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The Optimum Specification of Pipes in Rain-Sheltering Greenhouse
with Roof Vents for Large-Grain Grapevine Cultivation
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Abstract. This study was carried out to: (1) analyze structural stability of representative rain-sheltering
greenhouses for large-grain grapevine cultivation with widths of 3.6 m and 5 m in case of using the existing
pipe for agriculture; (2) present the optimum specification of pipes in the greenhouse with a width of 5 m
under the condition of using the pipe of which uttimate strength has been above 400 N-mm ™% (3) evaluate
stability and also present the optimum specification of pipes as eaves height was augmented. The above
analyses were done for greenhouses with roof vents and also with a main-column interval of 3 m and a rafter
interval of 60 cm. First, the existing 3.6 m greenhouse with a rafter of $25.4 x 1.5 t@600 was stable for a
snow-depth of 35 cm but unstable for a wind velocity of 35 m-s™!. Meanwhile the existing 5 m greenhouse
with the same rafter was not stable for a wind velocity of 335 m-s ' as well as a snow-depth of 35 cm. This
meant that existing greenhouses had to be reinforced to secure stability. Second, the specification of pipes,
especially rafter, could be classified as two cases. One had a structural stability at a safe wind velocity of
35m-s ' and a safe snow-depth of 40 cm for which stability the rafter had to be $31.8 x 1.5 t@600, and the
other had a stability at 30 m+s '-35 cm at the specification of rafter $25.4x 1.5 t@600. Finally, eaves
height had a significant effect on safe wind velocity. But it had little influence on safe snow-depth. The
results showed that the specification of side-wall pipes had to be reinforced for the safe side velocity accord-
ing to the increment of eaves height and similarly the specification of fore-end post for the safe fore-end
velocity.
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Table 1. Strength of the pipe to be considered and criterion
of judgment of structural stability.

Material characteristics

ST—— il o Criterion of
. marte stress 1eld stress 'ud ent
Pipe (N'mm?)  (N-mm) Judgm

<
SGH400  400.0 295.0 Om=Ca

(=186.7N*mm 2"

“Allowable stress,

_Min[Ultimate stress x 0.7, Yield stress]
B Factor of safety(= 1.5)
=186.7N-mm™>

a

2 molx 74 H4A A SGHA00 T TXE 4
#, 3888 5,=186.7N-mm 2l et 2 &
S ZE8319H(Table 1). Ao Z&]& von Mises
S8 HEA9} golxE 9AE 502 TR HA
A § oF 6590 oA e & A
2 847 ZV0) W 3o FIAEE 1w
T3 von Mises 289 2% 712 y2jsle &
a3y =g ol g§AA G ZoFHl=
210x 10°N-mm %4} 0.3&, HEAPE €5, 0.1 mm)
o] EMdAIES; ZokHlE 1.1x 10N -mm 5} 0425
Agsigon AABES 1481ED), F3EE,), &
E3E(Wy) 2 HAEF (WS J83180). Feke2
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o 29 2 A3 §Y 45 25 1A
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Table 2. Combination of load applied to analyze structural stability.

Classification

Combination of load

Safe wind velocity
Safe snow-depth near ravines

the other faces

Dead load +wind load (Py)+ crops load (Ws)
Dead load + 1.5 x snow load (1.5W,)
Dead load + snow load (Wy)
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(a) Wind force coefficients and crops weight (b) Snow load

Fig. 1. Design loads applied to analyze structural stability of rain-sheltering greenhouse.
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Fig. 2. Configuration and dimension of an existing rain-sheltering greenhouse to be analyzed (unit : mm).
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Table 3. Determination of design wind velocity applied to analyze structural stability of the existing rain-sheltering green-
house.

Main region Cheonan-Anseong Gimcheon- Youngdong Gyeongsan
Near city or county Suwon  Icheon Cheongju Daejon Seongsan Seongju Daegu T:(l’ll;ﬁi- Miryang
Design velocity of = 215 313 27.9 29.9 221 31.1 34.0 28.8
city or county (m*s™ )
Distance from
the main region(km) 357 33.6 36.0 36.6 204 25.8 14.1 249 37.8
Distance-weighted . 2587 26.6 309
average velocity (m*s™')
Main design ¥
wind velocity (m*s~) 30.9
-1 -1 -1
ZV=35.7 kmx242m-s +336kmx215m-s +360kmx313m-s —258mes!

35.7 km + 33.6 km + 36.0 km

YV=Max[Cheonan Anseong’s design wind velocity, Gimcheon-Youngdong’s, Gyungsan’s]=30.9 m+s~!

Table 4. Determination of design snow-depth applied to analyze structural stability of the existing rain-sheltering greenhouse.

Main region Cheonan-Anseong Gimcheon- Youngdong Gyeongsan

Near city or county Suwon  Icheon Cheongju Dagjon Seongsan Seongju Daegu tgl;grg; Miryang
Design snow-depth 262 285 399 258 244 173 215 191 135
of city or county (cm)

Distance from 357 33.6 36.0 36.6 20.4 25.8 14.1 24.9 37.8
the main region (km)

Distance-weighted 316" 28 16.8

average depth (cm)

Main design 316

snow-depth (cm)

_35.7 km x 24.6 cm +33.6 km x 28.5 cm + 36.0 km x 39.9 cm

b 35.7 km +33.6 km + 36.0 km

=31.6cm

YD =Max[Cheonan * Anseong’s snow-depth, Gimcheon* Youngdong’s, Gyungsan’s]=31.6 cm
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Deok face

=

1800

H7AE) Eol(h)E 70emBRE] A 130cm HE7}
A AEsl o] P Eold wE Fx kA
AESALE 3 vo|= 74L& xEzo), XEaH),
Aulzo] 9 M7Re} S5l WE 727 kA B
A AAE Fusla FHFFo ATH 4 FahEol
gk 124 obAAS ARSI HAsk)

=

Aot o 03

1. |71 SIRA0 2= oMM (7} 7IF)

E 36mxZaL 25mx B3I 3.9mEEotd | F
7% 28 3mx A7 744 60em?) HAANHE 3.6m
H7FE o] gk 2 QBN HA A, 244
3semollAE Jeolzel Holg-#o] 133.0N-mm20E
518-38(0,=156.9N-mm )BT} 2o} FxHo7 ¢k
Ag oz BAEPoY SH 9 A% /1) 5

35m-s 'ollX= SHell RIS WEE Hlo] LG H A7}
&) st vlterls sidolA gEo) ZH} 228.0
N-mm 5%} 276.0N-mm 202 &8-858 23] B2l
g Ao= FAETHTable 5).

Z smxZ3L 29mx B 4.6mESorE )0l Y
F71%% 2 A7 HAS Zh= AREE sm Bzt
R0 Aolli= FAA 359 &9 2 A5 5
4 35mesoM B HE-3ES 2| Eokgh
Ao 7 EXMEtH(Table 5). 3-8-3-8S 2I3}= von
Mises 282 & 36me| 7% FH5E 35mes! A
Wz A, Z 5me] Afole FHEE
35m-s~! A] B alolste} 2715 A4 35emellA]
= FRHA 77t eh s Ao EAEITK Table
6). b Shee] A QS Eo)7] HEiMe
71E HgE g oldx Fe AT Ae, £
3.6me] 73-folli= WEHo|=E, F sme| B9l
WEHle|x 37|15 9 IRHE 5o 84S 47} %
sljedof she A0 E AT golT 774 Ash=
AlH] de R oo EE Y)E ke oljlk
Rt FEAE 2 AT & ol edw
SGH400 5)5 AM8ske F2EA WRME aEsjof
& daAol sle Ao ATl 7F A &9
A= Z 3.6me] B SHFS M WEH
ol® F7G 9 IRE Fo2 FMM| tisire

Table 5. von Mises stress on pipes and its location in the existing rain-sheltering greenhouse with widths of 3.6 m and 5 m.

\()@Vé(gi\rlrfs )I(—Igal;g;)fH ) von Mises stress (N * mm™2) Wind velocity Snow-depth
(Roof shape, Rafter L) Pipes Side 35 m*s™" Fore-end 35 m-s™! 35cm
3.6mx25mx3.9m Gutter beam 048.1x2.1t
@3 mx 60 cm Column $48.1x2.1 t@3000
(Peach, 1.=4,650) Rafter 254 1.5 @600 228.0% 276.0 133.0
Side wall $25.4x 1.5 t@600 @Side wall ~ @Fore-end post (@Gutter beam
Cross beam $48.1x2.1 t@3000
Cross-beam strut -
5mx29mx4.6m Internal foothold $48.1x2.1t
@3 mx60 cm Cross-beam bracing $48.1x2.1t
(Peach, [.=6,200) Roof purlin’ $25.4x12t 345.0 518.0 167.0
Side purlin $25.4% 1.2t @Side wall  @Fore-end post (@Gutter beam
Fore-end post* $25.4x1.51
Fore-end crossing $25.4%x1.2¢

“Inclined value means that the stress is greater than the allowable stress of pipe.

*No. of roof purlins : 3 pieces for w=3.6 m, 5 pieces for w=>5 m.

*No. of fore-end posts : 3 pieces for w=3.6 m, 5 pieces for w=5 m.
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Table 6. von Mises stress on each of pipes in the existing rain-sheltering greenhouse with widths of 3.6 m and 5 m.

W x Eaves Hx Roof H von Mises stress (N*mm™)
@Column x Rafter Condition Gutter Col Raft Side Roof Side Cross Internal
(Roof shape, Rafter L) beam O™ S ol purlin purlin beam  foothold
36mx25mx39m Side
@3 mx 60 o 15mes 90.1 1430 741 2280 594 688 412 109
(Peach, L=4650 ~
) Sn‘;”,s"cﬁpth 1330 349 797 231 718 126 252 6.3

2@"; 29 mxAom sl 1220 2320 1090 3450 959 1080 735 109

Peach, L.=6200 -~
¢ ) Sn‘gvs" fnip‘h 167.0 516 1060 540 1110 227 381 6.4

Table 7. Characteristics of structural stability according to loads in rain-sheltering greenhouse with an arch-shaped roof

height of 1.6 m.

Specification

von Mises stress (N-2)

W5 mxEaves H2.5 mxRoof H4.1 m

Side velocity (m's™)

Snow-depth (cm)

@Column 3 m x Rafter 60(Arch, L.=6200)

WS5mxEaves H2.5 mxRoof H4.1 m 25

@Column 3 m x Rafter 60(Arch, L.=6200)

30 35 40 25 30 35 40

Gutter beam $48.1x2.1t Rafer and
Column $48.1x2.1 t@3000 side wall
Cross beam $48.1 x 2.1 t@3000 4)@220‘5)( 151 126.0 180.0 | 243.0 317.0| 120.0 141.0 162.0 | 183.0
Cross-beam strut -
Internal foothold 048.1x2.1t
Cross-beam bracing ¢48.1x2.1t Rafter and
Roof purlin(center) $25.4x1.5¢ j,ff gvalll 5
. BX L
};Z(;f;flli?(mhem) iig:i iz :Mea @600 853 1210 164.0 | 213.0 { 1140 133.0 1520 172.0
Fore-end post $48.1x 2.1 t/4ea
Fore-end crossing  $25.4x1.51

*Value at a uniform mesh size of 50mm, [s77ess]: Range of stability, [sfress]: Range of unstableness
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2. X[2=0| 1.6mOFX|&)e & mo|= 7

A8EO Leme]al AP3E)7} olx1He vl [Eke-
229} 2 oFd W= A7k 025.4x1.5t@6008) 7S
EAFS; 30mes™!, AL 35emR] AR HAH)

ov M7l $318x1.5(@600IAE PAEL 35mes!,
SEAAAAl 40em]l ZleZ VERTHTable 7). =, SF
B 35mesT'9h AL 40omE ZhE Tl Z AL
A7) $31.8x1.5t@600, WFHTOIZ $31.8x1.5t@600
ojxlom FAEE 30ms9} AL 358 Zhe )
o] AL M7IE $254x1.5t @600, HWEH Tto] T
$25.4x1.5t@600%] RO Z ERITHTable 8).

3. XBE0) 1.8mES0IE)S Y mlojz 7Y
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Table 8. The optimum specification of pipes and its structural stability of the greenhouse.

W x Eaves Hx Roof H » Safe velocity and snow-depth
@Column x Rafter S@cturz}l stablhjry (von Mises stress, N+ mm™)
Specification of pipes

Side velocity ~ Fore-end velocity ~ snow-depth

Smx25mx4.1m Rafter $31.8 x 1.5 t@600

@3 m60 cm Side wall 031.8x1.5t@600  35m-s! 35mes 40 cm
8x1, m-s

Peach, L.=6,200 . 146.0@Fore-end (173.0@Gutter

(Peach, 1.=6,200) Roof purlin(center) $31.8x1.5t  (163.0@Side wall)( @ ¢ @

post) beam)
Fore-end post $59.9%2.1 t/dea
Rafter $25.4 x 1.5 t@600 B
Sidewall  $254x15t@600  30m-s’ 30m-s 35 em

(161.0@Fore-end (166.0@Gutter

Roof purlin(center) ~ $25.4x1.5t  (179.0@Side wall) post) beam)

Fore-end post $48.1x2.1 t/dea

Table 9. Characteristics of structural stability according to loads in rain-sheltering greenhouse with a peach-shaped roof
height of 1.8m.

Specification von Mises stress (N -mm >y

W 5 mxEaves H2.5 mxRoof H4.3 m Side velocity (m-s™") Snow-depth (cm)
@Column 3 m x Rafter 60 (peach, L =6200) 25 30 35 40 25 30 35 40
Gutter beam ¢48.1x 2.1t

Column 048.1x2.1t@3000  Raferand

Cross beam $48.1 x2.1 t@3000 ::;;’Z’:lll s, 1250 1790 2420 3150 1190 1400 1610 1820
Cross-beam strut - @600

Internal foothold ¢48.1x2.1t

Cross-beam bracing 048.1x2.1t

Roof purlin(center) $25.4x1.5¢ Rafter and

Roof purlin(others) — ¢25.4x 1.5 t/4ea side wall 847 121.0 163.0 2120 113.0 1320 151.0 171.0
Side purlin $25.4x1.5t $31.8x1.5t

Fore-end post $48.1x2.1 t/4ea @600

Fore-end crossing 0254x%x1.5¢

"Value at a uniform mesh size of 50mm, [s7ress]: Range of stability, [sfress]: Range of unstableness

Table 10. The optimum specification of pipes and its structural stability of the greenhouse.

W x Eaves H x Roof H . Safe velocity and snow-depth
@Column x Rafter Structural stability (von Mises stress, N-mm™?)
Specification of pipes - - -
Side velocity ~ Fore-end velocity snow-depth
Smx25mx43m Rafter $31.8 x 1.5 t@600 |
@3 mx60 Side wall $318x1.5t@600  35m-s”! 3Smes 40 cm
Peach, L=6,200 - — . 151.0@Fore-end  (169.0@Gutter
(Peac 200)  Reof purlin(center)  ¢31.8x1.5t  (162.0@Side wall) ( gst) be?m)
Fore-end post 059.9x2.1 t/dea
Rafter $25.4 x 1.5 t@600 B
Side wall 0254x15t@600 30m-s! 30m-s 35 em

) (167.0@Fore-end  (165.0@Gutter

Roof purlin(center)  ¢25.4x1.5t  (178.0@Side wall post) beam)

Fore-end post 048.1x2.1 t/4ea

ThTable 9). QFAES: 35m-s7 19} QFHAAMA 40emS  AFH4A 35emEe ZHE FHo|Z AL A7
Zh= glolz FAL A7kl ¢31.8x 1.5t@600, BEEH  25.4x 1.5t@600, BRI $25.4x 1.5t@600%1 A
TJo]E $31.8x 1.5t@60001™, SHFL 30m-s7'9} ¢+ 22 JERITHTable 10). Fig. 4= A8E°] 1.8mE
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Fig. 4. Distribution of stress on pipes in rain-sheltering greenhouse with a width of 5 m.

Table 11. Von Mises stress on pipes according to a net height of h.

von Mises stress (N - mm2)

Net height W xEaves HxRoof H Safe velocity Saf Safe velocity Safe
h @Column x Rafter Side Fore-end ei,:;lsf(;) Zvr;x Side Fore-end snow-depth
35m-s' 35mes! 30m:s?  30mes] 35cem

70 em Smx25mx43m@3mx60cm  162.0 151.0 169.0 178.0 167.0 165.0
(Peach, L=6200) (Stable) (Stable) (Stable) (Stable) (Stable) (Stable)

90 em S5mx27mx45m@3 mx60cm  195.0 170.0 170.0 213.0 188.0 165.0
(Peach, L=6200) (Unstable)  (Stable) (Stable)  (Unstable) (Unstable) (Stable)

110 em Smx29mx47m@3 mx60cm 2310 191.0 170.0 253.0 210.0 166.0
(Peach, L=6200) (Unstable) (Unstable) (Stable) (Unstable) (Unstable) (Stable)

Table 12. The optimum specification of pipes and its structural stability of the greenhouse with heights of 90 cm and 110 cm,

respectively.
W x Eaves Hx Roof H . Safe velocity and snow-depth
@Column x Rafter Structural stability (von Mises stress, N*mm™2)
Specification of pipes - - -
Side velocity Fore-end velocity snow-depth
Smx2.7mx4.5m Side wall ~ $31.8x 1.7 t@600 35mes! 35m-s" 40 cm
@3mx 60 . (170.0@Fore-end (170.0@Gutter
(Peach, L=6200)  Fore-endpost $59.9x2.1t/4ca  (177.0@Side wall) post) beam)
. 25.4 x 1.7 t@600, 30m-s! 35cm
Side wall ¢ o5l
WA 931.8x 1.5 t@3000 st %O@néi;e way (175:0@Fore-end  (165.0@Gutter
Fore-end post  ¢48.1x2.3 t/dea ’ post) beam)
S5mx29mx4.7m Side wall  ¢33.5x2.1 t@600 35 mes! 35m-s! 40 cm
@3 mx 60 . (177.0@Fore-end (170.0@Gutter
(Peach, L=6,200)  Fore-end post $59.9x2.3t/4ea  (166.0@Side wall) post) beam)
Side wall ~ $31.8x 1.5 t@600 30m-s ! 30m-s’! 35¢cm
. (143.0@Fore-end (163.0@Gutter
Fore-end post ¢59.9x2.1 t/4ea  (173.0@Side wall) post) beam)
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