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Development of mini hydraulic excavator
attachment for uprooting citrus tree

Osamu Sumikawa, Takefumi Marsuzaki, Masuhiro Fujikawa,

Koji INooku* and Hiroaki TaNAKkA
Summary

Transplanting using a matured tree is one of the methods of rapidly renewing the variety in a citrus orchard.
The uprooting work of matured tree is heavy labor. In order to reduce the load of labor, we developed mini
hydraulic excavator attachment. The attachment has 5 peaces of curved hoe made from 12mm plate steel. The
curved hoes are reinforced with 12mm plate steel and with root cutting blades near the tip. We tested this attach-
ment to uproot 10 citrus trees at high ridge orchard. The working hour of uprooting 10 citrus trees was 40.1 min-
utes and was 70.0 minutes including loading time to a truck. The condition of rootlets of uprooting tree was
judged as fine to be able to transplant and it was confirmed that the rootage rate was 100%.

Department of Hilly Land Agriculture

* Bio-oriented Technology Research Advancement Institution
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Study on labor stress reduction of transplanting
work of lettuce shoots using 4 wheel sitting cart

Osamu Sumikawa, Masuhiro Fujikawa, Takefumi MATSUZAKI,

Masamichi Daikoku, Hiroaki Tanaka and Koji INooku*
Summary

The winter lettuce is cultivated in plastic tunnel at paddy fields in Kagawa prefecture. The planting ridge is
1800mm in width and the planting pattern is 4 rows in one ridge. We developed the 4 wheel sitting cart to trans-
plant lettuce plug shoots manually corresponding to this planting pattern. To evaluate labor stress reduction
using the developed cart, we applied OWAS (Ovako Working Posture Analyzing System) and an electromyogra-
phy measurement. In the result of OWAS, the working posture of present manual transplanting was classified
into AC3 which means "postures need consideration in the near future". While, the working posture using the
developed cart was classified into AC2 which means "postures must be considered during the next regular

check of working methods" and was improved compare to present work. In the result of an electromyography,
the muscle load of lower limbs was significantly reduced.

Department of Hilly Land Agriculture

* Bio-oriented Technology Research Advancement Institution



20 STES P E DU [E TR v v 2 — TRl R 55 355 (2005)

20X BA%E L 2R F4X AR

6 FmAmEX O (M)

B frEadc kAl TR .



21

EFP@%ET% 3
21—37 (2005)
AISA VLR R L 7 B2 it SR Bt THAT o0 B 5
FH 220 - BRI AR54 - Rl L -
Nl g - KRBIEE - iz BASRG*
Key words: [#hE7%, FEE, 2734 Fubt, WET LV —4, K- - EEN
=| N
1 %ﬁ F= IR R R PP PP PP R PP PP P PP RIS 21 3 254 7)1,1%@E ﬁlﬁjjuf‘%?ﬁ‘t% ............ 24
1 Efﬁ gﬁ ji (f .......................................... 292 4 254 7)L$)L@Z'(Xpﬂﬁ1jjﬁfﬁ‘%§i%% ............ 26
1 AL 722054 5 ki KO 5 WETLV—AIZX5E LD
fiy)ﬁ&i%ﬁ% .................................... 292 ﬁ’f‘j}’[ﬁ Et+o é@b ................................. 27
D AT TTH ceeereee 22 6 AN FAPDORL DYy FDisZE
3 HEREIRO PR e 23 B L O IA AT FLpsE L O)ﬂi%& ............... 29
M FESRIS L LT oo 23 NV % FH et 30
1 { uﬁ@j%@iﬁﬂﬁ]ﬁ{d:% ........................ 23 §§~T ﬁg ................................................... 30
2 WETV—HIZTKB 234 T LMD Bl F SC R ceovererrrerreree 31
PG TFGRfOE L coevvreeeini, 24
100kgz A 232 ) — MEEAHOWEN TS
I #& B 728, EEREWAELEE L, REHRE L 55T
Ens, AZMED—HELSTND,
DULE 2> & U - it )5 02 28 % Ve BRI T —J7, IhE Thga g N e < hT& 721l
Wi 7 St & FILHT U 7 st el 25 00 At ﬁbh,%% S\, P EVIE RS 7S£ v & — hdtak

AREICBOWTHEHEANELZ D THS, LrL, i
ARG E 2 & Dl A RREEPI AL | ik O
EPEEIN TS, £, FRIZAD, KAITIE
BOABROEHEEZTEEHI1CAD, K3 2 b TX
SRBIIROEZERORRBNLEN TS, K
DEOEZHER Z PR T 5 720121%, o mbh

JES M &R U 72 PIRAMER N Z 2B L D,
ANX - ORI - R &0 S AR 2 g A& iR
% & & ic, SO RGP LSRR, BRI
Z&, VK ORI IR & G5 H U 72 & e A4 pg
DEFAPHIGE N TS, ZOFRIMER Y 213
RET A LRI 2720, BRAGIZK %%
EEE LTWa 2, BEN20kgn 3y 7)) — p#l

HETHIH, JEKFBIZHRNNT 2 TR, BE
CFR164E10 27 H 325
{7t A

* Bl AR SSRGS SR v & —



22 IR EIU I SERF 22 £ v 4 —WF22 R 45 35 (2005)

AR L T 5728, Hi TR KO EH]
RIEERORE B O, HIDHE LS, Rk & 597
haEpEE U, EREEOENL, BEEbrE
nTn3,

EZAT, EREAENIZEW TR Iz 23
4 FbiiE, TEEHHITS 2L h<ELTESZ
END, REAGTHESICH LS5 Z EA0HEL &
L, PEkD Ty o) — RIS b B 7z e R
ML THYEH IR TS, LiALAZ S Tk
FHFE SN TH S HARS , iy 2 518 7 &
W B 20Ny ZNOHEHIZE EEF 5Tk, Y
[El bk 2 13 U b & 3 5 rp Lo ik - 58~ oD el i
A S I 5 TR,

Z ZCARMIZE T, il ER SR TNy 25
HROFAEELICET B 720, 254 MO LG
MELUTOmMHEEEME McT5Z4HEL,
AL sk oD H R IIB U722 2254 S E N
WiE T 2R T L 810, B|E - AEi %
HWEL, ZOIFREIZ DO TRET L 7.

5k, ARWFFI R sk F2 P AL (R i 3
(R PEF AT R AL AY) & LT, ReARI R LM
Kty a— (), RigERARKAEY, ik
WL R ERARIG & O HEIFZEIC & 0 P14~ 158 12
EL7-eDTH 52,

I H& B &

Z54 IO NE L L OER (5l#k%) - KF
M I ERER 2T T DU v 2 — UEIRFSE & v 2 — N
O[S 36 L OMEFNS® [z T - 7.

1 #EUAZINS SIvind SR DAL BIER
AAFZE TR U 72 2084 7 A biid, $iA4SS400
(X 9mm) #6XARIZCAC>TEfEX -8
DTH5. FHIAFEREETIE, H50mmZ /34 7
LB, BE75mm A 754 FIUHL, IE75mm7SA4 7 %
INA THL (X234 FERR E40cm) O 3 FEfH %
kL7 (BHE1)., MiohLhE vy Fid, I
75mm A /584 FILpiE LK CE75mms S A4 T 223 A
A TIF112.5mm, MHE50mm A /S84 7 AP T
75mmTd» 5. i LIRS EZThEFhobiizconT
60cm, 80cm, 100cm® 3 F&fE & L, K¥FEE L UTFE

B (GlRE) WhEREL 7.

VRIS ORERTIE, 2754 FUMO5 |k % 1
Ma X DISFHIICRET 5720, ACO Yy F 2K
BRI b 22 O &AL, ¥y F 5L E
TCRIETHELRFEL D, HE2ITRT LS 12,
A U 72 M0 E75mm 2 234 7 ubt (JE X 9 mm)
THY, ThFhALHYEy FRELSTNS, B
BHOM AL, FROAFERERIC & L 7R
Ky F (1125mm) THO, BUETREA RN »
F (MO (75mm) DO15f%) THh5. A—-EIlK
HIZPENVE y FIERELAD, ZNZFN168.75mm
MiB, /My FOL5M%), 337.5mm (FLC, i
INE FD 31%), 600.0mm (FHiD, 180/ L D)
Thb. £72, MERE Y FELOEHTHS. %
NZNOMONE THE X 1Z—ED60cme L, “F-iHih
i35 COEMEM SO AEWE L7z, 7z, HEEH3IIZ
AT, HENRELT, av s ) — MlB X
USRI O MDA ZTILGE 2 FifH A e L 722, 3 v
20 — MRS X, EE32.6kg, N— 2R
28.3cm, JEA9.2cm, V. B LMD EEX14.5cm, &
X56.0cm (W E 6 RKDFHE) , 754 TEIXE
£42.7mmT b 5. PHOEHEIZERE6.2kg, N— A
13—30cm, JEA 6mm, 754 FEPIdEEE42.7mm,
5 E109cmTdh 5. HL& A ATUSLRRE (3T SH b 355 1 2
WE65emIHEFR L, HIERD 1 » HERICERE (Blk
&) B KUK 1R % T2 L 7=,

2 RAEFHE

i .U 72 bt % 3% 1 mm/min TZ N 15mm % T3
5lU, EE (51%) B XOKFEHAENZOWTEN
EREARE L2, gk, KREHATIE, Mk
DEE10ecmD & Z A & 5| L7z, FEGITHERE 2KN
DF vy TayZIZkDiTw, ROJEEE LU CHIE
YanNLEMALE, ENELAA YL -V
(NEC =28l : 9E08-DIA-30, A &30mm) , faf &l
O — F+t)L (NEC %% : 9E01-L4-20kN, % &
20kN) 2k ZzhZzhitliL, 7920t as
77 (NEC=2¢Hl : 4 =x — ZRT3608) IZilsk
U7z, WA IEER T, 5l ERIChA MRS 5
729, IhEMIET 2S5 20T, WEY g X
N OHETREE U7z, GBRE B & ONIlE RS & 5
AR,



M 5 2 2754 Foubiza FI U 7z & 2= s

7z, (ERHE S T O IRAERTIE, R
I UTARPICHG 2 Z L AR TH 5720, 4
FEESTIE, AERET A KO ST IO 3 5
Zeheh#EsI L7z GB1M, 5HES).

/ (G|

S|

TR T 518

1 AERHES T O A I35 51

3 #HEESEOTIRRE
NP O SRR ISIZ 2 Y = —F VK

FERERE TR OB S 23

Yo T4 v IBA L b T3 h, K%
TIMEFHEEIG SR FRICEENR TS 7280, lBiD
ZEMEEZEL, fEEa — v BARBE FhE L
7z CPRU4SEE RN, HH6). 72, FRIGHEE
VAR HABE IS I W T SR2A T — B AGRER % 17

> 7.

I HREIVUEBE

1 #HHESOTIERETER

BN T —  EAGER I X 2B R4 58 1 &
2. SEHMEE T, % X40cmbl) E TNl
(B 3 — » B AGRERIZ K 2 B AKPUE) 2320
RO K E Lffi%m U7z, ERBOREIE T, BHER
ThhTnhnZenrs, KEHBIZHEWTERER
W AR L7z, 72, FRASFEIZF20E L 72SR-24
a— B AR, RGO NS0 5 72728,

1k EHEN T - EAGERER

(a) FIBIEISONE

Ea(em)|  HER1 sHER2  EfBR3  EfBR4  FHEBRS  Z{EBR6|FHINJIE
10 0 0 0 1 1 0 0.33
20 2 2 2 4 3 2 2.50
30 6 6 5 6 8 6 6.17
40 10 7 7 10 7 16 9.50
50 23 12 30 15 12 29|  20.17
60 28 21 28 16 17 15| 2083
70 16 13 25 14 13 11 15.33
80 15 15 17 17 15 17 16.00
90 11 17 25 24 23 20|  20.00
100 13 22 AIFETEE BIETEE AIETHE 28| 21.00
FEE60ecmHM580cmETD EHINIE : 17.39
(b) ER}18° EISDNJIE _
ZESem)|  FER1 HER2 KBRS EHER4  {ERS  HERG|FHINJIE
10 8 8 10 12 16 12 11.00
20 9 9 9 11 10 8 9.33
30 15 18 15 10 8 13 13.17
40 19 22 12 13 6 15 1450
50 18 22 14 10 7 13 14.00
60 22 26 13 18 9 28 19.33
70 17 22 12 28 17 30 21.00
80| JBIEAHE 12 8 19 24 BIEFEE 15.75
90| RITEAHE 15 9 26 37 BIEAEE 21.75
100| RIEAHE BIEAEE _ 11 21 30 AIEAHEE] 2067
FEE60cmM580cmETD FEHINIE : 18.69
{Efitth, F1BH 251+ 560H580cmD FEHINIE : 18.04
N=0.66Nd& L THRE L /- #RENfE : 11.91

ITERIMAEZEZDHLDIFAERGEELT=,



24 IR EIU I SERF 22 £ v 4 —WF22 R 45 35 (2005)

F2&k SR—2Ma— Y BEAGREER

Flem)| FRBRT  FBR2 BRI  FlBR4 KBRS EKER6| FIHfE
5 0.588 0.980 1.078 0.294 0.392 0.588 0.653

10 0.392 0.588 0.588 0.392 0.196 0.588 0.457

15 0.833 0.882 0.686 0.588 0.490 1.078 0.760

20 0.882 1.078 1.568 1.372 0.588 1.372 1.143

25 0.931 1.078 1.176 1.470 0.588 1.666 1.152

30 1.225 3.402 1.568 1.078 0.294 2.058 1.604

35 3.626 4.410 0.686 2.205 3.430 2.871

40 2.842 2.842

a—r (TEMA30° |, JKHER 2 cm?) % B HISOND I
AN I ZAG T DM EFHTEHD [ T - 72, 53R
EHE2RIONT. BEFLDEE30~40cmT A X
GIEYiERL FEME 7R b b,
— i L EER R TR AE R ARV S bR T
%9y, RIS IZ 30 T AL LIV IS 22 ik
Th bbbz, BEERSE O & I3 Gk
+TH o, FIHHEL THRELL 725080 1 41ESCL
(WENEL) Th -7z,

2 HETL—HICLDZANT IV OEER IR
(OETES

FRERBRAG M, 254 FAMOKE T ke LOR
ENTOETEREICZLEIMDORCIAA ZRAATZD,
32 < | A UAANE LANEETH 7. £ 2T,
AWk, WET V=2 &2FHL T84 FI)Ubi
AR HE L9 2 FEERIE L3 KR,
RGO & 5 2 il ERBIR I A 5 5 [E < i
FoMGICEVWTE 1A 72D +EMTHRLT
&, MO, MORLAMNELRI Y 2 ) —
FRECHANRTENNTH 572, WEY 2 LTt
27 AN DO TERHTE, @bt Tl L
SHEECH o7z, 72721, HMOOMD L WGT
FAFEEHNTEIT AL T EWARTRETH 5 7=
W, HHIZE S cnweHilrE i, gk, ETv
— &, BEDONT y MIHRTEERRENWD,
FREFHD TORETIE, HRAISICEET 2 LER
5., WMETV—HaEHELTIEE2EHET7 ~11
IR,

3 ANA ZIVROEETRDHBRER
SR TAAE S 2 U 7= - 35 T O Rk R % 2

B[ [MPa]

2 XN, faiHH b C OB R 4 58 3 XNTRd, 1k
ELI S Z D&, g TR X 2% < & 51 Eiiff 2
K&EL 2 bfdmEA, AL 22 3FHEOMI TR TIZD
WTHGNZ, FHIZIE75Smm 2754 S L& g
75mm/ S 4 TF 2254 FOURTIE, i L £ 100cm
2B W TN I5mmIZ T 5 FifIZ20kNTE < DA E 25l
BN 72728, ZORERTHIE Z ik U7z, fgiEht
DIGAIZ BN TR [ERROME 2 S 7, RIS
K BN T 725 £ OISR S N> 7=, it
R ON d B 23K Z 2l %4 /8 3 [l T b - 7=
7o, TIEOWE 2K & Kt ))& R 2 EIKNTH
pelEbnsd,. DEICKkD, S0 LRIEGTIE, M
JETV—=h%aHWAZLIZ&-5T, 2254 7 Lbi%
RIFICHEL TS ZEAARETH D, GLE B0 tod
AWTRIE A RIS % &0 ZOMORES E» S h
TWBRZEAERLTNS,

K, IE50mm A /54 IO L% X 100ecmic
DWTDOA, EN L HHEEMEORGRA, IZITHER
HFTdh b, FHEME B & OCERHFZAT 2B W T2
DfEF AR SN 55, TORKIZOWTIEIAHTH
5. F£77, ZM15mmO IS Tl T X 80cmD 4
TR L, RE2RPR/NS WG HEEEEZRL
T3 A, it LR X 100cm 3 B L faf B2 23 BE 0 L
TR ZENE, RAMICIZHE X 100cmDIE S 23K
EumERTEEbLNSE., £/, 77128V T
FoEPICMEMLS L MEHL Th38D008H 5
2, ZhE, MioslthE EFEHFyTay 2 EH
W TH> TN 5728, GlikEfENKEL 55120
S>TFzv7uy szl RkEhLDLE
D, BEICHGAEMRIZIZES G570 Th
5.

ZI5A4 ZIAMDIN O K E X &l T 5729, I



Hp 5 0 284 FUbi& R U 72 [ 2 s FH TR i 74590 0 BR 78 25

20
16 | \
5l 100cm
*E 12 [
?" 80cm
G
£ 8 T
[kN]
4 [
60cm
0
0 5 10

FEE Z AL [mm]
(a) ME75mmR /XA )L

15

FEE Z AL [mm]

(b) WE75mmsNA THFRINAL FIL

20

16
2 80cm
R 12 +
=
&7 —_ 100cm
g 8|
[kN]

.l .

\GOCm
0
0 5 10 15
FEEZ L [mm]

(c) 1E50mmR /84 S)L

5 2 X

SP-SH b [ 855 C 0 T LI D R R

20

16

R 12

P Ty

\ 60cm

0 5 10 15

FEE Z AL [mm]
(a) ME75mmR /XA S )L

B Z {7 [mm]
(b) mE75mm/SA FHRER/NA S IL

i 80cm
T
100cm
i
60cm
0 5 10 15
FEE Z AL [mm]
(c) ME50mmR /84 Z )L
%3 fEEARHER 355 ~C 0 2 AN 7 R A SR



26 IR EIU I SERF 22 £ v 4 —WF22 R 45 35 (2005)

20

16
5] Wmmxl SMZILH
] 12
s 75mms S TR R84S )L

i /
g 8 r

80mm/s\( 7
4 i /

0
0 5 . . 10 15
FEE ZE L [mm]
AR AFENOFEBEM SO (ERHESS, i T3 X
80cm TDfEE)

x5 & U CEAES0mmdD 7 $ 4 7 % 80cmD I X 12T
HihA, GliEEPAMEL 72225, I 2kNE&
INE L R UHE L X OIE75mm 2 754 5 LR Tl
$98.5f% (17kN), WE75mm/S4 7D & 2754 F )Lk

TIIH35M5 (TkN) DI IBHEENRTHWE I Enb
234 Z MO GHREM DO AZ ) 2P
MEICHN AR E L -7 GE4X).

4  ZINA ZIVIROKFmM A RERER

AN JIz D0k, SEHES T, IR75mm A
84 ZILEBES0mm A 234 ZILTIEN TN E 1 kNA
WOV E -7z GBS (a), (c¢)). 7z,
fE TR XIZ KB NDOZER B E 0 25 <, HIELE
MARNTOEWY, EEG IO X 5 12)E LE X
K-> T NERME 2 HkEaL 52N TE L
V., Zhud, KPS EEH SR 54, L
OFUZIEZHITE— X v F2MEHT 25, 254 7L
AT > THEIE XN T 5728, 2234 )L
EROHTE AN <, MIAESICHZA > TL &
IO Th B, Tlaklie LT, KEMES 5KN
FEIZ A2 X ChHEMA RS, LrhThiadir -
TWBZEAERL TS, Zomaisiiuths
S 72T IEER E40emHETH D, BHERZELT S
TRt Rt L OBRELCHFIS A% L7
EEiZohd (BH12), —H5A TfFz234 700
MCid, LRI AW 551 FERE LMD 2R T
i sBin T GESK (b)), T4k, “Flic

0.8
7K
E 06
o
|
[kN] 0.4
0.2
0
0 5 10 15
FKFEZE 451 [mm]
(a) ME75mmR /A )L
5
4
3
7K
%:E
2
g
[kN]
1
0
0 5 10 15
7K Z5 3L [mm]
(b) M@75mm/ A FHERINA FIL
1
08 -
100cm
K 086
qz
B
g
[kN]
0.2
80cm
0
0 5 10 15
7K ZE 4L [mm]

(c) ME50mmR /N4 S )L

5K PHHRLIELE T O A )1 ER RS SR



Hrh o @ 2054 I vz I U 72 SR

HoRTHIGRIE A S A T NAE LT
5ZL%RLTED, KPEMINZDNTIZ A T
ZISA TUMMBRE LN N 2R ETE, GRTH
LR ARV AN

AR T, TE75mm 2784 7L & BE50mm A /2§
4 I TIE, 1.5~ 4kNEFEIHM & O K& it )1 %
RL726 00, M & [ER, fE TR E & ORI
MR s BN, ALETH ST L a/RL TN
5. FHH KON KEL 5722 LIZDNTE,
B2 PHES N T 63, RREIZHEWTE 1
MR E P> 7220 Ebh s, La LEEOMY
TONY ZEROGA, KELNELE G0V E NS
ZEiFFEZ ~<L>t&§, T2l ZAZD &S B KERMm
NIRFEI N LTS, Z254 FILDOARTHERL X
NP TOAREF A INIHEFETE R Bbh,
HHT A EAR VA E AL, Mok zith
FE=AY IPMERLEWESWBETA2DELDH S
ElbNhE. —F, S T2 FuTIR,
M & [Ekk, K TAEL 251200y, K& AN
ANTEAAECHNTE D, MO E 2
INA TUNDADEAE LD KE M5 L, Z0
BRMEARUMRE RS2, &b, #5150 (1d
FE, @RI, FEsm) ICXSPHELEIRIRS
Nshro7z, 56 X~ 8 KNSR 41T,

5 HMETL—HICL2BIOFMELDEE)

WET LV —HIZ&2hE LOGEMEEWE 2215
72, ANCk3iT eV —HaRAL TS
DT, I 35 O TN )12 D TR L 7
(BIX). ANWZK PR URAATHL LE1T - 7254
MAEAESIZZOHTHEL L, LENPIFEIRICHE
gahTLgwn, 5kEmNIME T 2856036 -
72 (5H#13 (a)). L» L, WETLV—HIck 34T
BIAATIEMDOR LD ¥y FLH—D Y v F Tlhlig
Lo HEIZITBREh O 20, i LI+
BAWESTZZ N EN, ZTDED, WAa10~
20ecmfEE S [z & 2113, BEO L iiAA
THENEY ER2BE AR 6N (BHE13 (b)),
IO BEOXHHMLRTYE, WMET V- %&
P LTk, HIEOX AWGRE 2 A%< FH
L2 KRZEAMAMEENTNBE Z LRSI E 5
7=,

X
B
[kN]

K
T
[kN]

BREFEATH T D B 76 27
3
2.5 Mak
2 /Cjﬂﬂ
600m\ r
5 r
100cm
1 //
o \
/ 80cm
0
0 5 10 15
FKFEZE {5z [mm]
(a) E75mmR /%4 S )L
16
14
100cm
12
“a
10
8
80cm
6 [
4 [
2r \ 60cm
0
0 5 10 15
FKFEZE {5z [mm]
(b) WE75mmsNA FFRIA S
3
25 + /
2 80cm
C v/ /
1 A T
600m 1000m
05 -
0
0 5 10 15
7K Z5 4L [mm]

(c) HE50MMR /81 S JL

556 B fuRHE T O A AR ERS R
(S mT AN #51)



28 VTS E DU [ S & v 2 — R 535 (2005)

5
A A
X X3
2% Tq;:_-f 60cm
5 E o,
[kN] [kN]
+—_ 80cm
1
ﬂ 100cm
5 10 15 ° 0 5 1‘0 15
FKFEZE 45z [mm] FKFE 243z [mm]
275mR /81 S ‘
(a) M@75MmR /A S )L (a) ME75mmR /84 S IL
16
14
12 -
0 ~— 100cm
7K 80cm X
F o8 i
5 6 ES 6
[kN] v LkN
.l 4
2 r 60cm 2
0 0 | |
0 5 10 15 0 5 10 15
7K ZE i [mm] K24 (]
(b) WE75mm/NA THFRINAL S IL (b) HE75mmsSA THFRINA 5L
4
2.5
35 -
100cm 60cm
2+ \ 3 \A
7K K 29
F 15 x
v 80cm fir 2
= £
] 1 [kh] 19
1
05 r 60cm 0.5
0 0
5 10 15 0 5 10 1
7K ZE 432 [mm] ¥ S b nd

(c) ®E50mmR /A Z )L

TR 355 C O K- i Rk SR
(R A5z #51)

557X

(c) HE50mmR /84 5L

55 8 IX] fEFHE T DAY i RS R

(a7 #51)



Hrh o @ 2054 I Uiz R U 72 6 25 R P S 17 52 1y o il 29

@ FHEEIZLDRLAHA (FiHH)
O METL—AIT&BITHAH (FiBiH)

EHH5,

25 O METL—HIZ&BITHAS (ER18° )
20 =
= O &
B 15
it O g
A HYA)
g( ® \/ FRECLSRLABT
£, FtHHUNET B 15

50 70 90 110
MOELTRS [om]

BORK fE TS & B EE O R
(IE75mm % 7S 4 5 LA TORER)

6 ANASIIMDBLUEY FORELLVED
AHBIERE DR

HIRD & 512, PRI OB TIX, 254 7
ML TR I R A e IC e La T A1, ©
ENRFEOH AW 2 AR U 72k & 2 )23
BohbdZENHEN LR 72, 22T, FK15
FERIZHE[EL 72, ALY ¥y FOME L X OHRT
Kb UTHT - 7230 A BRI O RRBRRE R IZ DWW T
R,

HIOKNZE w FORK B 254 FAMOEE (5]
&) mERERAS R AR, BN LY Yy FTh D
A TADPREARE63kNERL 2. ZHIZERK
HEEORBAEREIZIFFCMETH 2. By FAK
EL B BIZONEREMNIMKTL, 24 7BECH
52kN, %4 7D TIZ3.6kN, %4 7EDFEHR T
19KNTH 72, £72, 24 TA»5DTIE, 5lik
ZUPEPNEPUI AL T 30123 LT, ETIE
514k & FRBRIELT 1 i KAl & BU8% L 72 213 KR8 1294
LTW3, ZHhiE, ASDD A, T, 5l
=P T OB AWHRPUS R % D1t
L, 24 7EOFRTIE, 5l EEPia FICHibik
I & RO IZ B A EBICERT 5 2 L & &
KRLTW3,

RERIZHGA L Mo Tk, ¥y FogE/hXn
Mod KREameRELz, ZhD Yy 5%
INE L LA DN DOWTEAHTH 54, L
U0 %% < $HULEB RIS 5 AE R AKEIZED

FEBEZE[mm]

BIOK ¥y FORIE B A4 U OERT
(E75mm, Jii T3 £ 60cm)

720, FTBERANZ L — TNAT A K < 75 5 ket
EHBZENDE, 24 TADHKIZIFIFRYTH S
ElEbh5.,

—J7, WO H & UTHGA L 72 B A ATUIEGE D
EE (G1HE) B KO8, 512X,
F10emPEE EEICH 72 & 2D TIEOK T 25
BHI4ZRY. BEMD TR Y 20 — PN
2.0kN, SEHIERHETIZKI4.0kNTH D, SRFERED
FESBKRELMNER L, T, N—2HDIE
A, 32 ) — b IEEETITT4630cm 5T L gk
PREEEETI12900cm2 e KE 72720 bbb, L
MU, A28 FAME T 5 &, PRI TITE
yFDRENEZA TD, TV oY) — T
DAA TELEFEETHD, 2754 FAMOHFTE
MRS T 25T D > 72, BRI L34
HIL, MEMETL2=720TH %72, Aifg it
Lz ic o nTid, L auntIEME 2R/ L
T2 A3 FAMDIED K E LM1&L, GH]
THDHIENREINTNS, s, HERMIELFEOM
h#EmExes ke LT, HORELLIZE AV b
REMEAZEA U, LA RS 2 HE A RE
INTWB ) AN T, $HIERETIZ1.0kN,
a2 — MEETIZIAKNT H D, B EB D
DEFENAKENTY 21) — FIEFEDIZ S 2K X it
TI%ETR U7, 2254 KL DOHETIE, 144F5 1



30 IR EIU I SERF 22 £ v 4 —WF22 R 45 35 (2005)

4
Ell
R 3
=
o
E
[kN]
1 \
ayvHy) —rE
0 I
0 5 10 15
7K 25 32 [mm]
LK 16 IA AT LR OO TR
25
2 L
avH)—rER
K 15 |
EF
Vi
) 1L
[kN]
05
AR B
O Il Il
0 5 10 15
7K 25 {3z [mm]

12X B A ARIFLRED At 1
Fhii L 7-M875mm A 7S 4 F LMD fii T4 £ 60cm ¥ &
V80 TOFER L IXIZREE TH - 7-.
vV =
N ZHIWEDF 7= L LT, Z254 Tkl
IZEH LU, 20l L AL KO &2 8ET U722 R,

UM OmMR #1572,

1 Z2%4 b, L v HEORE 4 FH 3
5ZELICKk->TNhERET 252 AT 54,

L RIORERD X 5 128 O 2 H O BI04
INETHREIN T AN R UAARNET
T, fE TR RS X, I B A

BohkWHanrd 5. ZOk5 5BAITE, Wl
JET V=&ML EATHARETS> 2 LT, &
WA FICH T §2 2 &MNTE, 2754 7L
MBS A K - T2 LD AW % B30 F
AUz K& REEN &2 RIS &5 2 L B8aEET
b5,

2 HMOAARIFEOEEN 1A 2 ~4kNTH >
72DIZxf L, 2784 FOLPUIHIER R £ 60cmiZ 5
WTEARNLL LD 1A H LTz, £/, [
DR EN 28, HIEEE 280~100cmiZ & 5
Z LT, 10~20kN & FEHIZ K & i ) & F8 i <
BB ENTE, BWIE L4175 8546, 1514
DMOEENRELDE7ZTTHHDT, LD
REERITIT L AL %D S I Fif 1A KiE 28
MEXEDBZEHNRETDH D, JEHI/O BT LD
ABTUILFE N THA TN TS 5.

3 AEIIZOWTIE, MEROEFRIE 23K %
WS T 28 FOLRINRE U 2z ) & 4R T
&, ZORY, MoOMEE LTE, /34 T2
ISA TAMMAEL TR, £, fi LRSI
AL AWK R T kAL 5 Z ENEET
b5,

4 DbkoZens, RUIFETHRD EiF7z 284 5
AT, AEREBRO L WER AR E, WE7 L
—HEHOZRETL AT 2 &2k >, i
FHHURIZ o T 8 [E R AR M & U TaRD
WL S % &Rk Tx 5,

e i

AWFZe & FERiT 2124720, BRI L
& —, RV A RIS, PRI B SRR D
B2k, BT ER KO RICOWTEHEL ZE
WaE -7z, 72, FRISFEE IS DR TIX,
MR 4 A IREER (B JBA M T
FEMRRSHE) ITEENRE LTI z2 0z,
MU THBEEERLET.



1)

2)

3)

4)

5)

6)

M 5 2 2754 Foubiza FI U 7z & 2= s

51 A 3C B

IR [EU [E 2 2e £ v 4 — 2002, PR
RN 2 L~ =2 7L,
HEARILEL S22 v v 4 —ff 2004, Bp/dped:
IR G4 2 [ KFITm KT 2 b [E
A DFFE . JUIN H ek = BB B 2% R No.
49.

HIrp 220 - 5E2 LR - M)l & 2003, JHIE
7L —H &M U 7= EZE O e T o
&, SE62m R ERM - 2 E RN 2R .
7—8.

ARZEEI 2004, [EI=HEaxEEEH 2354 7 ubi
DIFRHE L R, B AR,
RIGHHE S 2003, “PFiREUERED v 2 FK 2 2
PEFEDOEBR, EHIURME2 : 1—5.
HASERRE =S 2001, K3 2 bt dEgka
N AfE L~ =27 —ExR—.

FEBERE TR OB 7E

31



32 IR EIU I SERF 22 £ v 4 —WF22 R 45 35 (2005)

Application of a screw type pile for the foundation of greenhouse

Hiroaki Tanaka, Masuhiro Fujikawa, Takefumi Matsuzaki, Osamu SUMIKAWA,

Masamichi Dakoku and Koji INooku*
Summary

In order to reduce the labor for construction of the foundation of the greenhouse, applicability of a screw type
pile was examined. As the soil of the test field was compacted and hard, we have developed a piling method of
this pile using a small size hydraulic breaker. By method, the piles were installed promptly into the ground. The
pull out test and the lateral load test were carried out to examine the vertical and lateral resistance properties.
The pull out resistance of this pile was greater than that of the conventional foundation. As the results, this screw
type pile and the developed piling method could be accepted as the new material and method for greenhouse

construction.

Department of Hilly Land Agriculture
* Bio-oriented Technology Research Advancement Institution
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