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Studies on Measures against Typhoon for Horticultural Facilities in the Southwest Islands

Maro Tamaki

Summary

The gardening facility is essential for the progress of the agriculture in the southwest islands. It
contributes greatly to the stable crop production not only for the typhoon damage protection but also for the
pest management and the temperature management. In Okinawa prefecture, 42% of the gardening facilities are
steel plastic houses as a countermeasure against potential typhoon damages. The steel plastic house requires
high cost and it seems difficult to set up the facilities without subvention. In this study, the gardening facility to
resist wind with low cost has been developed by the improved technology against typhoon in the southwest
islands.

In Chapter 1, researches on the gardening facilities and windbreak facilities have been reviewed.
Moreover, the status of using the gardening facilities in Okinawa Prefecture was described in detail.

In Chapter 2, the airflow characteristics of eleven anti-insect screens used in the southwest islands were
evaluated by means of a wind tunnel. The thread diameter of anti-insect screens ranged from 0.17 to 0.29 mm,
and the porosity ranged from 0.25 to 0.68. Wind tunnel experiments indicated that the pressure loss through the
screens was a function of porosity. Specifically, the pressure loss increased when the porosity decreased, even
if the pores were approximately the same size. For instance, the pressure loss increased to 1.6 times when the
porosity decreased by 18%. It is recommended to examine the porosity, not the pore size, for the airflow
characteristics of the anti-insect screens. The pressure loss through a screen was found to be a quadratic
function of its porosity for a constant airflow velocity through the screen.

In Chapter 3, Typhoon 0314 attacked Miyako Island on September 10-11, 2003. The maximum
instantaneous wind speed of 74.1 m/s was recorded and this is the seventh record in Japan. The
damages of commercial greenhouses by the typhoon were investigated in sixteen locations. The
damages were categorized into 1) cracked the concrete foundation, 2) breaking of end plate for the
base of column, 3) breaking or looseness of the bolt which joint beam and doorjamb, and 4) broken
weld zone. These damages caused by the strong winds have not been reported in the past in Okinawa.
The collapse patterns of the greenhouses covered with only insect screens were similar to other
greenhouses, the bases on the windward gable end of which were pulled out. The Analysis showed that
the bases could be pulled out at a wind speed of 46.4 m/s or higher because of the weak resistance
against the wind forces to be pulled upward. Moreover, the analysis showed that the weld zone of
eaves of a square steel pipe plastic house was fractured by the side load caused by wind speed
of37.5m/s or higher.

In Chapter 4, many greenhouses in Okinawa islands are frequently damaged by hitting of
large-scale typhoons in these years. These damages caused by the strong wind loads have not been
reported in the past in Okinawa. In order to improve the strength and reliability of greenhouses for

Okinawa horticultural farmers, the new greenhouse that endure the load by the gusts of up to 50m/s
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was developed based on the analysis of the damage. The greenhouse allows opening and closing of the
vinyl sheet for temperature management of the inside of the greenhouse, and is designed to withstand
typhoon gusts in the closing state of the vinyl sheet. To prevent deformation of greenhouse beams, the
reinforcement method with wire rope was proposed.

In recent years, the intensity of typhoons has increased causing great damage to gardening facilities in not
only Okinawa but also the mainland of Japan. Through the truss structure to large - scale green houses were
tried to apply to wind — resistant houses, the introduction of such a structure involves very high costs. For
implementation in agriculture, it is necessary to reduce the cost of introducing such a structure. In this study, a
large size greenhouse with the truss structure at low cost using resin joints, which are light weight and
inexpensive has been developed.

In Chapter 5, performance of the uneven dual-screen windbreak (UDSW) to protect agricultural
products from the strong wind was tested when the typhoon 0310 attacked Okinawa. The test area
surrounded by the UDSW was located on a plateau near a cliff. Wind speed was measured by
ultrasonic anemometers at 6m high from the ground at the outside of the test area and 3m and 6m high
at the inside. The relations between the distance from the cliff edge and the average wind speed were
indicated a quadratic function of the distance in the range of 400m from the edge. These calculated
data by a quadratic function were compared with the measured data. The wind speed at 28m leeward
from the UDSW was reduced by 25% at a height of 6m, and that at 90m leeward was reduced by 17%.
The wind speed ratio at a height of 3m to 6m was increased with distance from the UDSW about 0.83
to0 0.92.

In this study, the multipoint observation system using wireless transmission was developed to observe the
strong wind during the typhoon raid, and the feature of the sonic anemometer was examined from the
comparison with the wind mill anemometer. It was shown that sonic anemometer is able to measure the strong
wind during the storm. This system can be used enough range more than 300m. Moreover, this system can
synchronize the data from 11 sonic anemometers by up to S0Hz sampling rate. This system can be available
even in the field where the electric power cannot be supplied. Two solar cells and two deep cycle batteries
were used for the power supply on the client side. As a result, the system can be operated continuously about 3
days.

Subject for a further study is a quantitative research to evaluate a wind resistance of the facilities covered
by net. Moreover, it is necessary to research economic efficiency such as initial construction and maintenance
costs. The research about maintenance technique for long-term used of the gardening facilities are also
important. These studies contribute greatly to the development of agricultural industry in the southwest

1slands.
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Fig. 1.1. Gardening shelves in cultivation (Above) and set down the shelves as shelters when the
typhoon raided (Below).
Fig. 1.2. Area of new greenhouse in Okinawa from 1999 to 2007 (The Ministry of Agriculture,
Forestry and Fisheries, (2009) and Okinawa Prefecture agriculture, forestry and fisheries part,
(not open to the public data)).
Fig. 1.3. Flowchart of this study.
Table 1.1 Total greenhouse area in Okinawa, Miyazaki and Kagoshima from 1999 to 2007
(The Ministry of Agriculture, Forestry and Fisheries, 2009).
Table 1.2 Greenhouse area of vegetable, flower and fruit in Okinawa from 1999 to 2007 (The Ministry
of Agriculture, Forestry and Fisheries, 2009).
2w
Fig. 2.1. Macro photography of net.
Fig. 2.2. The device for wind tunnel test.
Fig. 2.3. Relationship between pressure loss 4 P and mean velocity V.
Fig. 2.4. Relationship between pressure F; loss and Reynolds number Re.
Fig. 2.5. Relationship between pressure loss and porosity.
Table 2.1 Properties of eleven net for examination.
Table 2.2 The coefficient as a function of pressure loss and velocity for nets.
3
Fig. 3.1. Observation site.
Fig. 3.2. Overview of the observation site No.1.
Fig. 3.3. Broken girder causing collapse of the root of H beam steel plastic house.
Fig. 3.4. Overview of the observation site No.7.
Fig. 3.5. Mode of collapse of continuous base on gable end (a), Mode of collapse individual base used
for middle pillar in square steel plastic house (b).
Fig. 3.6. Overview of the observation site No.8.
Fig. 3.7. The welding joint breaking.
Fig. 3.8. Mode of collapse of base plate in pillar.
Fig. 3.9. Inclined gable end of house F (2 ream building).
Fig. 3.10. | Overview of the observation site No.9.
Fig. 3.11. | Moved gable end (Moved distance is 6m).
Fig. 3.12. | Overview of the observation site No.14.
Fig. 3.13. | Base of greenhouse with fin and plate.
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Fig. 3.14.

Mode of collapse of greenhouse covered with net.

Fig. 3.15. | Analytical model.
Fig. 3.16. | Displacement of side column with wind loading on gable end.
Fig. 3.17. | Outline of fillet welt.
Fig. 3.18. | Analitical model.
Table 3.1 | Tension force to base and maximum bending moment of column at center on gable end.
Table 3.2 | Maximum bending moment to fillet weld of each wind speed.
B4
Fig. 4.1. Outline of developed greenhouse.
Fig. 4.2. Installation of wire.
Fig. 4.3. Installation of net for film protection.
Fig. 44. Bending moment diagram (above) and axial force diagram of wire (below).
Fig. 4.5. Opening film by human powered device (a), protecting film by tightening for net and belt (b)
in developed greenhouse.
Fig. 4.6. Schematic design of the greenhouse.
Fig. 4.7. Deformation of the truss under wind pressure.
Fig. 4.8. Metal mold for a ball joint.
Fig. 4.9. The newly developed resin ball joint.
Fig. 4.10. | Juncture of lattice bars with ball joint.
Fig. 4.11. | Lording test for the basic space truss.
Fig. 4.12. | Result of loading test for basic space truss.
Fig. 4.13. | Construction technique for truss structure.
Fig. 4.14. | Accomplished greenhouse for demonstration experiments.
Table 4.1 | Various shapes of truss structures that were analyzed in this study.
Table4.2 | Comparison of an H-beam plastic house with a developed house.
55
Fig. 5.1. | Details of windbreak net.
Fig. 5.2. | Observation points referring to wind tunnel experiment for 2-piece (above) and
General type (below) wind protection net system after Hirata and Kanna®.
Fig. 5.3. | Location of observation field (Miyagi island) (above), Observation points (below).
Fig. 5.4. | Time series of wind direction (above) and mean velocity (below).
Fig. 5.5. | Power spectrum density of wind fluctuations.
Fig. 5.6. | Relation of between mean wind speed and distance from observation points to cliff.
Fig. 5.7. | Relation of between turbulence intensity level and distance from observation points to

cliff.
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Fig. 5.8. | Relation of between mean wind speed inside windbreak net and distance from
observation points to windbreak net.

Fig. 5.9. | Relation of between mean wind speed inside windbreak net and distance from
observation points to cliff.

Fig. 5.10. | Outline of sonic anemometer.

Fig. 5.11. | Client (above) and Server (below) of wind observation system.

Fig. 5.12. | Display of wind observation system for collecting situation.

Fig. 5.13. | Outline of laboratory experiment.

Fig. 5.14. | Comparison of average wind velocity for ten minutes of sonic anemometer and wind mill
(Included the duration of the rainfall).

Fig. 5.15. | Relation between voltage of battery and elapsed time.

Fig. 5.16. | Wind observation system (Client).

Fig. 5.17. | Observation field.

Fig. 5.18. | Power spectrum density of wind fluctuations.

Fig. 5.19. | Time series of average velocity of the wind.

Fig. 5.20. | Frequency distribution concerning elevation for wind direction (18:30-18:40).

Table 5.1 | Mean value for the horizontal wind direction in each observation point.

Table 5.2 | Comparison of mean wind speed between the outside and inside windbreak net.

Table 5.3 | Mean wind speed between the height 3 m and 6 m in inside windbreak net.

Table 54 | Maximum wind speed on observation points.

Table 5.5 | Mean wind speed and turbulent intensity of each observation point (18:20-19:30).

Table 5.6 | Mean elevation and standard deviation of each observation point (18:30-18:40).

viil




%lﬁ e B I R ST S 1
1.1 AFFEDTE R e « ¢« o o o o o o o o o 0 s 0 s 0 s e s e e e e e e e e 1
12 IO MR R L OB OFHAEAE « » ¢ v 0 v 0 v e e e 1
13 SIFEOMIBIRCIT DR ORFREFE  « « o 0 v v e e e e e 2
131 [EZEHGZXOEFM + » ¢ o o 0 e e e e e e e e e e e e e e e )
132 MR OFIRDL & IR S ~DRER v o oo oo e e 5
14 —é?}_bd—% Egﬁ—éﬁé;'%@mgiﬁ ....................... 6
14.1 @Kﬁﬁj @mﬁﬂr Z&jﬁ-éﬁgﬁﬁ .................... 6
142 PR OMERGIRICBE T DHIE o 0 o oo oo e 10
1.5 ABFEEOBBIERSTORERL  » ¢ ¢ o ¢ o o o o o v 0 v v v v e 00 e e 11

F2E S THH S TODMOEREE o oo m e e e e e 13
o B = 5 ] N S T 13
22 Eﬁ*ﬁ%@%ﬁ%ﬁ ........................... 13
23 FEERBIUEHHITTIE « ¢« ¢ ¢ o o o o o 0ottt h e e e e e e e e e 14
231 QRAHOAE, MMORS, FEORE - oo v v 14
232 JAJRISEBR + ¢ o o 0 0 0 s e e e e e e e e s e e e e e e e s e e e 14
o 14
241 HADJEIFELS « ¢ o ¢ o o o e vt e it e et e e e e e e e e e e e 14
242 %@@Eﬁ:ﬁ%ﬁiﬁ:@ .......................... 20
243 MOBAALEETARROBIR = v v oo e e e e 20
2 0 S 23

B3 N RORERRICST B BEBEEORERE « « o v e e e e 24
R0 B = 0 o) A T T T P 24
I ey - T 24
I == 24
322 EEHEOBIIL ¢ ¢ 0 s v e e e e et et e e e e e e e e e e e e e 24
323 GFHEMERT o ¢ o o v e e e e e e e e e e e e e e e e e e e e e 25
RIS v - S T S I I A 25

3.3.1 BUHLSL - fEEJE N N IEE R L,
UHE 7 L— 20 M -Hd N 2 - 25
332 BUAT AR MNTERSHCBIINVEUTATEE AT A e e e e e 29
333 BHAS  HBOREEZ T C, PEBURIE S U7 A pER M - - - - 29
334 BN il X v emEiPHO 7 L—AHMEE L,
SR DB HEMEHPHATHIIAMEIR LT 208NN A o o 0 o 0 o e 34

X



33.5 B4 - AEHE T X 7e EOFRBNT R T,

WEIN NS Do Tory MR iR - e e e e . 39

> = T 39
341 R FREPEHEROMATEIZOUNT  + o o o o o o o o o o o o o o o o 39
1) PRIEEBEIR] o o o o ¢ o o o o o e e e e e e e e e e e e e e e e e ... 39

Q) MM OFECL BT TR ADENITONT o v v v e e e e e 43

1) AT « « o 0 0 o o o o o m e e e e e e e e e e e e e e e 43

2) MBSV DORERFEIIDIERL 0 v v o o o o o om0 oo o 43

3) WEHMRHLBODEEET TR A « « v v v oo e e 43

342 AIPEVE D AZEBT DB A IMOBIEZN « « 0 e e 47
T T 1) S R I A 49
4w MHEMEICENI AR A MUOREEMEROBTE 0 o o0 0 0o e e e e e 53
41 1ZUDIT o ¢ o o o o o o o s 4 s s 0 s e e e e e e e e e e e e e 53
42 MHEWECENDVRERRERR OBAFE  » « « 0 0 0 e e e e e e e e e e 53
421 BESEU7/IVEEEROMEEE « ¢ o o o o o e e e e e e e e e e e e e e e 53
422 EEMICUA Y —ZFIAUIZERR 0 0 v 0 0 v e e e e e e e 54
423 TA T —DFIEITOUNT o o o o o o o o o ottt e 54
) S = R S R I 54

2) i = S R R N A I A 58
424 T ANVIEEERI R Y FORIER o v o e e e e e e i e e e e e e e e . 58
43 b7 AEEE ORI SRR OB LORREE « 0 0 0 0 v e e e e 61
43.1 BRI TIEDRIE « @ ¢ ¢ o o v o o o o e o e o v o 0 0 e o0 ... 61
432 FREFHHE o ¢ v e e e i e i i e e i e e e e e e e e e e e e e e 61
433 FERTOIRODOPTE « » o o o o o o o o e e o 0 o o 0 o o o s 0 0 000 e 61
434 KHIERLE— LU a AL FOBIGE « ¢ o o v v v oo e e e e e e e 63
435 TT AN—FEEEROBIFE « o 0 o 0 e e e e e e e e e e e e e e e 67
44 KN T ADREEDZAM « « = ¢ ¢ ¢ o o e e e e e e e e e 0 e e e e e e 67
441 BRPEEERBRITIE « o o o 0 o e e e e e e e e e e e e e e e e e e e e e 67
442 SRR TADIREE  « o o o o o v e e e e e e et e e e e e e e .. 7
45 BT IGUE « « @ o o o o o o o e o o o o i e e e e e e e e e e e e e e 71
451 JETHEERAT « ¢ ¢ @ @ o o o o v o e e e i ittt e e e e e e ... 71
452 FIABUNT ZORETITIE  « ¢« o 0 o v o e e e e e e e e e e e e 71
I 0 S R I 74
5% BUHBENC X BBIER v b ORI L ZOBTEORSE ¢ - - - - - 78
51 ITZUMDIT ¢ ¢ o o o o o o o o o s s s 0 o 4 0t b s e e e e e e e 78
52 2FEIBEEFR > FOZHENRIE = o o o o o o o e e e e e e e e e e e e 78
521 Wity SO EBIGET, SIS « oo e e e e e e e 78

X



(1) 25RIBEIEAR > FOBEEE  « o ¢ v v o v v v et e e e e 78

() BURFEBRIC LD 2 FURBHEE v bOBEIRGE  « « « o oo e e 78

3) BUHIGEIT ¢ o ¢ o o o o o o o o 0 0 0 e e 0 et e e e e e e e 80

4) L0310 DRENL ¢ ¢« o o o o o o e e e e e e e e e e e e e e e 83

5) JEE], BUEORITESTE ¢ ¢ ¢ ¢ o o o 0 o 0 o o o v v 0 v 0. 83

522 FERBITREZL ¢ v o o v e vttt it e e e e e e e e e e e e 83
(1) BhEiER S ORI, JEUROEFZ . o« o« 0 0 0 0 o o o v 00 00 0 83

(2) /NU—=RARTZ RJL o o o v e e e e e e e e e e e e e e e e e e ]5

() E»DOREEL PHEE, ELAOMS LOBIFR  » o e e e e 85

@) BEEER >y RSADEGELLIZOUNT v v v v e e e e e e e e 90

() “FHEEIZIT DEEEA RS OREEHKEIEIZONT « o 0 o e e e . 90

(6) @{@%ﬁﬁ%ﬁ D) o - R R L L - 03

(7) %ﬁﬁﬁﬁﬁﬁﬁk@@l“)b G T R R 93

523 BHER > FOSRRREEICEIT AHE DN e ¢ o o ¢ v v e v e e e e e e e 97
5.3 A BT LIC < ORISR BN S A7 AOBR + + + o o e e e e 97
531 UAVLARURBIHIS AT LDOMEE « 0 00 v e e e e e e e e e e 97
53.2 HEEVPLEUEZFOREEL  « ¢ o o 0 0 0 e e e e e e e e e e e e e e e e 08
533 UAVLABEBHIT AT L o oo v oo e e 98
534 EERTEEMAESR ¢ o 0 0 0 e e e e e e e i e e e e e e e e e e e e e 103

(1) quﬁﬂIE = [ T A RIS 103

Q) HENRBRC L DEET —F OIIRRPLOFERS  « « o 0 0000 e e e e e 103

() HEWERGE L R EGEG O o e e e e e e e e e e e e 103

@) EFAMTIST DR L B(EHE ORI+ e e e e e e e e e 106

(5) Sy T U—GEAATRERRIOR  + v e e e e e e e e e e e 106

535 SEEFERER ¢ o o 0 e e e e e i e e e e e e e e s e e e e e e e e e 106

6)) N [ = R I 106

2) g2 = T 110

536 UATVVAREBH AT AOBIFEITBIT HAEU + « + 000 v e e e e e 113
O A - S I L T R S R ST ST 118
)= N T R A T R 121
E T A T I R T R 125
S = K S T I 126

X1



B1E Fia

11 FROER

P PH a8 05 O RS A0 B BUE, Tmlatt, & SICIXEMBIORECKRE &\ 5 A F ekt &
W2 TCW5b, 207, EHOAFERILTZ I E CARLEROMEEINC &7 2 KT 2 £
Mo TE, UL, EMEERFOML, SMNEEREDOBMAEREZERE LIRS 1B
TR FERTIRS DIRRRIZ K0, AFHD D BIEE) Tl RS OHERF - Mk REE 2RI D
DOhD, TDTW, EEREZFEET -0, EMIEZE D AL EAPERTR O
PELE STV D

BRI O Y A RE EORBEIE, AFICHE UZIRREEH, JREME, RERERR ERH T D
No, L0, FEEER CIIEEWEZERE LT bewn, BlxiE, 198648 H 12 HiC
TR & SR L 72 5 8612(1986 4F- 8 A)NZ K 5¥ b 7 & Bl 3572 & BEM OB E T FEI 4,700ha,
EPEM OWEEFRNL T {5 7500 T T o 7o, £, BREMOIE )R =hask D88 e s EH 1900
T e, WEKFEEMR 7 SIS HEEN DI, BMOKEEBIR O ERERIL 8 & 3700 )7
MZDES72 Y, 2O & 972 F0 D, FE S CIImEME BN 7R 2R RS 0SB A S D
L D127 o724%, 2003 £ 9 A 10 HICE & EZmE L, HABHEEE 74.1m/s” % figk L7-H
03142003 4= 9 H)DKEECTIX, e AB#EEER 60m/s O JERF BT 25 &\t KA ESSitia% 73 %
BB, Mk BCE LARE#ER SN, 5l EOREMBHERIT 41 B ko Y, B
0314(2003 45 9 A)DABELIRE & Fe P 6 5512 1 e KB R 60ny/s % 8 2 5 KR BANE 4 SBEL ¢
W5, NEIGEBICHER 2 ELE 5 2 7258 06132006 ££ 9 7)) F K B#HEEGH T 69.9nvs, 5-H[E
K5 % e U725 R 07152007 4 9 A) D KIBHF EUEIE 63.2m/s, 15)E 1011(2010 4F 9 H )i 1 2%
PECRR IR EUE 63.8m/s A FiEk L7z, T X 9 IR IZHRWVE RO KRIEA 1, B4 ClIe
%@ﬁ@ﬂ%&%@ﬁﬁb%ﬁ@toit,ﬁ@ﬂ%&%@%ﬁmﬁﬁ@%hé¢,@%ﬁ%@%
%%E@%%Lf%fﬁx%y&%ﬁﬁtgmﬁﬁwﬁﬁﬁﬂwﬂm:owf%ﬁﬁ%%@k
, EREBEIRT D AL RENEFERNIL 52— T5C, IS, FE=hs ﬁ%@fﬁf%é

ﬁﬂ%7ﬁk@ﬁ%ﬂiﬂbfkw +43 7R ENERE & A D sk DA L 7o TN D,
ﬁnoﬁmm%f%é@ﬁkwﬁﬁaiﬁwﬂ,::@E%_%wfﬁéﬁm_%é_k%%iz
% &Y, FE R OB BRI Tk LV IRTLIZ &

AMFFE TR T D M EE LB AL 7 R = s %%Hm X%, BENEE OISR B, M
EOEMMAEPERREEDO A 5 Z LA TE UL, EENERXREME L TERNOA S
T, W7 VT 7 Lo RBBHIRIC B W CRESRO B L 70D Z EAHIRFTE D,

12 MR OB E REFEE L OE =R OF | A mHE
MBI OO B SE MR I ML & B2 0 THEPE~DBLE D D H BT S 70 X 5 sl g
MaAA T =N LIZBRE N ZANEZ Ao D, v A= —T—72 EORIEW
MU & 5T 5 BRI L ORI B IR OMERRERE At & 2 &, Wil IR o R 25 sz o Fr
PNFEA & LD (Table.1.1), BRI fiti sk & SR L = IR RSP IR L 0 £4072<, 2007 412
WCHLIREDO 12 LT TH LY, Lonl, WkE blisk O EFERERHOIE E A EMMREMEDEKL 3
ATNATATED LN TWDDIZH L, MHBEOSE T 2ADREFEIAEITEIR RO 3 {FL1E,

-1-



BRI Ui 30 (5Ll BT 5, —MRICEShEak I 3R = A R OIRI D721, figk DisE
WEPIC SN, L, IR TIE, REMESIEFICEEATH L2 b LT, ST A
MR OBRE FEEIED 2% % 6D 5, %ﬁﬁ%fﬁi%&r%%aﬁ 1%, MR 7 SRR
ReRTod D & O, RERRERIC wf%mw:kﬂhﬁkhé

PPHRIRIN ORI Sh & FE i 2 B3, (677, Mo 3 5Ep201T 5 &, &b EENZVONRE
SAFERMEEE CTh ¥, 2007 FIXFEHFEDHK) 50%% L8O D, 1999 4025 2007 H-FE TORIZ/ A T
U AT 14%0 LTV D0, BREAT ZIRIFHINTh 5, £z, B4Rl O Emiflx
1999 FLIRE, FHCORIEIME N & 72> T D, ITF, ANRAEMA TS~ I —3HEERE TO
EFENFIRETH D Z 6, AERITHIMEMICH Y, S%ITMER EmfESIENT 5 2 &#%ﬁé
ﬂé—difﬁiﬁﬁ®m§§p£ﬁﬁiﬁﬂﬂﬁx,m47ﬂﬁx®w#h%ﬁ9ﬁﬁ

TR DERNZN T BF B OB DS 2 6D, @%%W@Tﬁ%%@izm1ﬁwlmsﬁ
%ﬁ_ﬁw_%b 2007 FEITHIHEED 688 F L e ol WAERITITNW O0EZ HNDD,
T v ORI DR BT NS KRN EE R D, T VEFOFIRITE L, BUEIZE Y ED KR
IZBWTIRANOD 1%R%2 DT DIcimE 7w 9 72721, @@@TﬁEFQWﬁﬁ%waé
DI TR, RO X7 HATEIZAAR 1AL TH Y, AFERELO 7= 9121305 5 B R i
e -T g Wb} @zgkém/mmw$@b%ﬁ%%%%@%btﬁﬁmﬁmﬂﬁfﬂ%iot
72 MRS 70> O i 5% A1 2 M8 CHEE S U7 iisk 2 R U7 AR~ AT LT B e il 10
FEMTR30%IZE L E Sbh TV, t%'mm12m77x%y&74wb%wgbt @%
KL LTER Ch DT, MR mfEIE s Ty,

1.3 TEOMRBRIRICIT 5 REHEE O RHK & 3RE
1.3.1 FE=EHER DR

MG CIE, TT7AF v 7740 h (LAT, 74580 9) ITINAT, MCTHEEL iz
RSB AHESL L oo B D,

AL T V=R HBMEFER LT 7 AF v 7 2 (LUF, HESNT A EWD) X5,
B 2T, 2 < ORISR ST 5%, — Rz oAEE, A 10m & L <13 12m,
PR 2.5m, R 4.5m~5.0m Th 5, skl IMEYOEEYEE % BT 2 72 DIC2m A4 /E S 0.15mm
DEFEHARV AL T 4 VRT7 A5 (PO BT 4 VL) THES TS, HIEHIZOW TR DT
[CHIER S DEF [ > THBRE BIF 5 Z LN TE, 7 4 /L AOPNMICITHEE BFE 1mm FLE OB, i
MEELIVTN D, 7283, TR CIIAHER. Ot JEE 2 i KB EGE 60m/s I3 E LT\ 5,

A T oA T =N LT T T AF v 7 02 (LUF, ARIIE AT 20 )) 1
FlT~v o T—R EORBEIFFH STV D, — 89787 2RI, M A 8m b L <& 10m,
S 2.5m, B8 4.5m~5.0m TH D, A A > 7 L—L1E50 X 50X 2.3mm, & L < 1E75X 50X 2.3mm
WERAENTWD, 2EHEAES 0.0mm OREA=T L UFHREe =L LT, BYHr7eln)) T
%of%@,Mﬁ@74»AMﬂ%W%ﬂm,Emﬁmowfﬁﬂﬁgﬁmﬁ#oT%%Lfé:
EWXTE, 74V 2ONRNZITHE B MR 1mm F2E OB B E STV D, A ECREERHC
4wA®ME%%¢kwmwﬁk§ﬁﬁ®74wb%%%iﬁﬁ%ﬂ%f%%éhtﬁﬁ_ﬁé@
N TH D, £, MR OEHEILIT 4 Vo ZkE BiIFDZ LT, Mgk~ B E 2 (KT &
HEEZTND, 7ok, AIHIE T ZOMEEIL 40n/s TR TH 5,

-2



Table 1.1 Total greenhouse area in Okinawa, Miyazaki and Kagoshima from 1999 to 2007
(The Ministry of Agriculture, Forestry and Fisheries, 2009).

Steel pipe plastic house( X 10°m?) Standard pipe house( X 10°m?)

Okinawa Miyazaki Kagoshima Okinawa Miyazaki Kagoshima

1999 3,414 297 1,283 4874 18,228 17,617
2001 3,435 252 1,155 4,646 18,452 17,782
2003 3,008 116 993 3,847 18,805 14,300
2005 3,433 118 1,055 4,472 18,935 16,326
2007 3,362 98 1,022 4,552 18,106 14,450




Table.1.2 Greenhouse area of vegetable, flower and fruit in Okinawa from 1999 to 2007
(The Ministry of Agriculture, Forestry and Fisheries, 2009).

Steel pipe plastic house( X 10°m?) Standard pipe house( X 10°m?)

Vegetable Flower Fruit Vegetable Flower Fruit
1999 1,014 1,119 1,281 3,123 680 1,071
2001 868 1,171 1,396 2,857 671 1,118
2003 1,007 874 1,127 2,239 558 1,050
2005 1,221 871 1,341 2,645 641 1,186
2007 1,235 741 1,386 2,684 579 1,289

#The greenhouse indicates only facilities covered with the film.
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Gardening shelf of transformation type
(cultivation)

Fig. 1.1. Gardening shelves in cultivation (Above) and set down the shelves as shelters when the typhoon
raided (Below).
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Fig. 1.2. Area of new greenhouse in Okinawa from 1999 to 2007 (The Ministry of Agriculture, Forestry and
Fisheries, (2009) and Okinawa Prefecture agriculture, forestry and fisheries part, (not open to the
public data)).
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Fig. 1.3. Flowchart of this study.
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Table 2.1 Properties of eleven net for examination.

Fhrcad Fhrcad mesh size mesh size mesh size porosity thickness mesh size of
diameter —diameter (vertical) (horizontal) (mean) o Ax manufacturer Remarks
Net No. (length) (width) : -e o a < e :
(mm) (mm) (mm) (mm) (mm) (m*/m?) (mm) (mm)
Net 1 029 027 0.15 068 0.32 0.25 0.38 -
Net 2 023 023 0.39 040 0.39 0.40 033 0.4
The silver foil adds
Net 3 0.18 0.18 0.42 0.41 0.41 0.49 0.26 0.4 like the ninth shou.
Net 4 0.17 0.18 0.46 040 0.43 0.51 0.25 0.4
Net 5 023 023 0.58 0.60 0.59 0.52 0.34 0.6
Net 6 023 023 0.60 0.60 0.60 0.52 032 0.6
Net 7 0.17 0.18 0.62 063 0.62 0.61 0.24 0.6
Net 8 023 022 0.87 087 0.87 0.63 035 038 The silver foil adds
six at equal intervals.
Net 9 023 023 0.90 101 0.95 0.65 033 1.0
The silver foil adds
Net 10 023 023 1.05 101 1.03 067 033 10 irew ot equal
The silver foil adds
Net 11 023 023 1.10 1.04 1.07 0.68 033 1.0

four at equal
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Fig. 2.1. Macro photography of net.
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Fig. 2.2. The device for wind tunnel test.
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Fig. 2.3. Relationship between pressure loss 4 P and mean velocity V.
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Table 2.2 The coefficient as a function of pressure loss and velocity for nets.

net No. a b c

Net 1 2.90 5.3b -2.15
Net 2 1.37 2.99 -0. 05
Net 3 0.83 1.79 0.32
Net 4 0.68 1.52 0.14
Net b 0.69 1.11 0.16
Net 6 0.71 0.96 0. 00
Net 7 0.40 0.93 0. 05
Net 8 0.40 0.68 0. 06
Net 9 0. 36 0.49 0.10
Net 10 0.33 0.59 0. 05
Net 11 0.32 0.41 0. 20
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Fig. 2.4. Relationship between pressure F; loss and Reynolds number Re.
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Fig. 3.2. Overview of the observation site No.1.
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Fig. 3.3. Broken girder causing collapse of the roof of H beam steel plastic house.
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Fig. 3.4. Overview of the observation site No.7.
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(b)

Fig. 3.5. Mode of collapse of continuous base on gable end (a), Mode of collapse individual base used for

middle pillar in square steel plastic house (b).
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Fig. 3.6. Overview of the observation site No.8.
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Fig. 3.7. The welding joint breaking.
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Fig. 3.8. Mode of collapse of base plate in pillar.

-35-



Direction NE

Fig. 3.9. Inclined gable end of house F (2 ream building).
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Fig. 3.10. Overview of the observation site No.9.
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Fig. 3.11. Moved gable end (Moved distance is 6m).
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Fig. 3.12. Overview of the observation site No.14.
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Fig. 3.13. Base of greenhouse with fin and plate.
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Fig. 3.14. Mode of collapse of greenhouse covered with net.
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Height of ridge: 3200mm
Eaves height: 1800mm

G B e
wind direction
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Column of gable end

Column of side

Fig. 3.15. Analytical model.
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Fig. 3.16. Displacement of side column with wind loading on gable end.

- 45 -



Table 3.1 Tension force to base and maximum bending moment of column at center on gable end.

Maximum bend moment

. Tension force to
Wind speed of column at center on !

gable end base
m/s kN+*m kN
20 0.09 0.21
30 0.19 0.60
40 0.35 1.15
50 0.52 1.78

- 46 -



SRIOPED L HIZ, FEBENTERTTIHIT IR TIE, Effiad e < & R RIRFUREEEY O
SIRE NBETCTEZ ENEBEZDIND, EEEIIMOKBRREL X, HOFRZHNVIZL-T
FEEDERE L7V, F TS OETAC X - T EEREE SR U2\ SRS [H & IRPTH O FRA
O L AL, —fRENTITT IR E WE & A OBMRIIR &R £ 2 REF R E I 2 N5,
LanL, Kitkd7e ECIRERDIE S IEHU 25721410, TN EMICIRT T 256 6% < Abi
Do ZOLIREGAITIE, KRBFIREBICRKRB IR E % 12 TR U EZERA LT3,

Fig.3. 1310~ d BLff 4 Hi 1 8 S 60emIZ HEER L 72 ol 138 (27 — /L) ofafiikigIz s
% 5| Pk & i & AN OBIRIIARZ RO 755 R, BRI EEHINELBKNTH -7, 22T, K
FEE DR JRRFCIRBEBICAR Y 4 20 1Y, RRy K EEHT/11.83kNAZ 1.2 TR L7Z1LS3BkNEREL, =
A& b LIT1S3KNEL LD SRS B & 3R U 2 JB 8 & USRI DUV TRt L 7o, TREEFHRLAE SR CIE,
ZHETAE U D51 E IO KE 3 2 AREDORMER A L T2 2 L, RO BREZ 5 G A SR
ZEECEMTEIMER LI GA IR L D51k E hE2R T Le, ZOfERZTable3. 1R T, B & 5
P& ORI B 514K & F11.53kNDG B AL 5 UK IT46.4m/s & B Siv7z, — 5, Ahiia O S
KD—2& L TEZXDLNTEROBIEICHOWTEE LIHER, FAEOHITE— A~ OFFARE
130.66kN-mThH-7=, =T, RIYELL EORITE— A2 FHE L BEBIZOWT, JEEE & fiif
F— A2 hOBMEN BT U7RER, BUHSS.om/s CRFAMEZ LR 5 FER3F H vz,

LLEXY, ARisZEmOBIEL, FREFEDYI D AN S [HT T U7 mTREES mV, &
7o, FEREOLIHRITITEGEL6.4m/sLL EORRE 2521 T TA U Z VR STz,

3.4.2 AFEHE Y RZBIT HFE— BRI OREER

REROERE TIE, AIE NI ADT —F 7 L—AIZBWT, L BRM OBEAERICH
DTy RT L— N OEBEE D L - S0 MR S iz (BURRS) o Rz — K7 L—h &
T —F M OE Z100mmOEDERE L OE S50mmO L0 &2+ A REEIC L - TEA LS Th
Do BT NEFig3 NIRRT, EDREZEHfR O B R EFEN BV TIEEET T L7 L v o =
BIEREIIIEF DTN 2 Lo n, BUALESDATHNE T A DRIEEER Z it 5720, H#E L
VREEES OB ICE B L, RMIRE & O a1 T-72, £72, WAL L D L X L5 REIC
DUWNTRIT L, EBEBOEROMEMEIZ DWW TER LT, WEEOFFAM L, @EEERIORS
LTV D T HREREO TR 15 R A VTG U, WA O R 5 OGRS, 2 LT,
b IR OROTHITE—A Y MU 2 SMUE LTz, DFE Y, Fdifwe s o6 5 7
DN F TOMEEL 72 5 Killgb% & o - Bl fhif £ — 2 > FOFEN RO, MEHT &
HIEHSI CTH 5SS400CTH 5, 7eds, THRBEEDOMEalLo Wi OfhLta FER L, Wrimss —
SN S TH D ERE L TRD, UI6.5SmmTH o7, IEEHEATMOMELLE LIZHA, B
EOFFREMITE— A PMJFLLFORX LV 2.62kN-m& 72 572,

M=1.4 Xa Xw Xb Xf;
M, : THREEZOTRITE—A> ~ (KN-cm)
£ THREEOTFAIGIE 8.13X10* (kKN/m’)
b : &iOlE 100 (mm)

w B0 50 (mm)

-47 -



Base plate

ills

/,

OQ

- Fillet weld , |

Cross - section
Oblique of throat

side (t)
' \

Length of fillet weld (a)

m Fillet weld

N

Short side (w) Breaking point
J of fillet weld

=

Long side (b)

Fig. 3.17. Outline of fillet welt.
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Fig. 3.18. Analytical model.
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Table 3.2 Maximum bending moment to fillet weld of each wind speed.

Wind speed (m/s) 20 30 40 50 60

Maximum bending

morment (kN*m) 0.42 1.50 3.09 5.07 7.51
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Fig. 4.1. Outline of developed greenhouse.
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Fig. 4.2. Installation of wire.
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Belt for film protection

Fig. 4.3. Installation of net for film protection.
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Fig. 4.4. Bending moment diagram (above) and axial force diagram of wire (below).
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Fig. 4.5. Opening film by human powered device (a), protecting film by tightening for net and belt (b) in
developed greenhouse.
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Table 4.1 Various shapes of truss structures that were analyzed in this study.

T T
1 Flat Verticality 5 A [©)] A (@) ©
2 Flat Verticality 55 A © A © @)
3 Arch Verticality 5 .0 A (@] © O
4 Arch Verticality 55 @] A @] © O
5 Arch Verticality 6 .0 A (@] © O
6 Arch Inclined 5 © A (@] A A
7 Arch Inclined 55 © A (@] A A
8 Arch Inclined 6 © A (@] A A
9 Gable roof  verticality 6 Xeo) © @) © ©
10 Mansard Verticality 5.2 O O © © O
11 Mansard Inclined 5.5 [©] © © A A
* Frotage24m, Eave height 3m, Building hight 5~6m © :Excellent, O:Better, A:A little inferior
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Fig. 4.6. Schematic design of the greenhouse.
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Fig. 4.7. Deformation of the truss under wind pressure.
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Fig. 4.8. Metal mold for a ball joint.
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Fig. 4.9. The newly developed resin ball joint.
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Fig. 4.10. Juncture of lattice bars with ball joint.
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Fig. 4.11. Loading test for the basic space truss.
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Fig. 4.12. Result of loading test for basic space truss.
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Fig. 4.13. Construction technique for truss structure.
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Fig. 4.14. Accomplished greenhouse for demonstration experiments.
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Table 4.2 Comparison of an H-beam plastic house with a developed house.

H-bram plstic house H-bram plstic house Development type

Ream.”Single building Three ream building single building single building
Frontage, Ridge direction,
Eaves height, Hight of risge(m) 8.30,3.5, 67 28,30, 35, 7.0 275, 30, 3.5, 6.9
Main frame type * Structure of frame H-beam steel -steep rafter roof Lattice bar
Main frame size LH-200x100% 3.2 |H-500 % 200 % 10 x ¢ 38.1 X2.3mm
X 4.5mm 16mm
Steel weight (kg/m?) 14 31 108
Balljoint weight (plastic only) (kg/m?) - - 12

Constraction period

(Number of workers X Working days) 41 75 43
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Details of windbreak net.

Fig. 5.1
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Fig. 5.2. Observation points referring to wind tunnel experiment for 2-piece (above) and General

type (below) wind protection net system after Hirata and Kanna >,
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Fig. 5.3. Location of observation field (Miyagi island) (above), Observation points (below).
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Fig. 5.4. Time series of wind direction (above) and mean velocity (below).
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Fig. 5.5. Power spectrum density of wind fluctuations.
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Table 5.1 Mean value for the horizontal wind direction in each observation point.

No.10 No.11 No.12 No.13 No.14 No.15 No.16 No.17

Mean (° ) -13.0 40.9 574 51.4 58.1 48.6 46.9 329

Standard

deviation (° ) 218 19.1 10.7 11.2 10.6 9.8 9.7 11.0
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Fig. 5.6. Relation of between mean wind speed and distance from observation points to cliff.
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Fig. 5.7. Relation of between turbulence intensity level and distance from observation points to cliff.
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Table 5.2 Comparison of mean wind speed between the outside and inside windbreak net.

observation point No.1 No.5 No.9
Distance from observation point to cliff (m) 225 267 309
Distance from windbreak net (m) 28 61 90

A: Mean wind speed (m/s)
(Observation value) 8.7 115 12.9

B: Mean wind speed (m/s)
(Calculation result in state without windbraek net) 130 14.4 19.6
Compared with speed of the wind (A/B) 0.75 0.80 0.83
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Fig. 5.8. Relation of between mean wind speed inside windbreak net and distance from

observation points to windbreak net.
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Table 5.3 Mean wind speed between the height 3 m and 6 m in inside windbreak net.

observation point No.1 No.4 No.7 No.3 No.5 No.8 No.6 No.9
Mean wind speed (m/s) ¢ 10.9 125 113 15 125 12.0 12.9
(height 6 m)
Mean wind speed (m/s) g, o4, 102 10.2 103 15 109 11.9
(height 3 m)
Comparison of mean wind
084 082 090 089 091 0.91 0.92

speed(m/s) 0.83
(height 3 m / height 6 m)
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Fig. 5.9. Relation of between mean wind speed inside windbreak net and distance from observation

points to cliff.
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Table 5.4 Maximum wind speed on observation points.

observation point No. No.1 No.3 No.4 No.5 No.6 No.7 No.8 No.9

Maximam wind speed
(hight 6m)(m/s) 51.0 495 51.7 50.0 48.3 55.6 48.8 51.0

Maximam wind speed
(hight 3m)(m/s) 49.6 50.8 454 476 46.5 50.7 47.0 470

observation point No. No.10 No.11 No.12 No.13 No.14 No.15 No.16 No.17

Ma“mazgygdspeed 51.0 499 532 478 53.4 54.4 51.6 543
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Fig.5.10. Outline of sonic anemometer.
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Fig. 5.12. Display of wind observation system for collecting situation.
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Fig. 5.13. Outline of laboratory experiment.
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Table 5.5 Mean wind speed and turbulent intensity of each observation point (18:20-19:30).

Anemometer No. No.1 No.2 No.3 No4 No5 Nob6 No.7 No.8 No9 No.10 No.11

Mean wind speed (m/s) 8.9 9.0 6.7 9.0 8.8 9.3 8.0 8.5 5.0 9.6 9.1

Turbulent intensity 033 027 036 030 027 028 030 033 065 025 030
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Fig. 5.20. Frequency distribution concerning elevation for wind direction (18:30-18:40).
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Table 5.6 Mean elevation and standard deviation of each observation point (18:30-18:40).

Anemometer No. No.1 No.2 No.3 No.4 No.5 No.6 No.7 No8 No9 No.10 No.11

Mean elevation (° ) 1.0 23 34 14 26 22 06 10 -13 27 1.9
Standard deviation 8.1 13.1 131 93 73 93 91 119 158 79 8.3
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