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Abstract. To provide the data necessary to determine the design wind speed for calculating the wind load acting on a
greenhouse, we measured the wind speed below 10m height and analyzed the power law exponents at Buan and
Gunwi. A wind speed greater than Sm-s™ is appropriate for calculating the power law exponent necessary to deter-
mine the wind speed distribution function according to height. We observed that the wind speed increased according
to a power law function with increased height at Buan, showing a similar trend to the RDC and JGHA standards.
Therefore, this result should be applied when determining the power law function for calculating the design wind
speed of the greenhouse structure. The ordinary trend is that if terrain roughness increases the value of power law
exponent also increases, but in the case of Gunwi the value of power law exponent was 0.06, which shows contrary
value than that of the ordinary trend. This contrary trend was due to the elevations difference of 2m between tower
installed and surrounding area, which cause contraction in streamline. The power law exponent started to decrease at
7 am, stopped decreasing and started to increase at 3 pm, and stopped increasing and remained constant at 12 pm at
Buan. These changes correspond to the general change trends of the power law exponent. The calculated value of the
shape parameter for Buan was 1.51, confirming that the wind characteristics at Buan, a reclaimed area near the coast,
were similar to those of coastal areas in Jeju.

Additional key words : agricultural open terrain, greenhouse structural design standard, low rise structure, power
law exponent, terrain roughness
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Table 1. Design standards for comparison.

Nations Standards Publisher(year)
gé:fnr?(s);snedztrtju:g;rs Ministry of Agriculture,
g . Food and Rural Affairs(1999)
Korea explanations
Greenhouse Rural Development
structural requirements Corporation(1995)
Recommendations for Architectural Institute
loads on buildings of Japan(2004)

Japan
P Standard for structural Japan GF eenhouse
safety of greenhouse Hom?ulture

Association(1997)

Nether- Greenhouses- Netherlands Standards
lands  Design and Construction Institution(2004)

Structural Desien National Greenhouse
USA g Manufacturers Associa-

Manual tion(2004)
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Table 2. Standard of design wind speed for each country.
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Publisher (year)  Design wind speed Exposure coefficient
Z<10m 10m<Z<300m
MAFRA (1999) VxK
1.0 0.71z%
Z<5m Sm<Z<350m
Al (2004) Vx K ( 5 )Uf ( 7 )a
=1 =1
755 755
Z<2m 2m<Z<200m
NEN (2004) VxK K=0.19x1 K=0.19x1
X nW X nﬁ
Z<4.5Tm 4.57Tm<7<274.32m
1 2 2
NGMA (2004) Vx K ( 15 )a ( )
K=2.01 K=2.01
M\575 33 W \572 33
RDC (1995) V(Z @
JGHA (1977) 7 . .

V: Basic wind speed, Z: Height, K: Exposure coefficient, Z): Reference height (=10m), oz Power-law exponent

(a) Picture

Fig. 1. Picture and height of wind speed sensors.
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Table 3. Location of ultrasonic anemometer tower and measuring

period.
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(b) Aerial picture of location

Fig. 2. Location of ultrasonic anemometer tower in Buan.

(b) Aerial picture of location

Fig. 3. Location of ultrasonic anemometer tower in Gunwi.

Table 4. Specifications of wind speed sensors, pyranometer and data logger.

Experiment equipments Product name Measuring range Accuracy Resolution
Wind speed sensor WindSonic 0to 60 ms”! £2% @ 12m-s”! 0.01m-s’!
Pyranometer CMP3 300 to 2800nm +5% @ 10pV-W'm? 2000W-m™
Data logger CR1000 100 Hz +(0.06% of reading + offset) 0.33uV
138 Protected Horticulture and Plant Factory, Vol. 24, No. 3, 2015
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Fig. 4. Variation of wind speed according to height.
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Table 5. Coefficient of determination in each wind speed section.
Wind speed Buan Gunwi

(ms™) Above 0.1m Above 0.6m Above 1.0m Above 0.1m Above 0.6m Above 1.0m
0~1 0.62 0.50 0.43 0.03 0.00 0.00
1~2 0.90 0.91 0.90 0.39 0.22 0.15
2~3 0.93 0.95 0.95 0.62 0.50 0.43
3~4 0.94 0.96 0.96 0.71 0.64 0.59
4~5 0.94 0.96 0.96 0.77 0.73 0.69
5~6 0.94 0.96 0.96 0.80 0.77 0.73
6~7 0.94 0.96 0.95 0.81 0.79 0.75
7~8 0.93 0.96 0.95 0.82 0.81 0.78
8~9 0.93 0.96 0.95 0.83 0.82 0.79
9~10 0.93 0.96 0.95 0.83 0.83 0.81
10~11 0.93 0.96 0.94 0.83 0.82 0.80
11~12 0.93 0.96 0.94 0.84 0.83 0.81
12~13 0.93 0.96 0.94 0.82 0.83 0.80
13~14 0.92 0.95 0.93

14~15 0.92 0.95 0.92 0.84 0.83 0.82

Above 15 0.92 0.94 0.92
15 1
Exponent Exponent
© Average exponent o Average exponent
% “;; 05
0 2 4 8 10 12! 14 16 18 20 o] S 10 15 20

Wind speed at 10 m (m-s'})
(a) Buan

Fig. 7. Variation of power-law exponent according to wind speed.
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Wind speed Buan Gunwi
(m-s™) Above 0.1m Above 0.6m Above 1.0m Above 0.1m Above 0.6m Above 1.0m
0~1 0.30 0.34 0.35 0.12 0.16 0.17
1-2 0.38 0.39 0.39 0.10 0.11 0.12
2-3 0.38 0.37 0.37 0.09 0.09 0.09
3~4 0.33 0.33 0.32 0.08 0.08 0.08
4~5 0.28 0.29 0.28 0.07 0.07 0.07
5~6 0.26 0.27 0.27 0.06 0.07 0.07
6~7 0.26 0.27 0.26 0.06 0.07 0.07
7~8 0.26 0.28 0.27 0.06 0.07 0.07
8~9 0.26 0.29 0.28 0.06 0.07 0.07
9~10 0.27 0.30 0.29 0.06 0.07 0.07
10~11 0.27 0.30 0.29 0.06 0.07 0.07
11~12 0.27 0.30 0.29 0.06 0.07 0.07
12~13 0.27 0.30 0.29 0.07 0.07 0.08
13~14 0.26 0.29 0.28 0.06 0.06 0.06
14~15 0.26 0.29 0.28
15~16 0.26 0.30 0.29
0.07 0.08 0.08
16~17 025 0.28 0.28
Above 17 0.25 0.28 0.28
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