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A Development of Cheju-style Plastic
Greenhouse Model for Crop Growing
- Numerical Analysis for Wind Loading

Ki-Rin Kwon * Young-Ho Kim - Chang-Shik Min
Dept., of Mechanical Engineering, Cheju National University, Cheju,
Chejudo, 690-756, Korea
'Cheju Citrus Research Institute, NamKun, Chejudo, 697-310, Korea
*Dept. of Civil Engineering, Donggook University, Seoul, 100-715, Korea

An elastic analysis under wind load is performed for the double layered
plastic greenhouse model developed particularly for minimizing damages
under typhoons at Cheju Citrus Research Institute in Chejudo. General
EVA film is used for the inner covering and for the outer covering the
developed special film which would break the wind pressure down is used.
Based on the wind tunnel test, this special film will reduce effectively the
wind speed by up to 86 to 98% under very controlled situation. Many more
tests need to be performed to adopt the results to greenhouse analysis.

Based on the elastic analysis performed in the study, the behavior of the
greenhouse is changed dramatically due to the boundary conditions. Not
like other researchers before we applied dead load of the concrete support
at the ground pipe and fixed support boundary conditions at the 4 corner
pipes. The analysis shows that the greenhouse is lifted and pulled the pipe
out of the ground due to the sucking wind pressure. The behavior of the
greenhouse is very much similar to that one real greenhouse failure,
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Therefore, not only we need to find the realistic boundary conditions for
the supports, but also need to perform many more researches to find how
to rest the pipe supports on the ground without losing economy.
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Fig. 1. Schematic diagram of Wind
tunnel experimental apparatus
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Table 1. Open Type Wind Tunnel

Item Specification

Range of wind velocity | 05 - 40 m/sec

Test section 400(D) X 400(H) X 1200(L)m/m
Blower type Axial fan

Driving motor AC 75KW
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Fig. 2. Arched roof pipe greenhouse
in the Cheju citrus research
institute(4 span model)
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Fig. 4 Boundary conditions of the model
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Table 2. General properties of carbon steel pipes and wire
Outside Diameter Thickness | Unit Weight Modul.u?s of
size diameter | allowance ( ) (kg/m) elasticity
{mm) {mm) mm m (kg/cm?)
#20 272 105 2.65 1.60
#25 340 +05 325 2.46 21 x 10°
@40 48.6 +0.5 3.25 3.63
Wire (dmmX&) 40 - - -
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Table 3. Maximum wind speed and Instant maximum wind speed during 1985

and 1995 in the Cheju area.

Year Maximum wind date Instant maximum date
speed (m/s) wind speed{m/s)

1985 218 10/05 38.8 10/05
1986 19.0 8/28 416 8/28
1987 240 1/12 353 8/30
1988 17.7 12/16 259 1/23
1989 23.0 2/26 31.6 2/26
1990 23.0 11/09 297 11/20
1991 24.3 9/27 300 9/27
1992 252 1/31 3038 11/20
1993 26.8 4/24 323 1/27
1994 17.7 8/13 259 6/18
1995 237 3/10 35.0 11/07
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Table 4. First experimental results of wind speed reduction due to wind-break
net installed inside of the duct

Inflow velocity Outflow velocity Speed reduction ratio(%)
[Vi(m/s)] (V2 (m/s)] (1- %) %100
5 0.1 98
10 13 87
15 2.2 85
20 2.8 86
25 33 86

Table 5. Second experimental results of wind speed reduction due to wind-
breakup net installed outside of the duct (30cm from the duct)

Distance from the | Inflow velocity | Outflow velocity | SPeed reduction ratio(%)
duct entrance(cm) [Vi(m/s)] [Vz(m/s)] (1- VL:) X100
5 0.92 82
10 0.41 92
0 15 0.2 96
20 0.1 98
5 2.04 80
10 2.01 80
20 15 1.94 81
20 1.7 83
5 33 78
10 2.71 82
40 15 2,62 83
20 2.56 83
5 3.62 82
10 3.02 85
50 15 278 86
20 2.06 90
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(b) Deformed shape of a section in the center of the model

Fig. 7. Deformed shape of the model - magnification factor = 1.0
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