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A Field Survey on the Structures and Maintenance Status
of Pipe Framed Greenhouses
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Abstract

An investigation was conducted to get the basic data for establishing maintenance
sirategy of pipe framed greenhouses. The contents of the investigation consisted of actual
state of structures, maintenance status, meteorological disaster, and corrosion characteristics
of pipe framework in greenhouses. The number of greenhouses investigated was 108 in
total. Most multi-span greenhouses had narrower width and lower height than the
standard 1-2W greenhouse, and most of single-span greenhouses were tunne! type. In
multi-span greenhouses, the size and interval of frameworks such as rafter, purline,
column, and cross beam were mostly suitable, but frameworks of single-span greenhouses
were mostly insufficient. After about 7 years in grounds, 8 years in joints, 10 years in
bending parts, and 13 years in columns, pipe surface was mostly rusted. Most weak parts
in corrosion were pipes in contact with the ground, joints, roll-up shaft pipes, and pipes
close to the gutter. Almost all of the greenhouse farmers didn't pay any attention to
maintenance affair in a regular interval for pipe framed greenhouses. Many greenhouses
have experienced the meteorological disaster such as uplift of foundation, partial or
complete failure by the typhoon and/or high winds.
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Table 1. Type and location of greenhouses
(unit : farms(%))

Span Location
- - Total
type . |Paddy field| Dry field
Single 8(38.1) | 13(61.9) | 21(100)
Inland -
area Multiple 7(46.7) 8(53.3) | 15(100)
Total 15(417) | 21(58.3) | 36(100)
. Single 6(31.6) | 13(68.4) | 19(100)
Seaside -
Multiple 9(52.9) 8(47.1) | 17(100)
area
Total 15(41.7) | 21(58.3) | 36(100)
Plain Single 20(87.0) 3(13.0) | 23(100)
Muitiple 7(53.8) 6(46.2) | 13(100)
area
Total 27(75.0) 9(25.0) | 36(100)
Single 34(54.0) | 29(46.0) | 63(100)
Total { Multiple [ 23(51.1) | 22(48.9) | 45(100)
Total 57(52.8) | 51(47.2) {108(100)
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Table 2. Average dimensions of pipe framed green-

houses
Span Roof | Eave | Rafters
width Le(‘,nmg)th height | height | interval
(m) (m) | (m} | (m)
Single 68 73 29 15 0.76
Inland )
Multiple | 65 85 40 22 0.64
area
Total 6.7 78 33 18 071
Single 6.2 63 26 14 072
Seasid
9 Mutiple | 67 | 73 | 51 | 32 | 058
area
Total 6.4 68 38 22 0.65
Single 6.6 78 24 13 0.74
Plain

Multiple | 6.2 67 28 18 | 068
Total | 64 74 25 15 ) 072
Single { 65 71 26 14 | 074
Total | Multiple | 65 75 40 24 0.63
Total | 65 73 32 18 | 069

area
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Table 3. Width and length of pipe framed greenhouses

(unit : farms(%))
Span width Length
Single~span | Multi-span Total Single-span | Multi~span Total
< 6m 12(19.0} 5(11.1) 17(15.7) < 50m 6( 9.5 5(11.1) 11(10.2)
6~6.9m 32(50.8) 16(35.6) 48(44.5) | 50~69m 20(31.7) 9(20.0) 29(26.8)
7~79m 12(19.0) 24(53.3) 36(33.3) | 70~89m 19(30.2) 18(40.0) 37(34.3)
2 8m 7(11.2) 0( 0.0) 7( 6.5) = 90m 18(28.6) 13(28.9) 31(28.7)
Total 63(100) 45(100) 108(100) Total 63(100) 45(100) 108(100)
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Table 4. Roof and eave height of pipe framed greenhouses

(unit : farms(%))

Roof height Eave height
Single~span | Multi-span Total Single-span | Multi-span Total

< 25m 23(36.5) 0 0.0) 23(21.3) < 1.5m 37(s8.7) 2( 49 39(36.1)

2.5~29m 27(42.8) 9(20.0) 36(33.3) 1.5~19m 22(34.9) 10(22.2) 32(29.6)

3.0~39m 10(15.9) 13(28.9) 23(21.3) 2.0~2.4m 3( 48) 10(22.2) 13(12.0)

4.0~49m 3( 48) 9(20.0) 11(10.2) 25~29m 1{ 1.6 7(15.6) 8( 7.5)

= 50m 0( 0.0) 14(31.1) 15(139) 23.0m 0( 0.0) 16(35.6) 16(14.8)

Total 63(100) 45(100) 108(100) Total 63(100) 45(100) 108(100)
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Table 5. Pipe size and
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interval of rafters
(unit : farms(%))

Pipe size Interval

Pipe" Single-span | Multi-span Total Single-span | Multi-span Total
222, 12t 17(27.0) 0( 0.0) 17(15.7) < 60cm 23(36.5) 33(734) 56(51.9)
222, 15t 3( 48) 0( 0.0) 3( 28) 61~70cm 12(19.0) 8(17.8) 20(18.5)
254, 1.2t 2(.32) 2( 44) 4( 37) 71~80cm 13(20.6) 2( 44) 15(13.9)
254, 15t 39(61.8) 43(95.6) 82(75.9) 81~90cm 4(6.4) i( 22) 5( 46)
318, 15t 2( 32) 0( 0.0 2019 | 91~100cm 11(17.5) 1 22) 12(11.1)

Total 63(100) 45(100) 108(100) Total 63(100) 45(100) 108(100)

Y Nominal diameter(mm), thickness(mm)
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Table 6. Pipe size and interval of columns in multi
span greenhouses

Pipe size Farms(%) Interval | Farms(%)
318, 15t 5(11.1) 1.5m 2( 44)
381, 2.1t 7(15.6) 2.0m 30(66.7)
481, 2.1t 31(68.9) 24m 7(15.6)
Sq‘é:rjﬁz‘pe 2(44) | 30m 6(133)
Total 45(100) Total 45(100)

Table 7. Pipe size and interval of cross beams

Pipe size Farms(%) | Interval | Farms(%)
318, 1.5t 6(13.3) 2.0m 22(48.8)
381, 2.1t 9(20.0) 2.4m 7(15.6)
481, 2.1t 28(62.2) 3.0m 3(17.3)
Square pipe
2( 44 40 8(178
60 X60 (44) m (17.8)
Total 45(100) Total 45(100)
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Table 8. Pipe size and interval of purlines

Pipe size | Farms(%) | Interval” | Farms(%)

222, 1.2t 20(186) 3ea. 21(19.5)

222, 1.5t 5( 4.6) Sea. 38(35.2)

254, 1.2t 5( 4.6) Tea. 40(37.0)

254, 1.5t 78(72.2) Oea. 9( 83)
Total 108(100) Total 108(100)
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Table 9. Depth of rafter pipe buried in the ground
(unit : farms(%))

Single-span | Multi-span Total
< 30cm 2( 32) 1( 2.2) 3( 28
30~3%m 14(22.2) | 15(33.4) 29(26.8)
40~49cm 33(52.4) 19(42.2) 52(48.2)
50~5%cm 9(14.3) 6(13.3) 15(139)
2 60cm 5( 7.9) 4( 89 9( 83)
Total 63(100) 45(100) 108(100)
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Table 10. Duration of pipe framed greenhouses

Duration Farms(%) Constructed year
< Syr. 3(35.2) After 1995
5~9yr. 52(48.1) 1990~1994

10~14yr. 14(13.0) 1985~1989

= 15yr. 4( 3.7) Before 1985
Total 108(100)
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Table 11, Average duration by rusty grade and part
of framework
(unit : years)

About | AP0t
Part of | No rust, | A little half two |Completely
framework | discolored | rusted parts rusted
rusted
rusted

Ground 32 47 72 | 101 127
Column 54 74 | 128 | 175" 2.0"
Rater 53 71 | 128 157 2509
Bending 49 64 | 100 | 112 200"
Joint 47 54 | 79 | 106 150"

D Estimated value.

100
g Corosive condition .
3 80
3
3 oo
> 60 v
@
3 o
o 40 4
o ® Bending part
,g 0 Joint
?_; 20 8 Ground part
S A Column

© Rafter
0 . N
0 5 10 15 20 25

Duration({years)
Fig. 1. Rusty degree of framework by duration.
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Table 12. Inspection period for maintenance of green-

houses
(unit : farms(%))
Single-span| Multi-span | Total
No inspection 33(52.4) 29(64.4) | 62(57.4)
Regular inspection| 4( 6.3) 3( 6.7) 7( 6.5)
Occasionall
CoASIonaTY | 26(413) | 13(289) | 39(36.1)
inspection
Total 63(100) 45(100) | 108(100)
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Table 13. Replacement period of plastic film cover
(unit : farms(%))

Single-span | Multi-span Total
lyr, 28(44.5) 11(24.4) 39(36.1)
2yT. 22(34.9) 23(51.2) 45(41.7)
3yr. 13(20.6) 11(24.4) 24(22.2)
Total 63(100) 45(100) 108(100)
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