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Abstract. The purpose of this study was to investigate greenhouse maintenance by farms by looking into green-
houses across the nation for greenhouse specification, disaster-resistance greenhouse construction, types and degree
of damage due to natural disasters, pre-inspection in case of typhoon or heavy snow forecast, and fire-fighting facili-
ties to prevent a fire. The findings were summarized as follows: as for greenhouse specification, the highest propor-
tion of them were 90 m or longer both in single- and multi-span greenhouses in terms of length; 8 m or wider and
7.0~7.9 m in single- and multi-span greenhouses, respectively, in terms of width; 1.5~1.9 m and 2.0~2.9 m in single-
and multi-span greenhouses, respectively, in terms of height; and 3.0~3.9 m and 6 m in single- and multi-span green-
houses, respectively, in terms of diameter. As for disaster-resistance greenhouses, farmers were reluctant to install
such greenhouses. The low distribution of disaster-resistance greenhouses was attributed to the greenhouses built
dependent on the old practice, the greenhouses already completed, and relatively high construction costs. As for dam-
age by natural disasters, greenhouses were subject to more damage by typhoons than heavy snow. They mainly
inspected the ceiling and side windows, entrances, and fixation bands for covering materials in case of typhoon fore-
cast and the heating devices in case of heavy snow forecast. As for repair methods for greenhouse pipe corrosion,
they preferred partial replacement to painting and did not use stiffeners for structures to prevent a natural disaster in
most cases. As for the maintenance of greenhouse covering materials, most farmers inspected their sealing property
but did not clean the coverings for light transmission. The destruction of structural materials can be prevented by
eliminating greenhouse covering materials during a typhoon, but they were not able to do so because of the covering
material replacement costs and the crops they were growing. The study also examined whether greenhouse farms had
fire-fighting facilities to prevent a fire and found that they lacked the perception of greenhouse fire prevention to a
great degree.

Additional key words: covering materials, endurance period, natural disaster, pipe corrosion, structure
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Table 1. Detailed survey components of the questionnaire.

Classifications Subsection
General Single and multi-span, Greenhouse length,
information width, eave hight, roof hight

Environment con-
trol of greenhouse

Foundation of

greenhouse
Greenhouse for disaster prevention, kinds
of facilities damage by natural disasters,
damage of natural disasters, pre-checks for
Greenhouse typhoon and snow forecast, structural rein-

forcement, connecting members check,
methods of corrosion prevention, endur-
ance period, deformation sealing, replace-
ment interval, cleaning, covering removal,
fire-fighting equipment.

structure and others

Ry

® Farmhouse
Meters
0 65,000 130,000 260,000

Fig. 1. Locations of surveyed greenhouses
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Table 2. Length of greenhouse.

. . Single-span  Multi-span Total
Classifications (%) (%) (%)
2 3 5
<50
2.8) (3.9) (3.4)
3 13 16
20-69 “2) 7.1y (10.8)
Length (m ’ ) '
gth (m) 12 23 35
70~89
(16.7) (30.3) (23.6)
55 37 92
>90
(76.4) 48.7) (62.2)
72 76 148
Total
(100.0) (100.0) (100.0)
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Table 3. Width of greenhouse.

Classifications Single-span  Multi-span Total

(%) (%) (%)
12 3 15
<6.

(16.7) (.9) (10.1)

9 8 17
6.0-69 12.5) (10.5) (11.5)

Width (m) (12 ) '

14 45 59

7.0~7.9

(19.4) (59.2) (39.9)

37 20 57
(51.4) (26.3) (38.5)

7 76 148

Total

(100.0)  (100.0)  (100.0)

Table 4. Eave hight of greenhouse.

WERTH 31 1.5m m|Rke] 7P =2 HlE-S AA|513
om, somelde FEY 9 FUls 249 Hgoldh
AFLAL 15m "Th 2.0~2.9m, 3.0~3.9m, 4.0~4.9m,
5.0meld E 7IEt Z42E 1.3%, 34.2%, 17.1%, 25.0%,
19.7% % 2.6%% YERdth 231 2.0~29m7} 7 =&
HE-S ARSI, 3171 5.0m o3l 24T 19.7%
U A8, o] AL 52318 0lA et Ass) &
Aol Hg¥ FrllA ZEAm) 2 SE2ES 3|
S} 2 248 HAgsh] wiEes gt 18
E AP A9 T 9 deHe) Ay, 77

40~49m 2 1.5~1.9me] =11 242 Q= A=
Wt Tgk 2AMEY VElR BERE A 24 Eot
3 e A9 5

= = o
AjHoE Fol ZnE L
[e]

71l E4e A-R 9otk g 2 A5 o)
gk Fal(Table 5 =) 79, 3.0~39m ¥ 4.0~4.9m

f

ool 247t 41.7% B 263%% 7P =2 HIES 2HA
Sttt Egh AE249] Aeole emoldE 26.3%4
A8l AoRE ERTH

Table 6 FHFLHAEN S} FEZE (MIFAFF &
RDA, 2010)0l4 AAASNE ods)7] flaiA] “doAE=t
AV WAl S 74 AAE - AAE AR AR WA
33 14 20| drpt AFEHI U=EAE goly]
A3l AR AE JERd Aot

Table 614 & 4 =] WAENE 242 TF
Axealel il 2t 16.7% 2 21.1%5F AlF = o]

fl

3% e

Table 5. Roof hight of greenhouse.

Single-span Multi-span Total

Single-span  Multi-span Total

Classifications %) %) %) Classifications %) %) %)
31 1 32 17 3 20
<1. <2.5
(43.1) (1.3) (21.6) (23.6) 3.9 (13.5)
26 0 26 17 2 19
1.5~1.9 2.5~2.9
(36.1) (0.0) (17.6) (23.6) (2.6) (12.8)
9 26 35 30 6 36
2.0~2.9 3.0~3.9
(12.5) (34.2) (23.6) (41.7) (7.9 (24.3)
i 2 13 15 i 3 20 23
Eave hight 3.0-3.9 Roof hight 4.0-49
(m) (2.8) (17.1) (10.1) (m) (42) (26.3) (15.5)
0 19 19 3 18 21
4.0~4.9 5.0~5.9
0.0 (25.0) (12.8) 4.2) (23.7) (14.2)
2 15 17 0 20 20
>5.0 >6.0
2.8) (19.7) (11.5) (0.0) (26.3) (13.5)
2 2 4 2 7 9
Others Others
2.8) (2.6) 2.7 (2.8) 9.2) 6.1)
72 76 148 72 76 148
Total Total
(100.0) (100.0) (100.0) (100.0) (100.0) (100.0)
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Table 6. Greenhouse for disaster prevention or not.

Classifications

Single-span

Total
(%)

28

(18.9)

120

(81.1)

Yes
Disaster
prevention
No
Total

(100.0)

148

(100.0)

Table 7. Kinds of facilities damage by natural disasters.

Classifications

Single-span  Multi-span

Total

(%)

(1) Typhoon

(2) Snow
Natural
disasters

(D+2)

Others

66

(44.6)

9
6.1)
12
8.1)
61

41.2)

Total

148

(100.0)

Table 8. Degree of facilities damage by natural disasters.

Classifications

Single-span Multi-span

Total
(%)

(1) Partial dam-
age of covering
materials

(2) Partial dam-
age of structural

materials
Damage of

natural

disasters (3) Full damage

M+

Others

41
7.7)
13
(8.8)
8
(5.4)
23
(15.5)
63
(42.6)

Total

148

(100.0)
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Table 9. Pre-checks for typhoon forecast.

Table 10. Pre-checks for snow forecast.

Single- Multi-

Classifications span  span Tf,)/tal
) Y
3 0 3
(1) Covering materials
42) (.00 (2.0
(2) Side and top 12 34 46
wall window, Door (16.7) (44.7) (LI}t
(3) Fixed band of covering 9 6 11
materials 6.9 (1.9 (7.4)
1 2 3
(4) Ventilation fan
14 @26 (2.0
D+ @2 . i 8
b+ “42) (6.6 (54
H+@3 ! ! 2
Check @ 14 (13) (14
poins 32 17 49
(typhoon) @+0)
(44.4) (224) (33.1)
2)+ (4 ! 2 3
@+ 14 @6 (2.0
3+ 4 2 0 2
@*+® 28 (.00 14
H+2)+(@3 ’ ! 1
W@+ 12.5) (53 (8.8)
2)+(3)+ (4 2 ! .
@+@+® 28 (13 (2.0
1 4 5
Others
14  (G3) GH
72 76 148
Total

(100.0) (100.0) (100.0)
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Single-span Multi-span ~ Total

Classifications (%) (%) (%)
(1) Structural 2 0 2
materials 2.8) (0.0) 1.4)
21
(2) Heat N "
(29.2) (73.7) (52.0)
1 4
(3) Buttress poles 42) (13) 27
1 1 1
(4) Water curtain : °
Check (20.8) (1.3) (10.8)
points | 0 1
(snow)
)+ @ (1.4) (0.0) 0.7)
0 2
@+0)
(2.8) (0.0) (1.4)
0 1
@+@®
(1.4) (0.0) 0.7)
27 18 45
Others
(37.5) (23.7) (30.4)
Total 72 76 148
o (100.0)  (100.0)  (100.0)

Table 11. Structural reinforcement installation for natural disas-
ters.

Classifications Single-span Multi-span  Total

%) %) (%)
7 12
Installed
Structural (6.9) 9.2) 8.1)
reinforcement 67 69 136
None
(93.1) (90.8) 91.9)
72 76 148
Total
(100.0) (100.0) (100.0)
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Table 12. Connecting members check of greenhouse pipes.

HaH -

o - 83

Table 14. Endurance period of greenhouse main pipes.

Classifications Single-span Multi-span  Total

Classifications Single-span  Multi-span Total

(%) (%) (%) (%) (%) (%)
19 15 34 10 7 7 14
<
Connecting (26.4) 19.7) (23.0) ©.7) 9.2) ©9.5)
members check 53 61 114 22 17 39
Do not 10~19
(73.6) (80.3) (77.0) (30.6) (22.4) (26.4)
72 76 148 Endurance 27 22 49
Total period 20~29
(100.0)  (100.0)  (100.0) (years) (37.5) (28.9) (33.1)
11 20 31
Talt:le 13. Methods of corrosion prevention on greenhouse mem- 30~39 (15.3) (26.3) (20.9)
ers.
5 10 15
. . Single-span  Multi-span  Total 240
Classifications (%) (%) (%) 6.9) (132) (10.1)
0 3 3 72 76 148
- Total
1) Paintin
M g 0.0) 69 @0 (100.0)  (100.0)  (100.0)
(2) Replace 37 23 60
Methods corroded part  (51.4) (30.3)  (40.5) S =Y F 9dE uA A e e 34 ARs 3
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2RI, L o= 2AoA 2 Al Al ARSel
EHS = AEZ o] IdAY g3 =27 o)
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Table 15. Deformation on greenhouse.

Table 16. Pre-checks for sealing performance of greenhouse cov-
ering materials.

Single- 11t span  Total
Classifications span o o . . Single-span  Multi-span Total
%) (%) (%) Classifications %) (%) (%)
10 13 28 41 55 56 111
<
(18.1) (36.8) (27.7) Sealin (76.4) (73.7) (75.0)
12 14 26 £ 17 20 37
10~19 DO not
(16.7) (18.4) (17.6) (23.6) (26.3) (25.0)
7 6 13 72 76 148
20~29 Total
9.7 (7.9 (8.8) (100.0) (100.0) (100.0)
o 9 5 14
Deformation (%) ~ 30~39 (12.5) (6.6) 9.5) Table 17. Replacement interval of greenhouse covering materials.
Single-  Multi-
6 2 8 g
40~49 Classifications span span Fl;f;[a)ll
(8.3) (2.6) 54 (%) (%) °
250 6 3 9 37 14 51
B (8.3) 3.9 (6.1) (51.4) (184) (34.5
Others 19 18 37 23 33 56
(26.4) (23.7) (25.0) (319 (@434 (378
Total 72 76 148 21 28
ota Replacement interval (years) 6~9
(100.0)  (100.0)  (100.0) P Grears) ©7 @76 (189
10~19 ’ ’
T3.7%2A) oF 70% ool sIA Al TEA) 7) GO 69 @)
e Fshe o Ushdth 7194 Adste 57t s
= 20X AAS A FAR ERlske AeE 14 (66 &1
ettt 22y A3 A S w7 4 23.6%, 72 76 148

263%= YERATE mEbA] iR sTtelxe e
< AAska Jom, HHsA fv e 84S
7R ESiA sA e AeE YeRth aEa w7t
So| AZslE IEA 9] W-8A9(Table 17 FX2)S T
2 Azl tis] 2kt 3wk 51.4%, 3~51°]
43.4%2 7Y =2 HES AR Geann A
2o wAIHEo] v 71 AL Ao = A
3 wAShs HE =sEo] o Bo] B8 F it} w
A WAL x5S s 8 s7helA
< 9 WEdg7t 1 EE5S Ass] i ez
e =g 249 g, BlARA] Fo=2 ]let
sEAe] FFEHE] AstEnt. wEA sUFEC] F
FHES Fol7] siA TEAd 2Rl Ux] 55 F
A=A A LdolR gt (Table 18 FE). &5
9 AT FrblA ZEA ZE ) wA T oo
e HaE A e HE A 958% B
82.9%°2 wiRE kA ¥v Zo=E YEidt. 1
o= AIZHARl oAf7t §la, HAE shal Aolw®
vhggl 4Rzt glolx Eshe AR Yeith

Z Ao DEAE AA A FERA2 Fds o=
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Total
(100.0) (100.0) (100.0)

Table 18. Cleaning of greenhouse covering materials.

Classifications Single-span  Multi-span Total

(%) (%) (%)

3 13 16
4.2) (17.1) (10.8)

Cleaning
69 63 132
Do not

(95.8) (82.9) (89.2)

72 76 148

Total

(100.0) (100.0) (100.0)

ZAMEIE UERH Zo] Table 190t} L Ay} 35|
E AAN 4] v e G 2 e o
3l ZHzE 20.8% E 10.5%E A Hu tHeealo)
Ahzo g Elth o]AL FrlEo] AFese] tEe
A B ZpAAE ] sl o Pdsitkar AZbeh] Wi
o2 yEnh. 183 AEAE AAN 2 Aol e

e e 5 ek, wep SEAe] AA oiFe] e
2
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Table 19. Greenhouse covering removal when the typhoon.

. . Single-span  Multi-span Total
Classifications %) (%) (%)
15 8 23
Covering (20.8) (10.5) (15.5)
removal 57 68 125
(79.2) (89.5) (84.5)
72 76 148
Total
(100.0) (100.0) (100.0)

Table 20. Reasons for not removing of greenhouse covering
materials.

. . Single-span Multi-span  Total
Classifications (%) (%) (%)
(1) Crops of 31 25 56
cultivation (43.1) (32.9) (37.8)
(2) Cost of covering 23 18 41
material replacements (31.9) (23.7) (27.7)
(3) Miss 3 3 6
remove time 4.2) 3.9) 4.1
Reasons
M+ 1 >
9.7) (21.1) (15.5)
@+0) ’ ’
+
(0.0) 2.6) 1.4)
8 12 20
Others
(11.1) (15.8) (13.5)
72 76 148
Total
(100.0) (100.0)  (100.0)
S7PF 22F 19.2% 2 89.5%F AAEIAC o)ZE b

o] w7klA AEAY wAEgoleg =Tt A Al
i ASolle AA st Aolx &%iig— A Al
AsA| @ Fo= Yehdth FEgF 2 FTlelA = A
7%6‘ AHE FXAY At A71E & glolA AlA
£ 3] ke A= AUt webx 7Rt AR 5
o] IR FHold 17, AA A T5 A=
5 WSS AU FARA ?JJHA g 9] S5
HRoRS: ZJsteiol & Ao g TR Table 202 EiE
Al JEAE AA 1A &= oliE HER Aolth
Table 21-& E71oA] AJAEE 3R] S afir] &
AHIE FHISAL A=Al thet ZAFAT ol %
AFLMoM 42t 19.4% L 47.4%5F 2oHF RS
Hlglal = A= veRY sl tigh ?14]o] ©o]
=3 S ¢ F Y de2AY He, WIE 9

A ARgShs &0l @ 7Pkl 171 Wil tiiEe

OPF % g of
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Table 21. Equipped with fire-fighting equipment for fire preven-
tion.

. . Single-span  Multi-span Total
Classifications %) (%) (%)
14 36 50
. Yes
Fire- (19.4) 47.4) (33.8)
fighting
equipment No 58 40 98
(80.6) (52.6) (66.2)
72 76 148
Total
(100.0) (100.0) (100.0)
e 2 NS Tl ge R e,
deeAe Be= B Y &3P FHls £ e

o] T ot FUTE ASPE 24 Aol W] g
o] Alem, F7I1HQ S A fv= Ao=E YERk
o "5 (NGMA, 2014) 59 o7 &4 7]Fel= i}XH
of thek W3t el FHE ] YA, o] 7
FOIEZZTFANA 2gE “ea A9 %%C&%iﬂ
AEAT) A7 R sk el oS
A7) o] S ¥ et 7)FEo] SIHRDC, 1995). o
A SRR HA 4o] uigslEy Fdst Ha
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< stk AR gk et 71E vk ol
ha3 Zo=z FArkE)

kO
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o7 A, AdAE oY 2 FaEs, &d 7=
A, &4 JJEZH Tl B3 %—s_‘ﬂ% i/\k‘s}@l =g 2
Aalgity. 2 AnE qokshd

Zel B¢, dole &5 % o
7Fg Btk Fe SEFIR iry
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