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Experimental Study on the Ground Support Conditions of
Pipe Ends in Single Span Pipe Greenhouse
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Abstract. Single span pipe greenhouses (pipe houses) are widely used in Korea because these simple
structures are suitable for construction by farmers thus reducing labor cost. However, these pipe houses are
very weak and frequently damaged by heavy snow and strong wind. Pipe house is constructed by pipe fab-
ricator, which is anchored to the ground by inserting each pipe end into ground to 30~40cm, so the ground
support condition of pipe end is not clear for theoretical analysis on greenhouse structure. This study was
carried out to find out the suitable ground support condition needed for structural analysis when pipe house
was designed. The snow and wind loading tests on the actual size pipe house were conducted to measure the
collapsing shape, displacement and strain. The experimental results were compared with the structural anal-
ysis results for 4 different ground support conditions of pipe ends(fixed at ground surface, hinged at ground
surface, fixed under ground and hinged under ground). The pipe house under snow load was collapsed at the
eaves as predicted, and the actual strain at the windward eave and ground support under wind load was
larger than that under snow load. The displacement was the largest at the hinged support under ground, fol-
lowed by the hinged at ground surface, the fixed under ground and then the fixed at ground surface indepen-
dent of displacement direction and experimental loading condition. The experimental results agreed most
closely with the results of theoretical analysis at the fixed condition under ground among 4 different ground
support conditions. As the results, it was recommended that the pipe end support condition of single span
pipe greenhouse was the fixed under ground for structural analysis. '
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Table 1. Physical characteristics of pipe.

Diameter Thickness Weight Section modulus  Plastic section modulus  Allowable stress
(cm) (cm) (kgf/m) (em?) {cm?) (kgflem?)
2.54 0.15 0.884 0.6357 0.8579 1,600
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Fig. 1. Shape and size of experimental greenhouse (Unit: mm).
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Model S-B

Model S-A
(a) Snow-loading test

Model W-B

Model W-A
(b) Wind-loading test
Fig. 2. Greenhouse models for loading test.
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Fig. 3. Locations for strain measurement.
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Fig. 4. Locations for displacement measurement.
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Snow-loading test

Wind-loading test

Order Model S-A Model S-B Model W-A Model W-B
i g0 250 352 352
2 40.0 50.0 703 70.3
3 80.0 75.0 87.9 105.5
4 120.0 85.0 105.5 140.7
5 128.0 90.0 1583 175.8
6 136.0 95.0 175.8 211.0
7 144.0 100.0 193.4 2462
8 160.0 105.0 211.0 2813
9 208.0 110.0 281.3 3517
10 232.0 115.0 351.7 4220
1 248.0 120.0 4220 4572
12 272.0 150.0 4572 492.4
13 296.0 175.0 597.9 5275
14 320.0 180.0 703.4 562.7
15 344.0 597.9
16 352.0 703.4
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Fig. 5. Snow load cases.

unit : kgf/m

(a) Uniform Load (b) Concentrated load

Fig. 6. Wind load cases.
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Fig. 7. Ground support conditions for structural analysis.
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Table 3. Comparison of the maximum bending moment in the snow load.

Number of concentrated load

Load cases Uniform Load > 3 7 5
The maximum bending moment 134,53 251.89 139.01 136.88 135.47 135.26
(kgf-cm) 1.0) (0.534) (0.968) (0.983) (0.993) (0.995)
Table 4. Comparison of the maximum bending moment in the wind load.

Load cases Uniform load Concentrated load cases

The maximum bending moment Eaves Ground Eaves Ground
(kgf>cm) 273.75 416.43 263.50 42235

(1.0) 1.0 {0.963) (1.014)
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Fig. 8. Deformed shape of greenhouse during loading fest.
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Table 5. Comparison of the maximum stress for analyzing ground support condition.

. Stress (kgffem?)
h;iyo};i:l Me;siu;tmg Measured Calculated value
value® Ground fixed  Ground hinged  Underground fixed  Underground hinged
S-A 2,6 3,515 2,999 4,258 3,446 4,769
S-B 1,3 3,423 2,959 4,383 3,556 4,906
W-A 2 2,189 1,717 5,079 2,894 7,596
W-A 3 2,270 2,574 4,967 3,331 6,927
W-B 1 7,100 5,475 10,332 7,055 14,412

“The measured value of A and B model with two measuring points is average value.

Table 6. Comparison of the maximum displacement for analyzing ground support condition.

Displacement (mm)

Displacement Model Measuring

direction type point Measured ' Calculated value '
value*  Ground fixed Ground hinged Underground fixed Underground hinged

Horizontal ~ S-A 1,3 126.9 87.1 174.3 131.6 253.9

S-B L3 69.9 40.8 83.5 62.2 120.3

W-A 2 36.5 18.0 125.8 54.5 3132

W-B 1 130.0 40.3 287.2 126.7 730.7
Vertical S-A 2 2111 146.9 276.3 2145 403.0

S-B 2 109.0 66.3 129.8 98.9 188.5

W-A 4 355 46.8 674 62.7 859

W-B 2 92.0 87.0 195.6 143.6 301.3

*The measured value of A and B model with two measuring points is average value.
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