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Structural Safety of Single-Span Greenhouses under Wind Load of Costal Reclaimed Lands
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Abstract

Coastal reclamation has created large flat lands, part of which is an attractive site to construct greenhouse complexes for the horticulture industry. Wind
environments over these coastal lands are entirely different from those of the inland area, and demand increased structural safety. The objective of this
study is to evaluate the structural safety of two single-span greenhouses, peach type and even-span type, under the wind characteristics of coastal
reclaimed lands. The wind pressure coefficients acting on the walls and roofs of two greenhouses were measured by wind tunnel experiments, and those
acting on the roofs were approximately two times larger than those suggested by the existing design guidelines. Consequently, structural analysis
conducted by SAP2000 showed that greenhouse structures designed by the existing guidelines might lead to structural failure under coastal wind
conditions because their maximum allowable wind speeds were lower than the design wind speed. Especially, the peach type greenhouse constructed in
areclaimed land could be damaged by approximately 48 % of the design wind speed and needed improvement of structural designs. This study suggested
increasing the spacing of rafters with thicker pipes for the peach type greenhouse to enhance economic feasibility of the building under strong wind

conditions of reclaimed lands.
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(b) Even—span type (slope=26°)
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Fig. 1 Targeted greenhouse structures: (a) peach type and (b) even—span type (unit in drawing: millimeters). [] indicates a rectangular

pipe
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(b) Even—span type

Fig. 2 Wind pressure of target greenhouses: (a) peach type and (b) even—span type. Symbols indicate h=ridge height, h.=eave height,
s=span width, re=curvature radius of the roof, a=roof slope, and R1, R2, S1, S2=wind loads, where 1 and 2 indicate windward and

leeward direction, respectively

Table 1 Mechanical properties of structural members for greenhouses

Greenhouse Members Section area Section modulus | Tension strength Yield strength | modulus of elasticity
(mm) (cm?) (cm®) (MPa) (MPa) (t-em™)
Peach type $31.8 X 1.7t 1.608 1,149
Even—span type
XB0X
(columns) [J40%60<3.0t 5.640 9,128 400 295 2100
Even-span type | 5 40x3 0t 4,440 5.009
(beams)
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Fig. 3 Calculation process of allowable wind speed of greenhouses
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Table 2 Wind pressure coefficients of peach type greenhouses for structural design

References Ria R1b Ric R1d R2a R2b R2c R2d St S2
MFAFF (1999) -0.6 -0.6 -07 -0.7 -0.2 -0.2 -0.5 -0.5 0.8 -0.4
MAFRA o 22° -0.6 —0.6 -0.7 -0.7 -0.2 -0.2 -0.5 -0.5 0.8 -0.4
(2014) = 22 -05 -0.5 -0.6 -0.6 -0.2 -0.2 -0.4 -0.4 0.8 -0.4
rp=40m —-0.09 -1.09 -1.73 -1.90 —-0.50 —0.61 -1.20 -1.76 0.50 —0.50
ro=45m -0.10 -0.95 —-1.47 -1.77 —0.55 -0.64 -1.04 -1.86 0.51 —0.50
Kimetal | ro=50m —-0.02 -0.79 -1.11 -1.35 -0.73 -0.81 -1.00 —1.36 0.52 —-0.64
(2014a) | r,=55m | 005 -053 | -077 | 083 | -079 | -080 | -0.82 | 087 0.55 -0.74
rp=6.0m 0.03 —0.46 -0.79 —0.91 -0.78 -0.79 -0.83 -0.90 0.55 -0.71
rp=65m 0.05 —0.44 -0.68 -0.80 —0.81 —-0.81 —-0.81 -0.84 0.55 —-0.75
Table 3 Wind pressure coefficients of even—span type greenhouses for structural design
References R1 R2 St S2

MFAFF (1999) 1.3sin(e)-0.5 -0.5 0.8 -0.4

o=22° —0.33 —0.85 0.64 —0.67

o=24° -0.25 —0.84 0.61 —0.68

Kim et al. a=26° -0.23 -0.89 0.57 -0.71

(2014b) o= 28° -0.18 -0,91 0.56 -0.72

a = 30° -0.13 —-0.88 0.56 -0.71

a=32° —-0.07 -0.85 0.50 -0.73

S5 3tal=ry Al50A Al4E, 2017 + 113



R WSS 240| JokE

7 Bl )

317 e
A% ol 485k BY A} o5
%dl“ﬂm4@ﬂﬂé-ﬂ EERES DR
ot vl oJaRe o Alo] Spoly 2o v
B e L EE Y
S 25 B A4}l A B At 1)
uhol F3bE F5E 20 e 7% QAA B4o] Ba
Sleh. B3, 7120] LA A 7H4A) B804 2| e
73 oS A 510 2 A, olof wh Ao 1igh

=T et

3 v & Z-e A

Table 4 Maximum section force (MSF) and maximum allowable wind speed for single—span greenhouses
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Aol ofgt
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9k,
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Table 49} it} 221 0] Bajjo) 2+-82-5)
sl vlsto] otz J3t 5150]

o) 2ol 7102 A, olo] w2}

FE7HA] Bl8-o] Hrt. ¥ 5
Fxof 7HA 2] T2 of tgt Foks E

ols} 2.4]
wZ 2§41 A,

9] Fa150] o8] RAjo] AHaHs Ze) 515 0F-1200~
1299 N-M 2] ZulE9}553~1837 N ¥ 9]2] Z2jo] 21-85}0]

G | wind ficient Wind pressure coefficients in coastal
) eneral wind pressure coefticients reclaimed land (Kwon et al., 2016)
Greenhouse Design Load type All bl All bl
variables Moment Axial force wingv;apez 4 Moment Axial force wingv:l)e: i
(N-M) (N) o (N-M) (N) )
(m-s™) (m-s™)
Unit wind load —334.19 383.89 —1246.64 1837.89
rp=4.0m 36.8 19.0
Self-weight 18.49 -71.91 18,49 —71.91
Unit wind load —337.48 382.40 —1273.57 1622.47
ro=45m 36.6 18.8
Self-weight 18.70 —-71.53 18.70 —71.53
Unit wind load —339.94 381.21 —1299.25 1185.69
rp=5.0m 36.5 18.7
Peach Self-weight 18.87 -n.27 18.87 -.27
type Unit wind load -341.85 380.25 -1191.08 645,83
rp=55m 36.4 19.5
Self—-weight 19.01 -71.10 19.01 -71.10
Unit wind load —343.35 379.45 —1200.07 651,98
rp=6.0m 36.3 19.5
Self-weight 19.13 —70.97 1913 -70.97
Unit wind load -344.60 378,77 —1200.41 553.50
ro=65m - 36.3 19.5
Self-weight 19.23 —70.88 19,23 —70.88
Unit wind load —3290.36 —851.50 —4287.32 1465.01
a=22° 32.0 287
Self-weight 107.56 —319.05 107.56 —319.05
Unit wind load —3468.06 —1005.98 —4318.83 1096.20
o= 24° 31.1 287
Self-weight 109.47 -321.50 109.47 -321.50
Unit wind load -3671.32 —1149,92 —4647.57 1164.54
a = 26° - 30.2 277
Even—span Self-weight 111,35 —324.23 111,35 —324.23
type Unit wind load —3902.84 —1281.90 —4983.40 1042.00
a = 28° 284 267
Self-weight 113.21 -327.27 113.21 -327.27
Unit wind load —4165.71 —1400.30 —5124 93 815,54
a=30° 28.4 26.4
Self-weight 115,08 —330.63 115.08 —330.63
Unit wind load —4638.09 —1526.79 —5199.28 553.49
a=32° 26.9 26.1
Self-weight 116.95 —334.35 116,95 -334.35
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A& Algstol s 2 B4l §le 2 0= Bl T8 &
SOty 249] = 71 AlEA ol A AAE AAIRTe] 73}
H Fole 2N E 2 Aol ZHidt &l & Hol7|
5o, Bgots 2410 AA| Bk WS A\ AR} gk
S-gjufeke] 8 k7|0 AH 77 A F45S Yunet
al. (2013)f &Jal] A4 =itk Yun et al. (2013)-2 = 717)
A 2] 7S AR S 7|9E0 & Kriging 7P of| 2ja]) u]
ZA] 0] A T2 APgs om, =i 107 712 2] 2] <o)
gt AE 71 A 52 AAEHILE dA) S-eluete)
@A 274 (MFAFF, 1999)0| A= A& 717+ 22 0.
47939 01t Lee (2016)0f| mp 21 241 0] --27)) W FEfjo
whet 15~60 5 choket Ajd 717kS e Havt glow,
T A A 7|13k A et e e g Aot
ook A4S Ak A o) 1k )¢ AAdgicar g8t
I, Yunetal. (2013)0] w2}35.3 m-s' & A7 FL0 2 Ha}
k. 7H2 2] of 2gket sl 5515 23 (Kwon et al., 2016)
oA A FE5S W] et & B S A ESHICH
Qe O R T, 2 Ao M A7kl 1H A2 AR §
StA7|H, T2 A 84 71 A I s L sl At
e}, =g ofof| wh2 A7t 7HA T} ul-8-S APYs]| Btk
TEHH (10)°] 5 m3l Egoldy 240 tfsf 24 28
T}0]3Z (SPVHS) 2] A& 714 of) whet uto] i 1128 HE}A]
715 35.3 m-s™ 0] QPAEL-S Sl o) LAk A7l
A& 242 4 7g8det (Fig. 4). ERFKS D 3760 414 Q15
S Bk R Tlo|ZE sk JAEQ] Hdt Tt
(20179 06€~07 ¢ 7|5) & #a1sto] 42 Q== o] o] 7}
A& A&t o] w, a3t gho]3z o] Fi4r=97 m Zo|
O] BF9-A 155 7|FE 0 & A etg) o, A7k 2 At
91E 5 em & sto] A3t
Table 5] 35 B, 7]22] gto| 25 I 2 AME-E 7
9-(@31.8x1.7t) B A7 ZFA 0] 15 cmo|H, o]i= AA| 2
Al E L AR Alof| 2G5 7HA-S B EHA] el uto]
o] A W FAE Bl o] A & 4= Qltk 2=
o] e, ujd ] A J=, ks 5o AAMSE 11est
A] oF-2- 79 u]-89kS q1ejate] 71 ghel#]l gtol = 414
2 ©59.9x2. 1t 2 HLk=| Qi) wheba] 7HA-S 55 A Bt
=S 58 & 5199 gto]| 5 ARSSh= Al o] 7]
Aol Al gzt AAI AL Aolet Hto] Hek i, 9
of| AlAJet AL 2|7FEte] 7hA 0 &2 ¥y (bending) H]
&, B2 7+, Alg|8-0] 2foli= ZEeA] kot whetAd
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Table 5 Cost of reinforcing rafters of peach type greenhouse (ro= 5.0 m) for structural safety in coastal reclaimed lands

Members Rafter spacing Cost for pipes Length of rafter Number of Total cost
(mm) (cm) (W -m") (m) pipes (W)

@31.8x1.7t 15 1,453 11.84 648 11,147,881
D42.2x2 1t 30 2,349 11.84 324 9,011,140
D42.2x2 3t 35 2,559 11.84 278 8,423,000
D48 1x2.1t 45 2,696 11.84 217 6,926,779
D48 1x2.3t 50 2,946 11.84 195 6,801,725
@59 9x2 1t 75 3,398 11.84 130 5,230,202
D59 .9x2.3t 80 3,706 11.84 122 5,353,243
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Fig. 4 A schematic overview of the decision process of allowable
pipe section
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