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Abstract—The purpose of this study is to design fasteners of
the simplified greenhouse by using rods made by recycled
composite materials. The design process was composed of
drawing the 3D model of the fastener and simulating torsion
and tension forces caused by the 11-level wind to determine
whether the strength of the designed fastener was sufficient.
During the analysis, it was found that the material of stainless
steel could increase the joint strength of the overall simple green
house structure, which compensated the lack of strength of the
rods. There was only a slight displacement and deformation at
the joint of the fastener and the extent of deformation and
displacement was insufficient to induce the fracture of the rods.
Therefore, the designed fastener was able to tolerate most of the
wind in the real world. The results of this study will contribute
to the application and promotion of using rods made by
recycled composite materials in the simplified greenhouse.

Index Terms—Fastener, simplified greenhouse, recycled
composite material.

I. INTRODUCTION

Crops are indispensable parts of our lives nowadays. They
are not only the fruits and vegetables we eat in daily life, but
also have high ornamental and economic values. However,
these high-value crops require more careful care and delicate
environment than general crops. In order to achieve this
cultivating condition, greenhouses are necessary. In the past,
the greenhouse was to maintain the environment for planting.
Under the protection, plants could be protected from external
environmental influences, excessive water loss could be
prevented, and temperature and humidity could be controlled.
However, the price of a greenhouse was very expensive.
Therefore, it was not economic to grow general crops in the
greenhouse. Recently, a simplified greenhouse has been
developed, which can provide shelter from wind and rain as
well as avoid insects. The price is also lower. Therefore, it is
more adopted by general farmers.

The design requirements for standard greenhouses can be
found in the documents provided by the National Greenhouse
Manufacturers  Association (NGMA) [1]. Documents
published in 2010 provide provisions for greenhouse loads
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based on corresponding standards and minimum design loads
for structures [2]. In addition, the EU's construction of
standard greenhouses follows EN-13031-1, which provides
rules for the design of greenhouse structures specific for
professional production of plants and crops [3]. The functions
of the greenhouse structure, including mechanical resistance,
durability, applicability, and stability, is followed by
Eurocode 1, ENV 1991-1 [4]-[6]. If the greenhouse structure
is made by steel structure, Eurocode 3, ENV 1993 [7], can be
referenced. The destruction of the greenhouse structure is
mainly due to climatic behaviors, such as the movement of
the rod, the bending of the arches, the failure of the covering
net, uplifted foundation posts and the failure of the fastener
[8]. In order to reduce the mistakes in greenhouse design,
many researchers have used computer computing methods to
analyze structures, loading and environments [9]-[11].

There are a lot of cases in which composite materials are
applied in engineering, and some technologies are mature.
For example, in the case of vehicle engineering, a composite
frame can achieve less weight than general iron metal and
achieve greater safety for passengers [12]. Another
application is to extend the life cycle of vehicle parts. It is
easy to disassemble when the parts go to the waste recycling
stage, and improve the recovery rate of the basic parts [13].
Composite materials can also be used in windows as an
energy saving tool. A recent research report points out that
giving a composite coating on the window surface produces
an infrared light-shielding effect that can increase the overall
energy efficiency of the building by 40% [14].

Many plastic products are produced currently.
Unfortunately, mostly plastic products cannot decompose or
disappear in the general natural environment, causing
environmental impacts and damages. In order to promote
environmental protection, these plastic products have also
been recycled into many recycled products recently. These
industrial products made of recycled materials also have
certain strength and practicality, and their weight is lighter
than that of ordinary steel pipes. Some of the buildings in the
market now also use these recycled plastic composites.

Therefore, the use of a variety of recycled plastics as a new
material for product design has gradually become a trend.
The plastic wire required for 3D printing in the FDM process
has been studied by many people. The advantage is that this
composite material can be utilized in the future customized
market [15]. It also happened on railway transportation. A
team made track fasteners from recycled plastics for
mechanical analysis and understanding the feasibility of the
application [16]. Based on the recycled materials, this study
develops the fasteners assembled in a simplified greenhouse
with light weight and simplicity to assemble, which fits the
need for general household planting.
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Il. MATERIAL AND METHOD

A. Greenhouse in Taiwan

In Taiwan, greenhouses are divided into three categories
including structural greenhouses, simplified greenhouses,
and net greenhouses. In addition, there are also great
differences in the construction structure depending on the
application. The structural greenhouse is equipped with water
walls, fans, shade nets, and heating machines. It can actively
adjust the temperature, ambient humidity, and air convection,
as well as maintain the stability of the environment inside the
greenhouse. This greenhouse is usually used for plants with
high economic values such as orchids.

The simplified greenhouse is a simplified version of the
structural greenhouse. It is usually applied to the cultivation
of common crops. It can be used to block general wind, rain,
and insects, as well as to reduce the overexposure and loss of
water of plants. The structure of this greenhouse takes
galvanized concrete pipe as rods, galvanized fasteners for
joint assembly, and plastic or mesh cloth as an outside
covering. The construction process is relatively simple, fast,
and it is cheaper than the structural greenhouse. It is a
relatively common type of greenhouses in the market. On the
other hand, net greenhouses are mostly used in the production
of general leafy vegetables and vegetable seedlings which
cannot withstand large wind, rain, or direct sun exposure. The
structure is mainly composed of short tunnels and the outer
layer is covered with gauze. It has low structural strength and
simplicity to disassemble, which is then used for short
courses of planting.

B. Fastener Design and Stress Analysis

The rod of the simplified greenhouse is commonly a
galvanized crucible tube in the market. In this study,
recycling plastic composites are used instead because of the
advantages of reducing the overall greenhouse weight,
making assembly easier, and more environmentally friendly.
The rod is made into a square hollow tube and material is
synthesized from nylon PA+ and nylon glass fiber
PAGF+PET, as shown in Fig. 1. After material testing, the
rod had a Young's modulus of 37,000 kgf/cm? and a tensile
strength of 1050 kgf/cm?. In order to maintain the resistance
of the fastener, the fastener material was changed from
galvanized concrete to stainless steel (SUS 304). The tensile
and flexural strength of the materials are shown in Table I.

‘

Fig. 1. The rod made by recycled plastic materials.

TABLE |: THE TENSILE AND FLEXURAL STRENGTH OF THE MATERIALS

Channels tensile strength flexural strength
Galvanized crucible 270MPa 200MPa
recycling plastic composites ~ 102.9MPa 112.5MPa

SUS 304 520MPa 205MPa

In Taiwan, the stress sources of simplified greenhouses are
mainly natural wind, typhoon, and rain. This study aims to
evaluate the stress situation over a single windward surface,
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not in other specific conditions such as turbulence or
cyclones. The stress situation over various parts of the
fasteners was analyzed. The forces applied to different
positions of fasteners were different in directions and
amounts. This evaluation can be divided into three parts:

Roof (A and B): The roof of the greenhouse is designed in
a triangular shape and the uppermost fastener is only loaded
by the weight of the fixed rod and the gauze. This fastener
within this part is the least stressed of the entire greenhouse
structure.

Eaves (C to E): The fastener within this part is used to
connect the roof and the base and to withstand the weight of
the whole roof and the gauze. In addition, this is the
windward side of the greenhouse; the forces come from all
directions. Therefore, these fasteners are the most important
part of the design.

Base (F and G): The fasteners within this part are used to
fix the position of the overall greenhouse. The four fasteners
are connected to the foundation to allow the entire
greenhouse to be fixed. The force is the weight of the entire
greenhouse and the gauze. When subjected to wind, the
greenhouse will pull the fasteners.

During the design process, initially the 3D drawings of the
7 fasteners required for the simplified greenhouse was drawn,
and then the stress of these fasteners was analyzed to know
the stress situation and structural strength of the fasteners.
Both 3D drawing and force analysis were performed using
the computer aided design software of Autodesk Inventor.
The 3D model of simple green house is shown in Fig. 2.

Y
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Fig. 3. The 3D drawings of fasteners from A to G.
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There were two roof fasteners. Fastener A supported the
middle part of the roof, and fastener B for the anterior and
posterior part of the roof. There were three eave fasteners.
Fastener C supported the horizontal and vertical rod of the
anterior part of greenhouse, fastener D for surrounding
support, and fastener E for the central support of the crossbar.
There were two base fasteners. Fastener F fixed the four
angles of the foundation, and fastener G localized the
crossbar and the upright support. All fasteners had a
thickness of 2mm and a depth of 70mm with the rod. The 3D
drawings of fasteners from A to G are as shown in Fig. 3.

For the force analysis, the 3D drawing of the fastener was
first imported into the interface of software, then the material
properties of fasteners were established, finite element mesh
segmentation was performed, and finally the forces in XYZ
axes were set. This study evaluated the force on the windward
side, mainly analyzing the fastener E, D, F, and G. In addition
the force on the bolts fixing between fasteners and the rod
was evaluated, too.
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Fig. 4. The stress analysis in fastener F.
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In this study, the tension and torsion of the simplified
greenhouse was evaluated under the setting of 11th level of
typhoon. The axial tensile force was 4116N and the torsional
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force was 6825 kgf-m. The stress and displacement analysis
of the four fasteners E, D, F and G were carried out.

A. Fastener F

The result of finite element segmentation is shown in Fig.
4(a). The rod was subjected to a pulling force of 4116N, as
shown in Fig. 4(b). After analysis, the maximum Von Mises
stress was 452.8MPa, as shown in Fig. 4(c). The maximal
displacement was 0.7622 mm, as shown in Fig. 4(d). In
addition, another force analysis was performed. The rod was
subjected to a torque of 6825 kgf-m, as shown in Fig. 4(e).
After simulation, the maximal VVon Mises stress was 20.57
MPa, as shown in Fig. 4(f). The maximum displacement was
0.3051 mm, as shown in Fig. 4(g).

B. Fastener G

The result of finite element segmentation is shown in Fig.
5(a). The rod was subjected to a torque of 6825 kgf-m, as
shown in Fig. 5(b). After the force analysis, the maximal VVon
Mises stress was 12.6 MPa, as shown in Fig. 5(c). The
maximum displacement was 1.306 mm, as shown in Fig.
5(d).
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Fig. 5. The stress analysis in fastener G.
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Fig. 6. The stress analysis in fastener D.

C. Fastener D
The result of finite element segmentation is shown in Fig.
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6(a). The rod was subjected to a pulling force of 4116N, as
shown in Fig. 6(b). After the force analysis, the maximal Von
Mises stress was 479.9 MPa, as shown in Fig. 6(c). The
maximum displacement was 0.8697 mm, as shown in Fig.
6(d).

D. Fastener E

The result of finite element segmentation is shown in Fig.
7(a). The rod was subjected to a torque of 6825 kgf-m, as
shown in Fig. 7(b). The maximal Von Mises stress after the
force analysis was 69.54 MPa, as shown in Fig. 7(c). The
maximal displacement was 0.3081 mm, as shown in Fig.
7(d).
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Fig. 7. Magnetization as a function of applied field.

IV. CONCLUSION AND FUTURE WORK

According to the simulation results, the stress over the
fastener was focused at the junction, which made it slightly
deformed. The Von Mises stress did not exceed the maximal
shear stress of the fastener, thus it indicated that the fastener
would not break due to strong wind. With regard to
deformation, the maximal displacement occurred on the rod.
It indicated that all fasteners would only have some slight
deformation without being broken before the breakage of the
rod. The results above showed that the overall fastener
strength obtained by the material and structural design could
fit the requirement in real world. At present, square rods are
not so commonly used. The next step of this study will be
adjustment in shapes of the rods and fasteners, in which
circular rods will be used instead, to promote further
application of recycled plastic composite-based rods for the
simplified greenhouse.
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