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Design of Optimum Section for Structural Members of Wide Span-Type
and 2-Bay Venlo-Type Glass Green Houses
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Abstract. This study investigates the structural safety of typical greenhouse to be utilized for developing
plant factory. New long-span greenhouse systems were presented according to the results of structural anal-
yses performed by finite-element program, ABAQUS. Reasonable values of design loads such as wind and
snow loads in the Greenhouse Design Specifications (1995) were applied to check the new greenhouse sys-
tems. It was concluded that the new greenhouse systems were consistently safe enough to resist to both wind
load and snow load. The new greenhouse system can be used to make simple and economic plant factory.
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Table 1. Korea greenhouse standard,

Greenhouse Structure Standard
type system module (m)
Wide span- Lightweight i 9x4
type steel structure 2 128 x4
Lightweight 1 6.4 x4
Venlo-type steel structure 2 9.6 %4
Energy reduction-  Lightweight ) 15%12

type steel structure
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Fig. 1. Wide span-type greenhouse (9 m x 4 m).

Fig. 2. Wide span-type greenhouse.
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Fig. 3. 3-bay venlo-type greenhouse (9.6 m x 8 m).
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Fig. 4. 2-bay venlo-type greenhouse.
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Table 2. Loading case.

Table 3. Design loading of dead laod.

Loading type Load (Pa)
Structure Steel 98 +3.92L
loading  Aluminum alloy 49 + 0.98L

Vinyl chloride
Hard plastic
Glass

13.72 per 1 mm (thickness)
14.70 per 1 mm (thickness)
24.50 per 1 mm (thickness)

Part
loading

Table 4. Design loading of equipment (unit: N/wire).

. Design loading
Equipment (Load per installing wire)
Bracing, Guide wire P=490
Pulling wire P=980
Wire for irrigation P=2450
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Loading case Condition General area Heavy snow area
Longtime loading General condition D+Dy+Ly D+Dy+Ly+S
R . Snow condition D+Dy+Ly+S D+Dy+Ly+S
Short-time load . ..
ort-ime foading Heavy wind condition D+Dy+Ly+W D+ Dy+Ly+W+0.35S
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Table 5, Design loading results,

Result
Laod Symbol Item Unit load - -
Box-section I-section
Glass (t =4 mm) 0.1 kPa
Wp 1.0 kN/m 1.5 kN/m
Dead load (D) Structure load 0.15kPa
P Gutter 0.07 kPa 0.28 kN 0.42 kN
. Wom Equipment load 0.07 kPa 0.28 kKN/m 0.42 kKN/m
Equipment load (Dy)
P, Moving load 1kN 1 kN 1.92 kN
Wide 2.7kN 4.05kN
Crop load (Ly) Ly Crop load 0.15 kPa
Venlo 3.84 kN 5.76 kN
Snow load (S) S Snow depth (=250 mm) 0.25kPa 1 kN/m 1.5 kN/m
) Wy Wall wind load 0.1 kPa 3.79 6.0 kN/m
Wind load W)
W Roof wind load 0.076 kPa 3.03 4,55 kN/m
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Fig. 5. Wide span-type’s loading condition.
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Fig. 6. Venlo-type’s loading condition.
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Table 6. Information of section.
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Column Beam, Chord
Section type . Area 4 . Area | Sx.min
Size (mm) (mm?) I (mm®) Size (mm) (mmd) (mm®)  (mm’)
Box- Widespantype 100x60x3.5 1,070 1.45x10° 50x30x3.5 511 1,60 x 10° 6,400
section  Venlo-type 100x60x3.5 1,070 1.45x10° 60 x 40 % 3.5 651 3.11x 10° 10,367
Section 1 150x 150x3.2x6 2240 1.01x107 100x100x32x45 1,190 225x10° 45000
I-section Section2  200x100x32x6 1,800 1.31x10" 100x100x32x45 1,190 225 x10° 45,000
Section3  200% 175x32x6 2,700 2.15x 107 100x100x32x45 1,180 225 x10° 45,000
Table 7. Slenderness ratio and compressive strength of column.
Wide span-type Venlo-type
Section type Slenderness Design Design Slenderness Design Design
ratio compr essive compr eSSiVC ratio compressive compressive
strength (kN)  stress (MPa) strength (kN)  stress (MPa)
Box-section 100.0 170 159 140.0 109 102
Section 1 56.6 618 276 71.5 537 240
I-section  Section 2 445 544 302 56.3 498 277
Section 3 42.5 826 306 53.8 762 282
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Fig. 7. Deformed-shape of wide span-type greenhouse.
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Fig. 8. Deformed-shape of venlo-type greenhouse.

Table 8. Elastic analysis result of box-section (wide span-
type).

Column Chord
Left Right Left Right
Maximum
stress (MPa) 916 910 511 1560 1480
Check NG NG NG NG NG
Maximum
displacement (mm) 0 376 376 752 419

-

Table 9. Elastic analysis result of I-section 1 (wide span-

type).
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Table 10. Elastic analysis result of I-section 2 (wide span-

type).

Column Chord
Left Right Left Right
Maximum
stress (MPa) 313 313 161 336 349
Check NG NG OK. OK. OK.
Maximum 579 559 619 1031 64.5

displacement (mm)

Table 11. Elastic analysis result of I-section 3 (wide span-

type).

Column Chord
Beam
Left Right Left Right
Maximum
stress (MPa) 204 207 124 306 345
Check OK. OK. 0OK. OK. OK.
Maximum 403 413 433 839 455

displacement (nim)
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Table 12. Elastic analysis result of box-section (venlo-type).

Column Chord Column B Chord
eam
Left Right Left Right Left Right Left Right
Maximum " Maximum
stress (MPa) 291 291 182 334 352 stress (MPa) 849 850 537 566 1070
Check N.G NG OK. OK NG Check NG NG NG NG NG
Maximum Maximum
displacement (mm) 69.7 707 720 1157 7715 displacement (mm) 356.5 356.5 4154 432.8 431.0
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Table 13. Elastic analysis result of I-section 1 (venlo-type).

Column Chord
Beam
Left Right Left Right
Maximum
stress (MPa) 281 280 315 192 374
Check NG NG OK. OK. NG
Maximum g0 | 95 930 929 780

displacement (mm)

Table 14. Elastic analysis result of I-section 2 (venlo-type).

Column Chord
eam
Left Right Left Right
Maximum
stress(MPa) 20> 00 308 179 37
Check N.G NG OK. OK NG
Maximum
displacement (mm) 64.6 647 808 797 645

Table 15. Elastic analysis result of I-section 3 (venlo-type).

Column Chord
———— Beam
Left Right Left Right
Maximum
stress (MPa) 189 195 295 176 350
Check 0OK. OK. OK. OK. OK.
Maximum
displacement (mm) 457 457 648 634 457
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