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Behavior of Wide-Span Greenhouse Strengthened with
Tension-Tie under Snow Load

Lee, Swoo-Heon""

! Associate Professor, Dept. of Smart Plant Engineering, Kyungpook National University, Sangju, 37224, Korea

Abstract — This study aims to evaluate the resistance of wide-span greenhouse structures, characterized by large pipe diameter
and relatively long span, against snow loads. Based on previous experimental studies that proposed strengthening methods and
conducted loading tests, structural analysis was performed using the stiffness method to predict the progressive collapse load
and verify its reliability. It was found that structural analysis needs to consider the residual strain that occurs during the curvature
forming of the greenhouse frame. In addition, the structural safety of wide-span greenhouses was assessed in accordance with
the disaster-resistance design criteria suggested by the government. The greenhouse specifications established about a decade
ago may be adequate for regions with low snowfall or light snow conditions; however, in areas that have recently experienced
frequent heavy and wet snow, a risk of structural collapse is anticipated. In contrast, recently developed greenhouse systems with
column supports have demonstrated significantly improved resistance to snow loads.

Keywords — Greenhouse, Strengthening, Tension-tie, Snow load, Stiffness matrix method, Disaster-resistance standard
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Table 1. Summary of experimental specimens
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¥
&

Seeefin Strengthening| 7,,.|d,,:s:| Size of greenhouse and loading point | £, | Inc. | 6., | Inc. Failure
materials | (N) [(mm) (mm) M™N) | (%) | (mm)| (%) mode
G8-d48-No — —| — | g0, 600 1400 1600, 1750 796.8| — |268.9| — |sway mode
G8-d48-FR-ON — =] & P 1268.2| 59.2 |198.4|-26.2
G8-d48-FR-100N 100| 2.2 Tension i 1233.1| 54.8 [227.9]-152| flexural
Flat Rope St Tt T .
G8-d48-FR-200N 203 46| = / \ 1284.5( 61.2 |213.8|-20.5| failure
G8-d48-FR-300N 297| 8.5 | T W=8,100 | 1304.1| 63.7 |242.5| -9.8
2,050 2,180 1,740 2,180 2,050 swa
G10-d48-No — —| — I} W " 6894 — |404.7| — Y
r P mode
5 3
G10-d48-FR-200N | FlatRope [202]16.7 | = rensionie\L | 1448.2|110.1]379.5| -6.2
sl [ ~ 729,500 T arch
o buckling
G10-d48-RR-200N | Round Rope |203| 18.7 | = 1160.8| 68.4 |466.2 |+15.2
| W:=10.200 ]
1,000 1,150 850,850, 1,250 .
| I U I |
G10-d48-No-E — —| = P 5378 | — |1923| — | combined
8» ¥ mechanism
G10-d48-FR-200N-E | Flat Rope [200| 18.4 | = Tensionia 647.2 | 20.4| 98.7 | -48.7 N
B Y (Rt arc
3 buckling
G10-d48-RR-200N-E | Round Rope {202| 17.8 | 5| 594.1 | 10.5|124.7|-35.2
| W=10.200 |
G8 - d48 - FR - 200N -E .
E: Application of eccentric load Note: 7, and 9, are the pre-tension and

Target pre-tension (N)

Strengthening materials - FR: Flat rope 37 mmx2 mm
RR: Round rope ¢8 mm

Section of pipe - d48: ¢48.1x2.1t mm
Span of frame - G8: 8,100 mm & G10: 10,200 mm

corresponding uplift, respectively; 7, and g
are first peak load and corresponding deflection,
respectively; 7 is the span; W is the distance
between the tops of two columns; A, is the
vertical height of column; and #, is the arch rise.
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Fig. 1. Device setup for pretension
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Fig. 2. Test results of G8-d48 group Fig. 3. Test results of G10-d48 group Fig. 4. Test results of G10-d48-E group
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*Note: L, E, I, and A are the length, modulus of elasticity, moment of

inertia, and cross-sectional area of the beam element, respectively; i and j
are the left and right ends, respectively; A4, A, V;, V;, P;, and P; are the

components of end action at both ends; and 6,, 6, 6, 3., A, and A, are the
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possible components of end displacement at both ends
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Table 2. Comparison with experimental and analysis

Test Analysis Pr..

Specimen Foeat | Geat | Foear | Gpeak P
N) | (mm) | N) | (mm) | (%)
G8-d48-No 797 269 | 1043 | 174 76
G8-d48-FR-0 1268 198 1106 168 115
G8-d48-FR-100 1233 | 228 | 1137 | 173 108
G8-d48-FR-200 1285 | 214 | 1168 | 178 110
G8-d48-FR-300 1304 | 243 | 1199 | 183 109
G10-d48-No 689 408 1234 | 456 56
G10-d48-FR-200 1448 | 380 | 1436 | 374 101
G10-d48-RR-200 | 1161 | 466 | 1071 | 289 108
G10-d48-No-E 538 192 617 213 87
G10-d48-FR-200-E | 647 99 702 169 92
G10-d48-RR-200-E | 594 125 717 180 83
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¥
s
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Table 3. Analytical results for disaster-resistant greenhouse proposed by government

Type 24 W H, 4, s Pipe size | Design snow depth Sg (kKN/m’)
PO @m | @m) | @m) | @m) | m) | (mm) (mm) I“hinge | 2" hinge
1 900 270 0.5366 0.5847
2 800 300 0.6037 0.6578
p42.2 X 2.1t
3 8,900 8,300 1,700 2,200 700 paeax 350 0.6900 0.7519
4 600 410 0.8050 0.8771
5 1,000 $48.1 < 2.1t 340 6.1450 6.9245
6 14,000 12,200 2,000 2,300 1,500 $59.9 < 2.3t 550 4.9025 6.2126

See Table 1 for symbols of greenhouse size; and s is the distance between two frames

Table 4. Ground snow load (S;) according to snow depths and types

- Density Ground snow load according to snow depth (kN/m?)

ype (kg/m’) 200 mm 300 mm 500 mm
New snow (immediately after falling in calm) 50 - 70| 010 - 014|015 - 021 | 025 — 035
Damp new snow 100 - 200} 020 - 040 | 030 - 060 | 050 — 1.00
Settled snow 200 - 300 040 - 060 | 060 - 090 | 1.00 - 1.50
Depth hoar 100 - 300 020 - 060|030 - 090 | 050 - 1.50
Wind packed snow 350 - 400 070 - 080 | 1.05 - 120 | 1.75 - 2.00
Firn 400 - 830| 0.80 — 1.66 | 1.20 — 249 | 200 - 415
Very wet snow and firn 700 - 800 | 140 - 1.60 | 210 - 240 | 350 — 4.00
Glacier ice 830 —917| 166 — 183|249 — 275 | 415 - 459
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