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A Study on the Improvement of Greenhouse Frame
to Bear the Heavy Snow
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'Dapartment of Architecture, Soonchunhyang University
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Abstract The damages from greenhouses collapsing due to heavy snowfall in winter are increasing, and the current
frames of greenhouse are required to be improved. This study was conducted to seek solutions to improve intensities
of greenhouse frame to bear heavy snows. We investigated a structural safety of greenhouses by calculating axial
force, bending moment and combined stress when snow load was increased up to 30% of the current standard ground
snow load of the conventional greenhouse types (07-single type 3, 07-single type 18) in the three regions (Gyeongju,
Sokcho, and Gangneung) where were most damaged by recent heavy snows. In addition, we determined what
structural type was most efficiently bear snow loads by measuring the differences between the load bearing strength
according to the changes of tube diameter and thickness or the rafter spacing of greenhouses circular pipe. MIDAS
GEN program was used in the analysis. As a result, with the snow load increase of 30%, greenhouse in Gyongju
was still safe, but in Sokcho was at a risk, and in Gangneung was possible to be collapsed even in the current snow
load. Increased pipe diameter than increased pipe thickness was more efficient in terms of improved performance of
greenhouse structure. Accordingly, it is suggested to revise standards of greenhouse to increase pipe diameter of rafter

for minimizing damages by heavy snow.
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[Table 1] Standard Greenhouse (Single Arch Style) [2]
) Cross-Stick Standard
Name V\(fldsh H?lg)ht ( Rai;texr S(tand)ar((ti? ®(mm) * t(mm)
m, m, O(mm, tmm) @cm Is D FQTAS (08
07-Single-Arch Style-3 70 33 @318 x 1.7t @60 9 pieces (P254 x 1.5t)
07-Single-Arch Style-18 70 28 @318 x 1.7t @30 9 pieces (0254 x 1.5t)
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[Table 2] Standard Ground Snow Load Sy 3]

Area Ground Snow
¢ Load (KN/m)
Seoul, Suwon, Chuncheon, Seosan, Cheongju,
Daejeon, Chupungryeong, Pohang, Gunsan,
Daegu, Jeonju, Ulsan, Gwangju, Busan, 05
Tongyeong, Mokpo, Yeosu, Cheju, Seogwipo,
Jinju, Icheon
Jeongeup, Uljin 065
Incheon 08
Sokcho 2.0
(Gangneung 30
Ulleungdo, Daegwallyeong 7.0

[Table 3] Roof Slant Coefficient (C) [3],[4]

0~15° 15~30° 30~45° 45~70° 70~90°
1 0.85 0.55 0.2 0
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[Table 4] Snow Load Application (N/m)

Gyeongju Sokcho Gangneung

0.5kN/m’ 2.0kN/m’ 3.0kN/m’
0~15° 200 670 1000
15~30° 170 570 860
30~45° 110 370 550
45~70° 40 130 200
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[Table 5] Snow Load Increase (N/m’)

Gyeongju Sokcho Gangneung
Increase
0.5kN/m’ 2.0kN/mf 30kN/m'
0~15° 220 740 1110
10 15~30° 190 630 940
% 30~45° 120 410 610
45~70° 40 150 220
0~15° 240 810 1210
20 15~30° 210 690 1030
% 30~45° 130 440 670
45~170° 50 160 240
0~15° 260 870 1310
30 15~30° 220 740 1110
% 30~45° 140 480 720
45~70° 50 170 260
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[Fig. 3] Axial Force, Bending Moment (Gyeongiju)
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[Fig. 4] Axial Force, Bending Moment, Combined
Stress Ratio (Gyeongju)
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[Fig. 7] Axial Force, Bending Moment (Gangneung)
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Stress Ratio (Gangneung)

oV Al Al Wdake] i nANA A5

3 A
Ahe] 7)ERh 309744 Z7haTi, AFe) WAl

Zo|
a3 vjdsheae ol gRd f glo) £x9
A9 Agagle]l B e, 45 Aee g%
A7ste] 7)Ee] Qs el E B9 7ol
YRt Ao i) gk ujd sk Fx29] sl Alash
Aoz ke

4, HISIRA SX2| 7HM

r_lq_:
)
>
o
s
fd
32
rir
I
uc
_O|L
o
[
1o
N
e
ofl
fu)
il
>

ol
fint3)
o
jat
I,
e
o

off 4o Ho

=
i
rio,
ot rlr
X
o
I
[o o
BN

14
o

o

2 g o
>

= >
HLOI{J oL

ofN
ﬁ“;
o N f
A
L
\01
rlo
rlr ) r
OB
ol
2
N,
=
rir )
o M
_O|L
X
I

oiek. WA e gere Tz 9
$22 AAuge) D
A7l 12 oA Aelsack
NS 2xe) A5g A, @
Aol e ARl F71E Hasa
28 AL A5t Artee) 3
{:N% %oé zl: 9}1\5 H]—O]—O 614;1] 74&3]_
229 1AL Ao] 6m=E A gk
o 9] 329 &4 dlo|ejol A )
o] v &2 A 07-T % 1863—%
A48k 7159 3.0kN/m'S
T29 A2 ok Al 71 €]

B
=0
SN
_O|L
&+
=
o

£ rlo
=
uj
rir
L
=2
>
e

[e5
.
o\
N
il

K
&Y
4,

L.‘O/]
A

Azl
o, ug

lo ‘1? #
¥ °
fr

g

}ﬂﬂl
.—r’mlr»

i

td
o oft
o

S

PN
Mo

o,

O

o 2 olo
_O|L
Kl

l'_l

N

=
o2 FY3lle

Of
O

FN J
r_\.L

2246



A dsts S7tell g Bl dstes

], M7tel 3443} Akl ke sl M sk Table 63
2t
(D A G5 18% vdsh4-2 7I% « 9 Fo]
74 @318 x 1.7t, A7kl 2 S0cm
(2) dit A A7t A 2 kA ST A
T2 @31.8 x 2.7t, A7kl 2 60cm
(3) ulet B. A7he) B4 & 714 27} 93 o)

A o422 x 1.7, A7) 7H4 60cm

(el

sfo]

[kl

[Table 6] Load as Rafter Distance Change (N)

Rafter Load by Roof slope
distance 0~15° 15~30° 30~45° AH~T70°
S0cm 1000 860 550 200
60cm 1210 1030 670 240
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[Fig. 9] Transformation of Frame (1)

[Fig. 11] Transformation of Frame (3)

[Table 7] Analysis Result

Total Axial Bending
Frame Weight Force Moment
(kg) (N) (N"m)
(1) 31.8 x -
17t @50 162.35 27,1530 326.102
(2) ¥31.8 x -
271 @60 21092 41,054 484.959
(3) @422 _
17t @60 184.90 40,396.6 590.098
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