes, the outer edge of the platform is gen-
erally designed along the contour line, which leads to the abnormity of most fan plat-
forms, as shown in Figure 5. In practical projects, in order to reduce the size of the fan 
platform, designers can coordinate the construction unit to adjust the hoisting scheme, 
reduce the requirements for the size of the platform, reduce the size of the fan platform, 
and reduce the amount of excavation and waste slag. The soil in the excavation area of 
fan platform in Guizhou Province is mainly limestone, dolomite, mudstone and sand-
stone, and the slope is mainly treated by slope ratio method. The slope ratio of excava-
tion slope is generally 1: 0.5, which can be reduced when the lithology is good, and the
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slope ratio of fill slope is generally designed as 1: 1.5. During the excavation of the fan 
platform, attention should be paid to the safe distance between the fan blades and the 
slope. Generally, the clear distance should not be less than 10 ~ 20m. The specific 
project should be based on the requirements of the fan manufacturer. The smaller the 
distance requirement, the less the excavation and fill of the slope will be. Therefore, 
the design should strengthen cooperation with the fan manufacturer. The design of fan 
platform controls the excavation and fill slope area and platform size, and attention 
should be paid to protecting the original surface vegetation outside the platform range 
to avoid increasing the cost of environmental protection and soil and water conserva-
tion in the later period. 

The FastTFT software is used to compare the rectangular and anisotropic fan plat-
forms. On the premise of meeting the installation requirements, the earthwork volume 
of the irregular fan platform is 40% less than that of the rectangular platform, and the 
bearing capacity of the rectangular platform fill area is generally only 80kPa, which 
needs to be treated. Therefore, it is recommended to adopt a heterosexual platform. 

Fig. 5. Typical hoisting platform in mountainous area 

2.4 Optimum Design of Roads and Transmission Line 

Guizhou province belongs to mountainous terrain, and the road planning is difficult, 
with a large amount of earthwork, which accounts for a high proportion of civil engi-
neering investment, and it is a key project to be optimized. In the design of road route
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in the field, the optimal route scheme should be determined on the basis of investiga-
tion and investigation of topography, geomorphology, hydrology and engineering ge-
ology, and the balance of earthwork filling and excavation should be kept as much as 
possible to avoid high embankment, steep embankment and excavation high slope, so 
as to save the project cost; road profile design should first meet the requirements of 
road traffic, and then meet the requirements of road and surrounding drainage and the 
requirements of buildings and structures overlapping roads on the premise of meeting 
the requirements of road traffic; the longitudinal section of the route should be con-
sistent with the original longitudinal section of the old road as far as possible, so as to 
reduce the height of subgrade filling and excavation and reduce the excavation amount 
of subgrade earthwork; for the continuous uphill or downhill sections of the route, 
according to the requirements of the specification, a gentle longitudinal slope section is 
set accordingly; for the section with too large longitudinal slope, vehicles can't rely on 
their own power to go uphill, so they can be transported by means of front traction. 
Considering the vehicle speed and road function, the longitudinal slope of the main 
road in the field is controlled within 15%, and the longitudinal slope of the branch road 
is controlled within 18%; during the construction period of wind plant, the road surface 
width is generally not less than 4.5m, and some wrong lanes should be properly set to 
meet the requirements of two-way traffic during the construction period. The calculat-
ed driving speed of the road is generally 15km/h, and the road generally adopts flexible 
pavement such as clay-bound macadam to reduce the cost. The minimum bending 
radius of road horizontal curve is generally controlled to 30m. 

Through BIM software modeling, the maximum limit of longitudinal slope of 
mountain roads is 12% and 18%, and the earthwork quantity of roads with longitudinal 
slope of 18% is saved by 20%. 

Fig. 6. Directly buried cable laying diagram 

Generally, wind plant transmission lines are laid overhead and directly buried. Gui-
zhou mountainous terrain is undulating, and some areas belong to overlapping ice are-
as, so it is difficult to design the current collecting lines and the cost is relatively high.
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The cost of overhead collecting lines is much lower than that of directly buried cables, 
and the cable length is better. In practical projects, it is suggested that overhead collect-
ing lines should be used as far as possible, and be replaced by directly buried laying in 
some special circumstances such as crossing high-voltage lines. The overhead collect-
ing lines should be designed as straight as possible to reduce the number of tension 
towers and corner towers. The cable specification for directly buried collector lines 
requires that the depth from the cable sheath to the ground should not be less than 0.7m 
When laying under cultivated land, it should be appropriately deepened and should not 
be less than 1m. For civil engineering, it should be designed according to the specifica-
tion to minimize the earthwork. Typical cable trench section is shown in Figure 6. 

3 Optimal design of Power substation 

3.1 General Layout 

The voltage levels of power substations supporting wind power projects are generally 
35kV, 110kV and 220kV, and there are few power substations with higher voltage 
levels. Under the mountainous terrain conditions in Guizhou, the power substations 
supporting the construction of wind plants should generally be selected in areas with 
relatively flat terrain, so as to minimize the occupied area, reduce the amount of exca-
vation and fill and the height of slope retaining wall, facilitate the access of power 
collection lines and transmission lines, and keep a certain distance from the highway; 
the power substations should be arranged in the center of the wind plant as far as pos-
sible and close to the power grid connected to the substation, so as to make the current 
collection line and transmission line in the field shorter and have better technical and 
economic benefits; the elevation of the power substations should be relatively high to 
avoid flooding the power substations; topographic and geological conditions should be 
fully and reasonably used, such as adopting stepped vertical design to reduce the 
earthwork volume of power substations; when selecting the location of power substa-
tions, we should pay attention to check whether there is a mined-out area below and 
whether there is a risk of debris flow and landslide around it, and avoid it in the early 
stage of the project to prevent the higher cost of dealing with problems such as bad 
geology in the later stage. 

Under the principle of meeting the relevant fire protection codes, the buildings and 
structures of the power substations should be arranged as compactly as possible to save 
land occupation. According to the requirements of the specification, a ring-shaped fire-
fighting road with a width of not less than 4~4.5m should be set in the power substa-
tions with different voltage levels, so as to avoid the formation of endless lanes, and a 
fire-fighting return yard should be set up separately. It is suggested that the location of 
the power substations should be as close as possible to the original road or village, so 
as to save the length of the entrance road and water intake pipeline and save the cost. 
Important buildings and structures in the power substation, such as main transformer, 
main control building, GIS, etc., should be arranged in the excavation area as far as 
possible to reduce the amount of foundation treatment. Typical project power substa-
tions layout is shown in Figure 7.
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Fig. 7. Typical booster station plan 

3.2 Architectural Design 

The architectural design of power substation of wind plant should be concise, practical 
and beautiful, and meet the functional requirements. On the premise of unifying the 
architectural style of the enterprise, the design is carried out according to the regional 
characteristics. Wind plant power substations are generally located in remote areas, 
with few visitors, so durability and practicality should be considered. On the premise 
of meeting the requirements of the owner, the use function and the mandatory provi-
sions of the code, the design of building plane and facade should be as simple as possi-
ble to save cost. For example, the guard room can be combined with the production 
office building to save space; for buildings without thermal insulation requirements, 
the thermal insulation practice should be appropriately reduced by adopting flat glass 
and other schemes; if the lighting requirements of power distribution room are low, 
reduce the window opening area; for rooms without suspended ceiling, the suspended 
ceiling is cancelled to reduce the structural height; in mild climate areas, flat roofs are 
used instead of sloping roofs to reduce modeling costs. 

3.3 Structural Design 

In the aspect of the design of the civil yard of the power substation, due to the steep 
terrain slope in Guizhou mountainous area, most power substations have high slopes, 
large excavation and deep backfill. Generally, the buildings and structures of power 
substations are not tall, and the foundation load is small, so the requirements for the 
foundation are general. The civil engineering specialty should provide the backfill
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compaction scheme in the early stage of field leveling, and strictly demand the backfill 
quality. For some light buildings and structures, the foundation can be placed on the 
treated backfill, so as to reduce the foundation treatment costs such as pile foundation 
and replacement in the later stage. In case of high slope, if the excavated slope is bed-
rock with good integrity, the slope ratio can be reduced as much as possible under the 
condition of ensuring slope stability, and slope protection should be adopted as far as 
possible. In case of rich slope site, natural slope should be adopted as much as possi-
ble, and the retaining wall with lower height should be made of mortar rubble to save 
cost. 

In the foundation treatment and foundation scheme of the power substation, due to 
the general soluble rock geology in Guizhou, karst problems are prominent in some 
areas. Although large caves are avoided in the site selection stage, there are still likely 
to be soft soil layers and dissolved troughs under the buildings. In order to solve this 
problem, the structural specialty should inspect the site in the early stage of the project, 
identify the formation conditions in advance through geological borehole data, and 
choose the most economical and optimal foundation scheme and foundation treatment 
scheme. Some experiences of practical projects: when the geological conditions are 
good, the equipment foundation of distribution equipment can be used in small blocks 
to reduce the consumption of integral raft foundation; for the type of substation frame 
and lightning rod, if the permanent load on the foundation is small and the horizontal 
load is significant, the extended foundation should be adopted as far as possible with-
out rigid foundation, so as to increase the foundation size and reduce the foundation 
volume; the water pump house is arranged in the form of lower pool and upper work-
shop, which can save foundation and land occupation. 

As for the superstructure design of the power substation, because most areas in Gui-
zhou Province belong to the 6-degree zone, the seismic intensity is low, and the wind 
load and snow load are not as large as those in coastal and northern areas, and the load 
size is average, so the structural design is less difficult and the engineering quantity is 
lower. However, the topographic correction of wind load and the snow load correction 
coefficient in mountainous areas should not be neglected in power substations. The 
climate in Guizhou is mild, and outdoor GIS, main transformer and other layout meth-
ods are adopted for power substations. The conventional buildings in the station area 
include: production office building, power distribution building, warehouse, hazardous 
waste temporary storage room, water pump room, etc. The general buildings all adopt 
reinforced concrete frame structure. However, in practical projects, for buildings with 
small floors and low requirements for building bay size, masonry structure can be 
adopted as far as possible to reduce the cost. Generally, a two-story building of power 
substation needs two staircases, and it is suggested that one of them should use outdoor 
steel stairs as far as possible to save the stairwell area. At present, some power substa-
tions will choose prefabricated cabins, such as electrical prefabricated cabins and liv-
ing prefabricated cabins, and only the foundation is designed for civil works. In this 
case, the civil engineering quantity of power substation is small and the construction 
speed is faster. At this time, the design of prefabricated cabin foundation should be 
adapted to local conditions, and the raft foundation should be replaced by independent 
and strip foundation as far as possible to reduce the foundation engineering quantity.
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4 Conclusion 

Civil engineering is an important part of the whole project cost in the mountainous 
wind plant projects. As the cost of large-scale equipment such as wind turbines and 
box transformers becomes more and more transparent and continues to decline, the 
optimization of civil engineering design becomes more and more important to reduce 
the total project cost. In the process of various schemes design, such as general layout 
of wind plant, type selection and shape optimization of wind turbine foundation, site 
selection of power substation, vertical design of power substation, road design,  trans-
mission line, etc., civil engineering designers should adjust measures to local condi-
tions, make more scheme comparison and thematic analysis in the early stage of the 
project, and finalize the most safe, reliable, economical and convenient scheme, so as 
to create good conditions for the project landing, improve the quality and efficiency of 
the project of the construction unit, and enhance their own industrial competitiveness. 

In this study, the design of wind farm is studied from the aspects of specification, 
theoretical analysis and numerical simulation, but it can still be further studied in the 
following aspects:According to different topography and geology, various new wind 
turbine foundations and booster station construction schemes should be explored, and 
some new wind turbine foundations have not been really applied to practical projects 
and need more engineering application verification; the anchor bolt connection of fan 
foundation needs the extension and expansion of other applications; the size of fan 
parts is large, so we can explore new forms of transportation or transportation machin-
ery to reduce the requirements for roads; the distance between fan positions in moun-
tainous areas is far away, so the power transmission modes and design parameters with 
higher voltage levels such as 220kV and 500kV can be explored for engineering appli-
cation and comparative analysis. 
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