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A Study on the Development of Stress Tolerant Structural Systems in the

Frame of Built-up Greenhouses
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Abstract

The collapsing accidents of greenhouse frames have been increased yearly due to strong wind and heavy snow, but as it
was, there were few studies about the structural safety of greenhouses. Therefore, this study was carried out to develop the
stress tolerant structural frame systems in built-up greenhouses. The vertical loading experiment of developed scale models
were implemented and the developed types of models were simulated by 3-D analysis program in this study. These types of
models, which are existing type and honeycomb type, in arch and standard style frames were classified. As a result of this
study, it was verified that the honeycomb type model of arch style frame is better than the existing type model of it in
stress resistance against snow load and wind load.
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(a) Arch Style Greenhouses
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Figure 1. Developed Models of Greenhouses
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Figure 2. Loading on Model
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Figure 3. Greenhouse Models for Loading Experiment
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Figure. 4. Vertical Loading Experiment of Developed Scale
Models
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Figure 5. Failure of Developed Scale Models
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Table 2. Vertical Deflection in Loading Experiment of
Developed Scale Models Unit(mm)

Times | Acwmuaed | Apx | AH | AH-3
1 30 05 00 00
2 60 20 20 05
3 90 50 40 30
4 120 75 50 40
5 150 Failure 6.5 5.0
6 185 - 80 70
7 220 - 100 | Failure
8 255 - Failure -
mMuif(igD - 120 220 185

Note) AEx : Existing Type of Arch Style
AH-1, AH-2, AH-3 : Honeycomb Type of Arch Style (Tilt
Angle 60°, 67°, 75°)
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Figure 6. Direction of Wind Load for Design in Greenhouse

Table 3. Calculated Wind Load for Structural Design

No. Pr(N/m2) Design Factor
@ 411.3
V,=25m/sec
) 454
2/=270.6N/m’
® 418 V=20.81m/sec
@ 503.9 G~19
®) 173.0 Cpe=0.12/-0.98/-0.5
Cpi=0 or 0.4
® 189.3 preer
Gi=1.3
@ 308.5
Note) Pr : Wind Load for Structural Design(N/m2)

Vo : Basic Velocity of wind for Design (m/sec)
Vh : Design Velocity of wind at Average Height(m/sec)

Table 4. Design Criteria of Greenhouse Models(mm)

.. AH-1/ | AH-2/ | AH-3/
Devision AEx SH-1 SH-2 SH-3
Width 6,000 6,000 6,000 6,000
Length 20,000 20,000 20,000 20,000
Height 3,000 3,000 3,000 3,000
Side Height
1,570 1,570 1,570 1,570
(Standard Style)
Tilt Angle (Span) 500 60° 67.5° 75°
Total Weight
3830 3608 4212 4925
(Arch Style)
Total Weight
4005 3870 4270 5659
(Standard Style)

Note) SH-1, SH-2, SH-3 : Honeycomb Type o Standard Style (Tilt
Angle 60°, 67.5°, 75°)
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Table 5. Maximum Deflections of Model Types(mm)

Models oz oz O« Sy
AH-1| 43 | 1179 | 3536 | 17
aren | AH2| 36 | s34 | 29 | 19
Sle s | 29 | 600 | 2m5 | 27
AEx | 32 | 5 | 433 | 626
SH-1 | 141 | 5498 | 4289 | 23
Standard | SH2 | 116 | 2149 | 3194 | 27
Style
SH-3 | 105 | 1995 | 2393 | 42
SEx | 94 | 2207 | 535 | 447

Note)(szl © Maximum Vertical Deflection by Dead Load(mm)
(522 : Maximum Vertical Deflection by Snow Load(mm)

]

© Maximum Horizontal Displacement by Wind Load in the

Direction of Width(mm)

xT

§, : Maximum Horizontal Displacement by Wind Load in the

Direction of Length(mm)
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Figure 7. Comparison of Vertical Deflections by Dead Load
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Figure 8. Comparison of Vertical Deflections by Snow Load
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Figure 12. Maximum Displacement of Standard Style Models
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(c) Displacement by Wind Load(AH-1, AH-3)

Figure 13. Deformed Shapes according to Types of Greenhouse

Models
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