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Abstract.

This study was carried out to evaluate the structural stability in a non-heating greenhouse with a

single cover for Citrus cultivation which was built up in Jeju on the basis of the drawing designed by Jejudo
Agricultural Research & Extension Services and also to make use of the data for developing a standardized
non-heating greenhouse in Jeju. The analysis of a structural stability was conducted by using CFX-5.7 and
ANSYS under the design condition of a maximum accumulated snow-depth of 19.1 ¢m as well as an instanta-
neous maximum wind velocity of 36.6 m « s~ which was set up on the basis of meteorological statistics in Jeju.
As a result, the maximum von-Mises stress applied on pipes under the wind velocity of 36.6 m - s™! showed a
value of 250 N - mm~ which was greater than the allowable stress of the pipe with a value of 235.4 N+ mm™
(=2,400 kg - cm™) and also 53.8 N-mm™ under the snow-depth of 19.1 cm, respectively. This result sug-
gested that the greenhouse be unstable under the design condition of an instantaneous wind velocity of
36.6 m+s' so that it was necessary for the greenhouse to be reinforced to secure the structural stability.
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(a) Single cover

(b) Strong wire

Fig. 1. Configuration of a non-heating greenhouse with a single cover for Citrus cultivation in Jeju.
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Fig. 2. Geometry of a non-heating greenhouse to be analyzed.

Table 1. Specification of pipes to be analyzed.

. . Main Cross Supp. cross Main Sub. Floor
Classification
column beam beam rafter rafter beam
Material SPP 50A SPS 40A SPS 25A SPS 40A SPS 20A SPS 20A
(Spec.) ($60.5%3.65t) (048.6x1.8t)  ($p34.0x1.8t)  ($p48.6x1.8¢) ($p27.2x1.8t) ($27.2x1.8t)
Interval & No. 2m 2m 2m 2m 40 cm 5P/house
Classification Side Bracin Front/Back Front/Back Wire Wire
S8 10 beam & column cross beam (Inner) (Outer)
Material SPS 20A SPS 40A SPP 50A SPS 40A - -
(Spec.) ($27.2x1.8t) (048.6x1.8t)  ($60.5x3.65t)  ($p48.6x1.8¢) (94.8) ($4.8)
Interval & No. 3P/face 2P/house 4P/face 4P/face 8m 4m
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Fig. 3. The computational domain and boundary conditions for an applied wind load in CFX.

Table 2. Descriptions and boundary conditions of the CFD
model.

Methods and conditions
3D, Steady state

Inlet : V;,=36.6 and 60.0 m - 57,
Turbulence intensity = 5%(Default)
Outlet : P = 0, Turbulence

Classification

Simulation type

cBoor:I;i(tji?)rr?s intensity = 5%(Default)
Upper and lateral : Free slip condition
Greenhouse : No slip condition
Ground : No slip condition

. Fluid : Air at 25°C

Domain .

models Reference pressure : 1 atm
Buoyancy option : Non Buoyant

Advection Specified Blend Factor = 0.75

scheme

Convergence Auto Timescale

control
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Fig. 4. Distribution of an applied snow load in ANSYS.
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Table 3. Specification of material characteristics and the corresponding allowable stress.

Materials Modulus of elasticity (E, N - mm™) Poisson's ratio (V) Allowable stress (o, N- mm™)
Pipe 200.0x10° 03 2354
Film (PE) 0.2x10° 04 10.8
Run CFX Gamgyut 3GH latest mody $5736.6 001 Run CFX Gamgyu! 8GM latest mod1 §ST36.6 001
‘Momentum and Mass - RMS TurbKE and TurbFreq Quantities - RMS
jro
. st e

Fig. 6. Convergence behavior of the momentum(left view) and turbulent equations(right view) for the Vi, =36.6 m s™' inlet

flow.
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Fig. 7. Velocity contours for the Vi, = 36.6 m * s~ inlet flow.
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Fig. 8. Distribution of the total pressure for the V;, = 36.6 m
+ s inlet flow.
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Fig. 9. Deflection and von-Mises stress of the film and pipes for a maximum accumulated snow-depth of 19.1 cm.

Table 4. Deflection and von-Mises stress of pipes and the PE film.

Results Max. deflection(mm) Max. stress(N - mm™2)
Condition Pipe Film(PE) Pipe Film(PE)
Max. accumulated 19.1 ecm 8.0 8.0 53.8 0.3
snow-depth 37.8 e 15.8 15.8 107.0 0.5

*Recorded as a maximum accumulated snow-depth on Jan. 25, 1963 in Jeju.

(a) Deflection (b) von-Mises stress

Fig. 10. Deflection and von-Mises stress of pipes for an instantaneous maximum wind velocity of 36.6 m - s™\.
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Table 5. Deflection and von-Mises stress of pipes and the PE film.

Results Max. deflection(mm) Max. stress(N - mm2)

Condition Pipe Film(PE) Pipe Film(PE)
Instantaneous maximum 36.6m:*s! 28.2 - 250.0 -
wind velocity 60.0m-s " 762 - 672.0 -

“Recorded as an instantaneous maximum wind velocity on Sep. 12, 2003 in Jeju.
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