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Wind pressure acting on greenhouses: A review
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Abstract: Greenhouses are widely used in agricultural and horticultural production. With the characteristics of lightweight,
small stiffness and high flexibility, greenhouses are sensitive to wind loads. In the calculation of wind loads, the wind
pressure coefficient (Cp) is essential. The rationality of the value directly affects the safety and economy of greenhouses.
Therefore, the Cp values estimation is one of the most important issues in the design of greenhouses. In order to make full use
of the existing research results, in this study, three main methods for estimating Cp values were analyzed, namely, full-scale
field experiment, wind tunnel experiment and numerical simulation. Five factors influencing the Cp values were then
reviewed including greenhouse design parameters, greenhouse group, overhanging eaves, ventilation and wind direction.
Based on the existing researches, suggestions for future development and research work were also put forward. Owing to the
flexibility and deformability of greenhouses, the fluid-solid coupling method should be used to analyze the effects of vibrations
on wind pressures. The interaction of building parameters (such as the number of spans, ridge height, roof shape and slope

angle) and terrain around the greenhouse should be taken into consideration comprehensively. The destructive vortices

occurred on the greenhouse should be further investigated.
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1 Introduction

Greenhouse is a special type of agricultural buildings!". The
primary purpose of a greenhouse is not only to provide and control
solar radiation, temperature, carbon dioxide and humidity for
various plants, but also resist all kinds of loads generated by
extreme natural disasters, such as typhoons, heavy snowstorms,
strong winds and hail'>¥.  With the characteristics of lightweight,
small stiffness and high flexibility, greenhouses are quite sensitive
to wind loads®™®. Therefore, the wind load, as one of the main
control loads in the design of greenhouses, plays a crucial role in
ensuring the reliability of the structuresl’.. However, in order to
minimize cost, many greenhouses are usually designed with a
lower level of security than general buildings®'%. In recent years,
strong winds caused a large number of greenhouses collapse,
resulting in economic losses for agricultural productiont''*l. A
study by Ryu et al.l'¥ indicated that the damage rates of typhoons
and strong winds for 17 administrative districts in South Korea are
46.4% and 2.5%, respectively. And the average damage index of
film plastic greenhouse is 0.66. Therefore, in order to have a safe,
economical, durable and cost-effective greenhouse structure, a
reliable structural wind resistance design method is indispensable.
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There are two major design methods for greenhouses to
estimate and ensure wind-resistant performance: quasi-static design
method and fluctuating wind pressure design method. Equivalent
static wind loads are used in the former method". In this method,
many researches have been conducted to study the wind-resistant
performance of different types of greenhouses!'®>”. Though this
method is convenient for structural engineers, it cannot reflect the
dynamic characteristics of wind loads'. Recently, the
fluctuating wind pressure design method has been widely used to
investigate the different aspects of wind vibration effects on
greenhouse structures, for instance, fluid-structure interaction®?,
fatigue analysis!®®], dynamic collapse analysis'®* and strength
testing!®?%.  These results showed that the effects of fluctuating
winds on dynamic responses of greenhouse structures are more
dangerous than the average wind.

Whether quasi-static or fluctuating wind pressure design
method, it must start with wind loads”?”. In the calculation of
wind loads, the Cp, which is defined as the ratio of static pressure
difference to the design velocity pressure, is essential®®>%.  The
rationality of the value can directly affect the safety and economy

of greenhouses?®'). Therefore, the Cp values estimation is one of

the most important issues in the design of greenhouses®. In order
to make full use of the research results, in this study, three main
methods for estimating Cp values and five factors influencing the
distribution are summarized. Suggestions for future development
and research work are also put forward. It is hoped that this
review should provide a reference for estimating Cp values and

improving the wind-resistant performance of greenhouse structures.

2 Main methods for wind pressure estimation

2.1 Full-scale field experiment
Full-scale field experiment is that using anemometers, wind
pressure sensors and other instruments to assess the aerodynamic

and dynamic properties of buildings®. In the last several
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decades, a number of full-scale field experiments have been
conducted to estimate the Cp values of different types of
greenhouses. And the main experiment parameters of the
full-scale field experiment greenhouses are listed in Table 1.
These experiments provided a lot of quantitative data for the

wind-resistant design of greenhouse structures. These data are
also significant for verifying the numerical simulation results in
later research. For example, the data obtained by Hoxey and
Richardson®*! were used to validate the validity of the numerical

model developed by Mathews and Meyer>>*%!,

Table 1 Main parameters of the full-scale field experiment greenhouses

Greenhouse type Span/m Length/m Ridge height/m Measurement points Measuring time/s References
Venlo type 6.4 21.3 39 48 240
Venlo type 32 63.0 3.1 48 240
Venlo type 6.6 79.6 4.0 48 240 [37]
Venlo type 12.8 39.6 7.1 24 240
Venlo type 6.4 88.8 39 48 240
Even-span type 21.5 27.8 7.1 46 240 [38]
Tunnel mono-span 7.3 28.1 2.8 44 240
Tunnel mono-span 6.3 244 3.1 44 240
Tunnel mono-span 6.3 244 3.0 44 240
[34, 39]
Arch type with 4 spans 6.2 294 33 44 240
Arch type with 4 spans 6.1 36.7 32 44 240
Arch type with 5 spans 44 36.5 3.1 66 240
Even-span type 11.0 243 7.2 44 240
Even-span type 9.3 14.5 7.2 44 240 401
Tunnel mono-span 6 244 3 43 240 [41]
Arch type mono-span 9 22 3.1 44 240 [42]

Although full-scale field experiment provides a direct and
reliable approach to estimating the Cp values of greenhouses, there
are still some limitations: 1) It is difficult to repeat field
experiments because the meteorological conditions change
randomly; 2) Only a few results can be used due to the limited
number of measurement points; 3) It can only be carried out after
the construction of the greenhouse; 4) The results cannot be used if
the surrounding environment of the greenhouse changes in later
research; 5) The instruments are expensive and the test cycle is
long. Thus, this method is not widely used in later research.

2.2 Wind tunnel experiment

To overcome the limitations of full-scale field experiment,
wind tunnel experiment is considered to be the most accurate
method for estimating wind loads™*?. Based on the principles of
similarity, the wind loads acting on greenhouses can be obtained
using scaled models. And it has shown various advantages: 1)
Grilles, blocks, carpets and spires can be effectively used to
simulate the wind field for different aerodynamic researches™¥; 2)
It can avoid the influence of external environment because of the
enclosed experiment environment; 3) The experimental operation is
continuous, simple, safe and high efficiency; 4) The experimental
results are more accurate.

Therefore, a large number of wind tunnel experiments have
been conducted to estimate the wind pressure acting on
greenhouses. Among these studies, Robertson et al.'**) conducted
a 1:2 scale model of arched and flat roof structures to study the
influences of porous cladding on wind pressure. The results
showed that the porous cladding could expand the positive pressure
area on the windward roofs, resulting in increased overall drag
loadings. Considering the influences of Reynolds number and
different aspect ratios, an improved pressure model was proposed
by Qiu et all* to estimate the Cp values of cylindrical and
spherical roofs. Though the experimental-scaled models were not
agricultural facilities, the results can be used as a reference for the
design of arch type greenhouses. In order to secure the structural
safety of greenhouse built on coastal reclaimed land, the Cp values

of five typical greenhouses used in Korea (1-2W, even-span,
three-quarter, peach and mono-span type) were obtained by Ha et
al"” and Kwon et al®®.  These results were also used for
validating the accuracy of the computational fluid dynamics (CFD)
models developed by Kimet al'*!.  The comparison between wind
tunnel experiments and numerical results demonstrated that the
CFD technique could for estimate the Cp values of greenhouse
accurately.

2.3 Numerical simulation

Though wind tunnel experiments have been widely used as an
accurate alternative for estimating wind pressure acting on
greenhouses, the number of channels for simultaneous
measurement is limited and the instruments are expensive if the
number of experimental cases is huge. Recently, numerical
simulation has been widely used to estimate the Cp values of
buildings. The numerical simulation method, also known as the
numerical wind tunnel method, is to use CFD software to
numerically simulate the wind field around the building and solve
the wind loads distribution on the building surfaces®™. Over the
past decades, the CFD technique has proved its value for wind
engineering studies with increasing computing power”"). And it
has a series of advantages: 1) Low cost and high efficiency; 2) It is
convenient to change the boundary conditions to obtain all the
information related to the variables; 3) It can simulate the building
in full size without the distortion problems caused by scale models
in traditional wind tunnels; 4) The experimental results are visual
and easy to understand. 5) It can extract wind pressure values
from any point.

Therefore, various numerical simulation studies have been
conducted to measure the wind pressure at agricultural facilities.
Yv et al.’? used CFD method to calculate the wind pressure on a
three-span plastic greenhouse under three work conditions: 1) side
window open; 2) both of the side and top windows open; 3) all
windows closed. In order to investigate the influences of
aerodynamic properties on wind pressure, based on Forchheimer’s
law, a tunnel greenhouse covered by four different agricultural nets
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at high wind velocities was simulated by Mistriotis and
Castellano'™!.  The numerical results showed that both the internal
air velocity and wind loads on the structure increased with the

And the numerical results had also been
[45]

porous increases.
confirmed experimentally by Robertson et al.” in a wind tunnel.
It has to be mentioned that these models used above were
two-dimensional, while the turbulent behavior and wind direction
were highly three-dimensional. In order to improve the accuracy
of simulation, Kim et al.*’! developed three-dimensional numerical
models to estimate the Cp values of multi-span greenhouses with
consideration of the various environmental conditions. It was
found that the results obtained by two-dimensional numerical
model were conservative at the leeward side of greenhouses due to
the three-dimensional flow. Therefore, further researches are
needed to get more accurate Cp values on greenhouses with the use
of mathematical models of unstable flow in three dimensions.

3 Wind pressure distribution on greenhouse surface

3.1 Influence of geometric parameters on wind pressure
3.1.1 Influence of ridge height on wind pressure

With the increasing demand for large space, the design of
higher and larger models of greenhouses is a growing trend®. A
study by Wang and Ding®" informed that the Cp value of
windward and leeward was quadratic along with the mutual insert
multi-greenhouse’s height. At the same time, the separated flow
region on the windward roof is proportional to the eaves height,
which is about half of the height for a transverse wind®%.  With
the increase of greenhouse height, the air separation strength
becomes strong. And the negative wind pressures (suctions) on
the windward roof become larger. Thus, the high wind suctions
on the windward roof for taller greenhouses may cause significant
increase bending moments on the greenhouse frames, which may
cause greenhouse collapse. While on the leeward roofs and walls,
the Cp values are almost unchanged due to the reattachment of
airflow®”).  Therefore, as the greenhouse height rises, the
anti-overturning design should be carried out to ensure the safety of
greenhouses under strong winds.

3.1.2 Influence of roof shape and slope angle on wind pressure

Compared with body structure, greenhouse roofs are easy to be
destroyed due to their lightweight and low stiffness®*.  Therefore,
it is of great significance to clarify the influence of roof shape and
slope angle on wind pressure.

With high requirements for lighting, warmth and ventilation,
greenhouses are usually designed with such forms of arched roof,
single-slope roof, zigzag roof, symmetrical double-slope roof,
double-slope roof with skylight, etc.’*®.  The roof shape can
affect the flow pattern around the greenhouse and the resultant
wind pressure distribution on it. In a large-sized wind tunnel,
Kwon et al.*® carried out an experimental study on 1:20 scale
models of four typical single-span greenhouses used in Korea
(even-span, three-quarter, peach and mono-span type). It was
found that the Cp values decreased dramatically near the windward
eaves of greenhouses with slope-shaped roofs (even-span,
three-quarter and mono-span type). While the values decreased
slowly on the greenhouse with arch-shaped roofs (peach type), a
similar conclusion was drawn by Kateris et al''), The main
reason for this difference was the continuity of roofs and walls.
On the slope-shaped roofs, the airflow can be separated sharply at
the cornice. While on the arch-shaped roofs, the air flow intensity
is relatively weak due to the smooth transition connection between
walls and roofs. And a study by Fernandez-Garcial® indicated

that the closer to the roof, the higher negative wind pressure would
be presented in arched greenhouses. Therefore, more attention
should be paid to the position of the edges and corners, where a
relatively large pressure difference could cause strong wind loads
and bending moments on the greenhouse.

Apart from roof shape, roof slope angle also can affect the
wind pressure on greenhouse surfaces. Figure 1 illustrates the
effect of roof slope angle on Cp values of a double-slope
greenhouse when the wind direction is perpendicular to the ridge.

Wind direction
_—

Cp

-1.0 F ——a=30°

-12 1 1 1 1 1 1 1 ]

Location
Figure 1 Effects of roof slope angle on the Cp values of

double-slope greenhouse!®’!

The Cp values at the windward walls are positive due to the
pushing effect. And the values have a slight increase when the
roofs become steeper. While the values at the leeward regions are
negative, since the wind flow is separated from the leading edges
and ridges of the roofs. For the greenhouse with a small roof
slope angle (a<10°), the Cp values on the whole roof are negative.
In addition, the values on the windward roofs reduce a lot with
increasing roof slope angle.  As the slope of the roof increases, the
Cp values on the windward roofs change from negative to positive.
Therefore, more attention should be paid to prevent deformation
instability under the combination of positive wind pressure with
other loads (such as constant load, snow load, crop load and
movable equipment load)!®%. A study by Xing et al.[%
indicated that the angle of around 20° was a critical roof angle for
slope-shaped roofs.  Around this critical angle, the flow pattern on
the windward roof changes critically. Therefore, considering the
economical rationality of wind-resistance design for double-slope
greenhouses, a recommended roof angle is from 20° to 30°1*),

3.1.3 Influence of span number on wind pressure

The current design method for a multi-span greenhouse is
based on the single greenhouse as a basic unit. And the
multi-span greenhouse is designed to be assembled by several
single greenhouses!®”. However, induced flows and pressures
on multi-span greenhouses are different from those on a
single-span greenhouse!®.  Several studies aimed to investigate
the influence of the span number on wind pressure are
summarized in Table 2.

Based on the previous studies, it is found that the positive Cp
values at the windward walls are similar for single-span and
multi-span greenhouses, when the wind direction is perpendicular
to the greenhouse ridge. While the magnitude of the largest
negative Cp value appears at the windward roofs of the first or
second span, according to the different types of greenhouses.
When the number of spans exceeds three, the wind pressure on the
middle ones is relatively small in magnitude due to the shielding
effect of edge greenhouses. When the wind direction is parallel to
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the ridge, the Cp values at the whole roofs decrease as the number
of spans increases. Therefore, to acquire a safe and economical
multi-span greenhouse structure, the edge and middle greenhouses
should be designed respectively.

Although these above studies provided a great deal of
information on the wind pressure acting on different types of

multi-span greenhouses, these results are not available when the
number of spans changes. Therefore, further researches are
needed to build a quantitative relationship between wind pressure
and the number of spans. Moreover, the main wind direction and
wind frequency also should be taken into consideration when
setting up a multi-span greenhouse layout in an actual project.

Table 2 Influences of the span number on wind pressure

Greenhouse types Number of spans Distribution trend of Cp values References
South China type 1.6 The Cp values of middle spans were similar when the number of spans exceeds three due to the shielding [69]
effect of the edge greenhouses.
Arch type 1.3,5,10 When the wind direction is parallel to the greenhouse ridge, the maximum positive Cp value increases with [70]
increasing number of spans.
Venlo type 1.3.5.10 When the wind dll:eCt}Ol’l is Perpendlcular to the greenhouse ridge, the magnitude of the largest negative Cp (71]
value decreases with increasing number of spans.
Duo-pitch type 30 The overall horizontal wind force on multi-span duo-pitch greenhouses increases linearly with increasing (72]
number of spans.
Pointed roof type 1,3,5, 10 The maximum positive Cp yalue increases as the number of spans increased when the wind direction was (73]
parallel to the greenhouse ridge.
Wlfd_ Z'\S)\I/J at;ptzpe %’ 3’ g’ 2 When the wind direction was parallel to the greenhouse ridge, the magnitude of the largest negative Cp (74]
Venlo type 2.4,6.8.12, 16 value at the roofs decreased as the number of spans increased.
Wide-span tvpe 123 The positive Cp values at the windward walls were similar for single-span and multi-span greenhouses. (75]
pan typ T While the magnitude of the largest negative Cp value was observed at the windward roofs of the first span.
Mono slope type 1,2,3 The magnitude of the largest negative Cp value was observed at the windward roofs of the second span. [76]

3.2 Influences of group greenhouses on wind pressure

In a greenhouse park, there are usually a large number of
single greenhouses. Compared with an isolated greenhouse, the
wind-induced interference effects among greenhouse group are
obvious, which will make wind pressures on the target greenhouse
be quite different from those on an isolated greenhousel’”. Such
interference effects will overestimate wind pressures in some
greenhouse areas, and underestimate wind pressures in other
greenhouse areas.

Wind-induced interference effects are strongly dependent on
arrangement modes, building spacing, wind direction and the
number of upstream buildings!”®*"!.  When the wind direction is
perpendicular to the ridge and the greenhouses are arranged in
parallel, they are mainly subject to the “shielding effect”. Airflow
characteristics are transformed from independent flow mode to skip
flow mode or wake interference flow mode, making the Cp values

of the rear greenhouse be negativel®'),

Similar phenomena also
While when the
greenhouses are arranged side by side, they are mainly subject to
the “slit effect”.
the decrease of distance. When the greenhouses are arranged
multiple in rows and lines, the wind pressures on the outer area of
the greenhouse group can be magnified, while the pressures on the
middle area of the greenhouse group can be reduced because of the
shielding effects®.  Therefore, wind-induced interference effects
must be taken into consideration in the structural design stage.
For edge greenhouses that bear larger wind pressures, high-strength
steel can be used or the arch spacing can be reduced to improve the
wind-resistant performance. For middle greenhouses that are less
affected by wind pressures, the wind load design criteria could be
lowered down to save materials and reduce costs™.

Although these previous
understanding of interference effects between greenhouses, they

can be found in multi-span greenhouses.

Wind speed between greenhouses increases with

studies have enhanced our
only focused on single factor on the wind pressure distribution of
greenhouse groups through wind tunnel or numerical simulation
experiments. In the future work, other factors including the effect

of the terrain around the greenhouse should be considered

comprehensively to provide a basis for the wind-resistant design of
group greenhouses.
3.3 Influences of overhanging eaves on wind pressure

In areas with heavy rain in summer, some greenhouses have
eaves on side walls and gables in order to prevent rainwater from
drifting into the greenhouse. Due to the existence of eaves, the
wind field around these eaves is rather complicated, which often
generates concentrated negative pressures™. Therefore, a roof
overhang is one of the most easily damaged parts of greenhouses
during windstorms®>*. A study by Xie and Chen®” informed
that the Cp values at the downwind gables of South China type
greenhouse were proportional to the eaves height. Compared with
the double-slope greenhouse without eaves, the incoming flow
separated at the top of the windward eaves and then reattached
again on the roof, which induced high suctions near the eaves.
The results were consistent with those obtained by Guo et al'®,

Although there is a good understanding on the phenomenon of
wind pressure acting on eaves and ridges, modeling the complex
flow phenomena such as airflow separation, reattachment and

B8] To overcome this limitation,

vortex shedding is still a problem
an alternative approach called large eddy simulation (LES) was
used to predict the transient wind pressure value of various
LES is more accurate than the Reynolds-averaged
Navier-Stokes (RANS) approach since the large eddies contain
most of the turbulent energy. And it can simulate fluctuating
turbulence structures®™®”. At the same time, other building
parameters affecting the wind pressure on roof overhangs should be
investigated, such as roof shape, roof slope and eaves geometry.
And further work can be done to develop different eave shapes to
reduce wind loads.

3.4 Influence of ventilation on wind pressure

Greenhouses are designed to provide a suitable environment
[91,92]

structures.

for the growth of plants annually One of the key factors
controlling the greenhouse environment is ventilation'””. There
are major two types of ventilation: natural ventilation and
mechanical ventilation. Natural ventilation is the air exchange

based on the difference of temperature and pressure between the
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[94]

internal and external of the greenhouse From the perspective

of engineering, ventilation not only can change the internal climatic
conditions, but also can affect the net wind pressure acting on the
structure, which is determined by the difference between the

internal and external wind pressure®.

[96]

A study by Moriyama et
al.”™ indicated that the openings on windward gable walls may
increase uplift wind forces on the frames significantly and cause a
collapse of greenhouse.

Therefore, it is necessary to study the effects of ventilation on
wind pressure. Under open or closed greenhouse roof windows,
Xie and Chenl® tested the wind pressure acting on South China
type single-span plastic greenhouse. When the roof windows
were open, the wind pressures on the greenhouse roofs and walls
were larger than that when the roof windows were closed. And
the pressure acting on the roof windows could be 2 to 5 times
bigger than that when the roof windows were closed. It was
hence better to design the roof windows that can be closed. The
roof windows should be closed when encountering with strong
winds. While contrary to the above results, Wang et al.”” carried
out wind tunnel tests to investigate the influence of ventilation on
the distribution of wind pressure on a mutual inserted
multi-greenhouse. The results showed that when the windows
were open, the wind pressure on the greenhouse surface was
distinctly lower than that when the windows were closed. So, the
Cp values of closed ventilators should be chosen when computing
the wind loads on the structure. The differences between South
China type single-span plastic greenhouse and mutual inserted
multi-greenhouse pressure distribution can be due to three reasons:
different greenhouse shapes, different ventilation positions and
different ventilation combinations. Apart from windows’ effect
on the wind pressure, ventilation opening configurations, wind
direction and wind speed also can affect the net wind pressure on
greenhouse structure by changing the internal wind pressure®.
Yi et al®! conducted wind tunnel and CFD simulations to
investigate the effects of wind speed and wind direction on Cp of
sidewall opening in a dairy building model. The results indicated
that the external pressure was greatly dependent on the wind
direction but was almost unaffected by the wind speed and the

opening size. However, the dynamic load effects of wind

pressures were not included in their study, and the investigations
were carried out under Reynolds numbers independent conditions.
Therefore, further researches are needed to find out the relationship
between ventilation and wind pressure.
3.5 Influence of wind direction on wind pressure

Inflow wind direction affects the distribution of wind pressure
on the surface of greenhouse structure by generating different
destructive vortices.
columnar vortices and conical vortices (Figure 2 and Figure 3).

Two typical destructive vortices are

Figure 2 Columnar vortex!'*”

[100]

Figure 3 Conical vortex

The columnar vortices are formed as a result of the incoming
flow perpendicular to the windward front of the greenhouse. The
conical vortices are formed by the angle between the incoming
flow and the windward leading edge of the greenhouse!'®.  Thus,
it is important to find out the relationship between wind pressure
distribution and wind direction.  Several studies aimed to
investigate the influence of wind direction on wind pressure are

summarized in Table 3.

Table 3 Influence of wind direction on wind pressure

Greenhouse type Wind direction Distribution trend of Cp values References
Single-span plastic and o o . » The Cp values on the roof of plastic greenhouse were generally negative, and the
Chinese Solar Greenhouse 0°-180° at an interval of 15 maximum negative Cp value was 1.49 at a wind direction angle of 60°. (102,103]
o ano . »  The oblique wind was the most unfavorable wind condition. The distribution range of
Venlo type 0°-90% at an interval of 30 Cp values on the surface of the Venlo greenhouse was —2.2 to 1.0. (711
Arch type 0°-90° at an interval of 30° Flows in the 30° and 60° directions produced the maximum pressure on the arch type [70]
yp greenhouse.
5 ano . ° The maximum negative Cp values on the plastic greenhouse appeared in a small area near
Arch type 0°-90% at an interval of 5 the windward ridge-gable corner of the leeward roof at a wind direction angle of 25°. 571
Pointed roof type 0°-90° at an interval of 30° The wind from the direction of 60° caused higher wind pressure than that from the (73]
P direction of 30°.
. . o o
Chinese Solar Greenhouse  0°-180° at an interval of 15° The maximum negative Cp value was 1.41 at a wind direction angle of 135° and the [104]

critical wind speed of solar greenhouse wind disaster was 18.9 m/s.

These results have revealed the characteristics of wind pressure
under different wind directions. They have provided a theoretical
basis for the wind-resistant design of greenhouses. However, they
did not further reveal the relationship between destructive vortices
and wind pressure distribution. At present, most researches on
destructive vortices are concentrated on the field of aviation and
high-rise flat roof construction. There have been few studies on

the structure of greenhouses. Therefore, more researches on

characteristics of vortices, vortex-induced wind pressure and
generation mechanism of severe suction under vortices should be
investigated. In this way, the vortex destructive effect can be
restrained at the source.

4 Conclusions

This paper systematically summarized the previous studies on
the wind pressure coefficients (Cp) value measurements and factors
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affecting wind pressure acting on greenhouses. Although many
research results have been obtained, there are still some deficiencies.

(1) Combined with wind tunnel experiment, numerical
simulation technology will be an important method for estimating
the Cp values of greenhouses. At present, rigid models are mostly
used in wind tunnel or numerical simulation experiments, which
cannot consider the effects of fluid-solid coupling on light and
flexible structures!!®.  Therefore, in further studies, elastic
models should be used to take into account the effects of fluid-solid
coupling on the wind pressure distribution on the greenhouse
surface.

(2) A recommended roof angle for a double-slope greenhouse
is from 20° to 30°. For multi-span greenhouses, the wind
pressures acting on the middle ones are similar when the number of
spans exceeds three. The wind-induced interference effects and
destructive vortices should be taken into account.

(3) Currently, the research on the factors affecting wind
pressure on greenhouses only focuses on the greenhouse itself,
ignoring the impact of surrounding environment. But the
surrounding environment (typical mountain terrain, giant trees, etc.)
also has an impact on the wind pressure acting on greenhouses.
Therefore, more researches are needed to investigate the effect of
the surrounding environment on wind pressure in the future.
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