WUT LB O B BRI L BRI KRR

R BRIBEHR B EED (MF@EZLEERERERT OXF 1, | B, GhRnd
RETRERFTER RBER, AHEEIT, FREz
PIHAEERERRT 7 a IV EHIESR, RERX, +F 8, RKEEHK

B T R i RO S R R T AT B, ORISR, HAEE

1. IECHIZ
FUT BTSSR TESEBITEICH LD K
B OB REZEN TH Y, EICHEFHEOX R THEICH
WHND. o T, ZOBBITEENICRRE Mg Eio
FBESN, FECAVWLND. —FTI oMM & 2EE
SKELZLSBEINTVD. BE 1 IFBRENEETHICRE
A LR R EORT 2R FUT bk 7 — 24—
—% Y —F—OLEIESETEY, My T ~E—720k
ETHELTWEI ENbhs.

BT B OB 2 BF L3 2 72D IS IR TE LIz X5l
BICRETHLLE Fgl Sl
Bis. FRFECHE &
RIEEITICHLER
A% = o Wi Ft &
HAEIC, 051 B
M & L CERELT
ERICEDMITH

ik > 35 B i 17

(Fok. REETH :
ERAETEROM \
BB R Aerigen | ST T
Eiks. BH 1 AT MHOREE

2. REBEFRRAI

F e ERA Tk AT H IR OEREEL e
EHRARTEY, SEMREOFEASIC L S0 TH L OHEN
EBHEMTONTWD, LMLRAL, RERBEICLELRX
FAZRFICOWTHEHRFEMAR R LN TR LT, BEXKED
T ELFICEROLNL TV L ORBRTH D, E-HW
RS VIR A D RS REEA RO
Y ED TR Y, BUTHEIIRAER AN S EL L2 F
LigiFhuidie & 7220, ZofEr7 v R—=¥ ozl T
NSRBI TRY, ENICTREER I EBRENT
W5, BL, FREHEITKERENAMHRE SHTEBY, ik
T LY A U DB EEMHIAEE S TuhR.
R2FFEHEVMABICEDZEEO—FITH 5. (FnE
EETHOREEICOWTERRDHMEERET HEE LI,
SR OREE[ICH S 14~1.8 FOEBAV LT
4. F-HEROAFRIZOWTIL, 1/100 IR OFEEME & X
FHREE 1S U ENEREECHNLNILTWD.

x1 BELLEEORE
W [ A
ZEE | 5E | 35E

R2 FEEOEDHLEEDON

HABEHA%2R) [BC3]

(Bf:m) 50,0 400 300

- TEER% 7
s ETIE O [
; f5#4 17100 AT
EDWE | | pang
TENRE ZAE 15
_ Ez IEEFORBLIE
3. EREFER 5 tORELE

(1) SRERIRIS « FERGEITERIT IR ERRZE R E R X
7o EREHEEENTOLTWA T U T OFEEERIC T
FEhli L7z, REBRTITETHROHIERM EHIRICE T 5%
FOBRE B 2T 57201, KRR & SEIRHEHT 5
AL UDICEM Lz, IRWTEITHRICESIRZ B3GR L, €
DOBITHUT B A B E S, BEIRICAE Ul s R A
kiR 2 3 fEET CRHA L 7-.

(2) KRR - AHERIE T 1L.8mRBRE O FRIC RS 2 5%
EL 128 HA A L2 R IRETROEEEZRLE
HLOTHVFERHRERBRAOND . ETHROREZEITR
KAEAHKI 10em & IEF /D& < I FIFRAHEE TH - 7.
o AR L8y

=
i

20.0 ‘
®1 KENBOHER

@) hiEDZIFH  ETHOHEIFN 2R D - OICF
R RBREAT o 7. RABUT O bl # (20 E g
Smm/min) ICX Y, RIS T3@EKTEMLE. B2iT
WIIE N (g &, LT EGE)EFWAEOERD TR LUIZLT
He(s/D) & OBBIR %79 3 DO IR IZ 355E L Ts/DAS 0~0.1
O TIEs/DE BT DI NREL, TOEEIZ
BRI, £, #ifRiLsy/D=0.1 fHETEMEE
R LT, IZIEHEFICEM LAY — 2 2R & e, =
T CIEBERITE D 2 DOBER DR EN BT D q,fE % RS
Fh@)EEEL, ROIMEIT 478~623kPaTh o7z, K
FEBRCEA L7 HUT IR 0 i REEHUE 0 tE 194kPa T
HY, ¢ >24p TH o1z, RBHMROFIOHIZKIT 5
BRI ABLK)IE 6750~7651kPaTdh - 7.

“Measurement of accelerations on the moving pile driver in construction site”, S.Tamate(National Institute of Occupational Safety
and Health), T.Hori(ditto), K.Itoh(ditto), N.Suemasa (Musashi Institute of Technology), T.Katada(ditto), T.Itoh(ditto), A.Ueji(Haneda
Airport Apron JV), H.Hayase(ditto), A.Hijikata(ditto), Y.Amano(ditto), Y.Takeda(Ministry of Land, Infrastructure, Transport and

Tourism), K.Kato(ditto) and K.Uramoto(ditto)



1000

800} y [
§ 600 P
o q, ,’I I,’
E 400 - \’:l |
& e/
#®E BCI BC2 BC3
2001 Iim‘?;cmﬁ q, 418 571 657 ||
/ K 7439 6750 7651
0 . 1 T
0.00 0.05 0.10 0.15 0.20 0.25
KT sD
2 EWEEH (g) kT (s/0) Bk
04 LY=F—L& Acel | : i i
0.0
01 foii O S—
B
g 0.1 | Y=5—T# Ach! | -
i Lo i
0.0
=
-0.1 . B NN, WU S—
té’u R P R i
- 0.1 .I7E|—_5§§ﬁ Aced | o
0.0 i
01 bessatoesateare ol o
0 50 100 150 200 250 300
12:Be%R(sec)
3 IEMEEOETHRARS (4) &L FBRMOBER
@) BRI ERICHEA LT HLERBIIEER 2 IOR

FHFarAr o a Y AOLOTHY, 25 27Tm, RE
£ 980kN, ZEEE 17(deg), e ABEHIE 194(kPa) Tdr o7z,
ko 3 BTCIEES 2% & L7z, Accl 13V —4—F
B, Ace2 (XY —4# —TH, Acc3 tifﬁﬁiﬁquﬂ%:?&
B LIEERCH 5. I E & AT\ T
FIERLD(A,) & AL E BT D EAR F RS (4, )f'# v
U A 100Hz TEHEl L7c. ETE#HE (X 1.0km/h
(=28cm/sec) T ¥, FHHIBAMAA B 15 % ICAnE S W7z,
4. [ISENEE DR

(ESHEDEIE : 3 EFT CTEEI L 724, & FoRRER o B
&R 3T, ks, FHAMEICHE SHzod v —/3 27 (1
=B SITWA., 3 ALK DIRE & HE+ 25 &
Accl 23Acc2 & Ace3 ICHAR TSR E L, EikoBiE T
FTHIE L TWA. Accl ORAEITN 0.1GTH S

Q) ERARERRES : R4 13) —F— EEick T 2I8%
HGEEE(ZDOWTA L AD B AR, a)lnd Fm ko
22 U7 EEE OBMEE SIS L TRIERFCTH Y, 2D
FARITFER TH D, MEEORKIRIEIAN 0.1G, 4,03
0.15GTH 5. ETHMICHATEATRICES KX RS
BENR LI

v

EEHFROEEMEE AG)

-0.1 J

0.2 U=5"—LEKAccl)

% R D 15 {7 —EBIh T A E MR I

O—/\AD1)L5—:5Hz

0.1

EEARAA)

“.
=015 g]

RIERARIML S (Grsec) [x107]

[x010G
-0.1 0.0 0.1
EITHBOGEMEE A~C)

0.2 0

R3S f(Hz)

a) NSEFE DB b) ElEHUFE
4 ) —F—LEEIZEH T HIEEMEE DT R LS L

Accl Acc?2  Acc3 Accl Acc2 Acc3
Ft5 0.0025 0.0015 0.0017 1) 0.0006 0.0002 0.0009
020!l SD 00299 00141 00165 SD 00297 00156 00092 | |

SEFAE | EEHA |

I
Y —Iﬁ'—'F’;::’ﬂ

\_so—sSx#H |

U -t Y—5—TH

\ [
AN

00
-0.06 -0.03 0.00 0.03
BEMEE A(G)

HO—SEE| |

0.15

e
=%

0.10

/

0.05

0.06-0.06 -0.03 0.00 0.03
EMEE A(G)

5 SEMEEDBEESTOLE

0.06

DICRTRERNIERD &, 4 & 4, Icixthzh
0.4Hz & 03Hz (CE— 27 BRLALD. ZHUFIRERICK S
AT OB OBEREE T T LOEBX LD, I,
LLIHZ IZR. 6D b ')*’NJAXIDELH;K DY TIFLiL
T OIRBCRIC KL DEELEROLND.
() MEEDIEES ‘Hi 3 T CTEHAl S ALz 2
HER AL ANCOWT, BEESHEZME L. B5 I3
SO 1) LIS ENNEE OBMAZ TR Y. LT & TR E
DOFESE LT — F 31101 E)C X > THRUZET

. HAEAOSTIIREAICK L THEERHTH D, 2
HERZESD)TETFME AR AICEBELCY —F— Lk
HBDAcel b REL, ZOEITKN 0.03GTH D
5. FLH

BEOREREN 17 E, HBETEHE CHEIE IS AT
F+HCEWZIFFNEA T DEMBICBWT, BERICET S
BiEoBEEFHI Lc. £ofE, IWEM#EELY — 45—
LR CHAIE T 2 Z LA OIS o T, T bcHRE L
S EE OB TIEIFFEARICHTR L, 0.3 225 0.4Hz £
ICIRIBA Y MO E— 7 BRLNTZ. 5% ik DA E
BRICK W TR BN & AEXHOBGREFAEL, ZEXE
WL FHIEOEFEEZRA LN LIV EZ I TV D.
HHEE - ARBFFRITERL 19 A 5 @R R fish &
BREHEREMRFE)ORGE2ZTERLI-ZLOTDH
%, BRENICEER L B ET
BER : |)FEAAEE [ TAK 19 FEAR  HEERHRRD, JEm

ES, p967. 2)ZHHEEE 0T 19 FER : FHFfRESHRE, 7@
FES, pS12. 3k PB= : $oREHTRR, FIEHARLL, p2, 1983.

2 DOIEEM




AT IR O R & 53 D5 71T RBR

EOAERER BEFEH HUTL

() F@zefmERaMES ERKEOE 2, ER2E EF B
RETERFETER ER2E REE, HF8 FREE

1. IZC®HIZ

BT BB EICHRBHB O R TEICAVLILDE
W REZEE CTH D, TUIT LB OISR SE I35 <]
BEhTRY, ETHOGREZHIETHOIC0TE RS
LT HRERDHD, €T, APFETIE, Hi
OB 2 (B L, EOGETEREZTo -,

2. EBROBE

(1) MEFERID{ER

LT Btk o /R 13 25G O5F O3 THEITER 2T
HZLEBEL, EHO 125 DA —LTHREFH LI, £
DS, T—7 —EEHE, BXOANy T —OfEILE
BOBOMEL S L ARDE)ICEE L, Eig L i
OELMIEEZR 1 IRT, AIROERE ZOMICHD S
WHEIE T — A TG SR L EHEELZ L TRY,
INGOT —LESICOT R = EEY, BH I
SEEHMESFmEZFHAI L, &6, U—4F—EEiomiE
EEABRELT, ETTOBEOENERE L,

F1 EHEIBRICBT2TIEHETOLE

BT Bk
EW 1/25 157
e KE | WE A BE
ki xm) | ym) | x(mm) | y(mm)
TERETR -0.83 1.43 6.5 2.7
b ,r‘gﬁi ; 335 12.42 213.0 198.8
e | — 27—
7 — Ak
& — 420 15.98 5.8 322
. ! 29.9N
aRER 2Rk (252 % T3 747N)
BEHILE 7)(kPa) 101 133
AE1TEE (km/h) 1.6 (=45cm/sec)

HEDERED 5 HATE)IIEHRRER O OERETH Y, fE
(HBREEL O OERETH D,

(2) #HEOETIVE

ETERTIHREDORAR S 2 MEOBERY vy v
T A — LA AW THEIHE A (ER U /-, —D1XEEV FPIS
THY, bH—D0FKE WV FP30 TH D, 2 FEHEORA

RY TLF 7 3 —AIIk L TEFIRBRE (TR,

FP15 TIHERSTFN(g,) & R OBEHE(pya) FF LS,
FP30 CHt ¢,=0.4pma T 572,

() EBRAEXRS K URREH

ERRICHER Uinim MER EERIEE T () FELeHE
AERETFERAMEA 4 2 NIIS Mark-T1 Centrifuge T 2.,
EBROPWEAE 1 ISR L, ERTHOWEZ LRITE

250mm, £ & 800mm, & 300mm T b, EEREFOE
DEBERL =DICBE A I N TRELZBE>TWD, £
OB E T, VA Y —REMFEZAVCTHE Lz, #
TR 2 (R T L D10, HMEO—IEARHEE A B L
24k E, BHOESO 172 OM;MAEEE L2540 2
TR OBEERIIE CERE T 12,
3. EER#ER

— AR TOETEROBRAE 3 (T, FHEAE
2 6 IE &t 7 B SRR R (4,) 2359 0.3 B ORFIZEST
PEEEAS 150mm & 702, Z OFFICEHE 2N ETERM LIC
MEFTLHELEDICMEOEEICELTWD, TO%, i
BIIEREETICBY, (,=1.1sec OIFICEZRH ~EL TV
o BHE L7 ISEINEE I ETFOBEORENICLD
REBPHENL WD, £, EHATEIL FS AHxRKExRL,
RS (HIFIFP o THB LT\ 5, RIFFETH, ETEEN
—ETH D 1,=0.3~1.1sec & fiEF TR & L=,

B 4 (TERETER D EBELGETERICKVNTY —

LEDRB —— M T T T T T [TTTTTT

AhIINL — mo mEEEHAL)

o e

HR7— LB
DOEAE

FS Froct Sorocket PR Front Rter
CR Cecter Roler  FR Rear Fcter
RS Rear Srockat

B - —

280 ! 490 2011 Bt :mm
1 EBELMEREROMER

280mm 490mm 7% 70mm

(a) l‘—”ﬁznﬂ (b) [ rP15s ] FP30

2 tEOEFE (a)—Hti (b) Mhithig

Centrifuge model tests on stability of the model automotive pile driver

Hori Tomohito, Tamate Satoshi
(National Institute of Occupational Safety and Health)

Suemasa Naoaki, Ito Tatsuhiko (Musashi Institute of Technology)



E
E
e
o
ITn:
1
Hg
fahe
8
g
Ko
{2
1
!g,ﬂ;
2
8
&
&
H N\
00 02 04 06 08 1.0 1.2
B8 (sec)
3 EERHER (—HithE)
0.05
0.04 — | [S——
2 (BBER BLRER
§ 003 an —
b / /
S \
I 0.02 T
. i
0.01 mY | ' i IS 1y
0.00
0 1 2 3 4 5
S (H2)

B4 BEHE-RHARD MILERE

S — EERCEHE U7 RIS A O i A R, OB E
BR DT — 7 [(TEEIELANCE SV TERA T — /L OfEIC
BE U7, EREBREEOERICHEA LT 0.5Hz i
C— 2 BR LD ZEND, mOEBRIERER THUT H
BROEHNRFRINTND, %fﬁz?fﬁ ZROND 1Hz
D=7 3EHOR Y MRRAICLHIBEBLEEZILND,
—7%, mOERICR O D 2Hz Hﬂ@ E— 7 I3EHEOE
EARMMICEDEEBTELELOTH D,

B 5 [T HAE S OB VR EFIOWES IS G X D
ZRLIZLDOTHD, ZIT, &HE Wmtéfib
HEOEECRUIELWENMEE R L ER LT, it
BhAE EESR (), TR ESREIE O ERER,)ThH
%, —HFRHIETIE, qu/Pma 3 1 THDHI-DBHETIC
A UDIETIRANES Y, FO7-8, &IOS E K
L WCEREEVRROLNT, BULLESHBRETRL
TW5, E—7 LIRS D R, OfE%E B 5 LRI FS
NERTHY, %l RS IF/h&ieoTnd, ik
BTN U CTRfE— A > MBIV T W7o THh D,
Zhucxt LT, Mg o & Blh 4 i35 & L, 057
ARIITEVA R S, RS T L AW E—2 #RL
ZOSFITISELE TH D, —FH, FS THREKN L5 RS

(b) T
Rs cr T FS
~® i
S :
¥ 005 :
o3
0.00 :
0.00 0.25 0.50
HESTHE R, HESTEE R,
R5 fExEREHESHESOME
(@) —HEihAE  (b) DIy iR
0.4
v @ )
@ 03} F ]
o
@ 02l FR
@ oz i
£
% 01
i
00 { 1 1 " IE{ZL{‘JﬁE ] 1 1 1
0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3 0.4
FEN MBI ESCERDG) R, HMESHEIEORRE) R,
M6 #ESEAOBIMAE L ERIED
(@) —HEibAE  (b) Dy bR
DERICHATIEL, R IBEVEEEIC A LT b,

dek%<ZO®E—7ﬁEBﬂJU%OT}SK@
AL T D A2 ET LI LI K HR2ENH
ncTwna,

& 6 |3 HAh T E O R E(R) & ERER,) O Mk & R,
R E NS BAEICHESSK ITHEONENOEH LD
DT D, RNNTFHE L IEREREE R Lz, S
OENIEN DT R, OFHEIL RIIFTE—FHLTW
L, LdLehin, BHICRKWMEL 525 FS OffEic
HFEHT D&, R CIIE SR IEIEERZE EE)
2% 0.121 r&) DI LT, M A ik 0.235 (28
LTW%, > T, XFFHNBRE—/AHETIE FS OF
P RELRDIEDBRALNIC T,

4. FEOH

(1) 1725 OFUIT LR 2 (E8L U, R O3B TR 2T
ST fER, BEFRICKT DT LB ORI RIENLEE
HynZ EnT&l,

(2) BHHEHhIC A U 2 E B 1 SR g O BRIk I 22
EZFHIENALNI o, FT, EETFEZE
THZET, BEOREEEZFMTELHEBILILD,
3 AMRIIELETBHRFHEEMHDLICEVTES
NERETHY, BREMICHL, MELZRLET.
SEXM DEFL : HITHEHO BERICR T 282
sHHIESR, 55 43 B TEMFERES, 2008, 2)FERE
TEHE#ER-Z2-, F—3: < WITHOZERERE, JIS A
8509-1, pp.25, 2007.



BAEX S WITEOE OEBRRARRICET 528

SWITH & ORI IBEKE

1IECHIC

WA, EMTEARBAEREM AT, <WTELW
9) OERFESENZCEZORELTEY, TORIEEE
OTEHERPEL 2> TWD. RFEOBAYE, <WT
B OERE 2B IE Y 5 7 DI A R O & 28 0
METDHZETHD. ZOL ) BEFREORKEOS L
IR EHEOIF IR RICH DD, FOHFRITIESWIT
W Ny I —ifEE /LN LAEETIHEL, &
DOHEBANRIE S 45 1 TS TR (C8RE5 2 il T b
LT ED2ODERNHD.

AR TIEL WATHO B ERORZELA D = A L%
B O 2MC T 5 H & BRIGER WIS ETERIC L D% Ofig
FEiToTWah, RRETHE, ZUDIGEROGETER
OB ERFA L, KICIEEQR007 F)EDOERICEIT 5
HEESHT 5. FLT, ZORELRF LR EELE
T 5.

2. BmINGETEROME
(1) < LT O /N EER
WITHEER DIZBE 1 IR & 9 ICEHME 125 27

— N CHBELILE NS CERETTEREREETH L.

T—F—, BoEl, Sy TV —EOMMIFEOMIENE
BB L ADEICHBEINTND, EHEEIICE
FAHELBEEoOLEYRICRT.

F7-, Btk E ZOMIHED D RBERE, T— A
TEXHEISNEZRABFLEBEZ LTEY, ThHoT7—24
B OT R — %D ZEIZE > T, BHE@EICE<
BHUESFORENRTREE o TWD, Fi-, UV —4—
WIIEEF ZRE LT, ETTolEoRNE]ES D
ZENTED.

R1 EMEIBRICBT2EEHTOLE

KB L¥ERY F4A£RE8 Ol AL, EREKE RKER,
MWIATBUE NG B Z2mERATIER ERSE B E(,

< OITHE
EZY) 1/25 1571
HEL HE | KE | hE | HE | KFE | SE
L ERRE (ton) | x(m) | y(m) | (g) | x(cm) | y(cm)
THEETE 7.3 258 | 143 | 1024 | 65 217
*E .
- U%_@_ 343 | -1.61 | 1242 | 1077 | 103 9.7
o T —A%
i i N
ul —m 137 | 245 | 1598 | 952 3.8 58.3
= Gx= | Gy= Gx= | Gy=
aEt 553 | 088 | 608 | 303 35 22.5
HEHE A
(kPa) 101 133 (25g 3%)
ETEE .
(km/h) 1.6 (=45cm/sec)

KEOERED 9 LAKFEX)ITRERREEN O OB TH Y, fhE
WIFRBE O OEETH D,

E & B FHEEIT
EHit=E8 £F B

ULMTH/NERMER DR

(2) EREBLLUERME

1R T &9, ERICAWVZFSIEE 250mm, &
X 800mm, & 300mm THh 2. EOEEOEERICHES
ROFEEPERRT DDA H UL TRIENEDHLILT
W5, EITEOEER, AV —RNEMEHEAWTHE
U7z, —IRARTRER S OERHE » iR oLy o7
F+— L THEE LETERETo2. BE 2 (3IFERICHEH
U 7 DR R BRI E 2R3, AR E (R 2.30m,
K 100g OFEEREEZ BT 5.

BEI

LEDIBA —— . 1 [TTTTTT

L MEERAL
] o o

FS: Front Sprocket
FR: Front Roller
CR: Center Roller
RR: Rear Roller
RS: Rear Sprocket

DIERE

K T me
: 400 i
suns ||
71‘7973)/;‘—9 T —h q
VN / 2
m AN, 4 A 300
Acc SO y EAEM | [
.“f'} #oyz| ris *\
S A LT

T

 EARRE
280 | 490 3(7h B

B ELMEREROMER

“A study on the modeling of auto motive pile drivers for centrifuge tests”, Shugo MAEDA (Musashi Institute of Technology), Naoaki SUEMASA
(ditto), Toshiaki KATADA (ditto), Tomohito HORI (National Institute of Occupational Safety and Health, Japan), Satoshi TAMATE (ditto)



(mm)

(cm/sec)

EwnE MEERE GEMEE EfTEE

0.0 0.2 0.4 0.6 ‘ 0. 8 1.0 i 1.2
%38 b5 B (sec)

B2 HEEORRER (—HihiE)

E'é‘zaanuffﬁ&%ﬁ&% (NIIS Mark- IT Centnfuge)

3. WEFHEORKE

(EHFOHRER

FEEEE O EER T, ETHROBEIERTICEE 3-a)

IRBGIEBR LN, ZORRIZER 3-b) ICR 64

D &) WBH E R D BERORMICHEMNEE LD
LEZLND Y. BRERIEBRT = —ICEEINT
W5, ZOKEBEFRNRAT BTy M@l L THURICRE
TOHBUS, BAWBRREAINGET 2. TOKE, Hilek
AL RN RAE L., ZoMEIC kY, #HECIHR 2
IR LD ARETOEEEOKTAR O DY,

ZOMBEASETH-OIC, SEEIIBELHERTD
FBEZOR S % Smm 05 8.5mm (TN S &, EEIC
—EWEEEI Y. FORR, BERNAT sy MR
WY DREEICR ORI OIEEZBIE TE 72, $7-F
o, & 25mm 25 30mm (HEAN S CTREHIE F) % 8
LEE., SMRBOBHEZTE 30T

ETICESSIE

(a) EfTHREEME O WRAIETF CHRREF
FH3 BEHPRKEBREhESE

(2) EBDHE

TERATEICH D 2 EERITEE L 0 F D RS TX
HSIh, OFTAF—URBvfHFohTns.

REAEJE O KR CTIX R KA EL ) < #4157 BEHR : Front
Sprocket(FS) > EER{E A R O ER & B 8 L 20 W HEFRE
WHART/hEL, FEMALNZ., ZORRIE S WITH
RPN R DG TEITT D8I, BREICETI3IRACS
HT EBbholz.

BE 4-a) KHEEEOHRMOILREE LR~ . IEEED
Bk, A7 alry MOEEE & T — Lo HLEhsEEL
TWD., ZO7, ETROBHICAE L H51RNDIAKFE
N &t o THEINB < . FOFE S, Bl 7 — L5121,
B3 ImT Lo “thh” MMiE, shERmEOFE
EICHBEEZDZ ERNbIoTz.

FTIT, AEEITRUNWRBOREZEBN/NSI S
LHilc, [EliEdE 7 — A% Rl EICECE L. RIRRC
T — LABMOREZ M S ERAIEZEDIZ(BEE 2 O A
¢ B). MRBOEHOGAEELZTE 4-b) IRT.

CHICMAT, BT ¥ —CENS T — LORE &
EROMBICOT T =& 122T 274 75—
RICAET LU CTRE MBI T DB ER A M S ¢

(b) KR E
BEHE4 HhBROLEK

(a) R ATE B

T AL TIEbt
(= ]/ (thths)
o KEHE
WEHE — 4 iy
T\(Eiﬁjjﬁ) T (BHEDT>aY)
M3 H#7—LORLhOKT
(3) MR EH D 3E A0

B EROWEEICAE U 2B EERHI I T 20820
HWEOAKTRS, TiabbifThme ERAAmEFHAIL
TW5,

WEEEEL Y — 5 —0 B & TEO 2 58 & TEETER
D1 HFTOF 3 »FTEFHAILZ2, E2BOMBREITT—
SORBRNR LI, 208, 5FEEITY —F—IZk
5 EEZ 2 pETEM L.



4 REREROHEKLER

FEATER T, < WITHBER & FRR AL E D & Nk S,
WICEFEETSED., ZOMEICET HERET 15cm 2
ETHD. O, B ITEmEAARERHE EICfET 5.

Pt TARBIE T, EITIRBED 15em LD T — 4 %
fEtrxtge s Ui,

(1) EEMEE & BRI OR®

B4\, IEEMEREOETIH MRS & FERA T —IIC
BmELORT.

REAEJE L A4EREIC46E LT, [RRRER 2.5 I
TRBZOBRENENL TS, ZORITEFETEMT
H7. WAL, EEEOGZMEEL, Bk
% 2.0m/sec’ DIF TN TV ZOIZH LT, SHEET 1.0
m/se? FREEICHIA LTV, ZHIIBEOKRICK - T,
SUWFTHBIEERNE, KW EFMRETVAREICo722 &
ERLTNDEBEZLID.

I R
11 2.0m/sec’ J‘
<0 q AVM$V\/wNm i
o} 1
< -1t 1
E ]
B2 e
ig,ﬂ 2r —— 20084 EF—#
= 1t
&P 1.0m/sec’
2 o WWWAMM
_‘ =
_2 1 L
0 5 10 15 20 25
285 (sec)
4 REILEE L BBIFFEOBFRERIRE)
(24g, —HrihfR)
(2) IS & INEFE DELEN

B 5 (HSEIMEED x FmGEITHM) & y HR(EAH
) OB Z R Y. MEEOMBRICIE LT x HFrms o
ERRESHNATHD., Zhud, < WITHEERNAESR X
D HEMZRICKESBENRPROETLTWVDEW) Z 4%
ARLTWS.

FEAC BT B &y HRIOIREIEE LR E Z0E U T
B o, LA L x FROISEMEE XL 172 (2
LTWa., ZoOEDE, BHRSCEMR 2GR LIZZ L
LW ETOEEEME L2 THEEEZLND.

=% 7
—— 2007 ‘

-1l

0.6m/sec® |
f [

1

i | 2.0m/sec’ | Il | | i
§ 1.0m/sec” T

e

=1 0

1

A (m/sec?)

A (m/sec?)

E®5 xAmEyARDOEGFR

(3) ENEORERBIFE

B 6 [XREIMEEE 7 — U AT L CR D T IRIE A
7 MO B RT

M EBRTIXITIE @A L EAEEIc 2 oo E— 27 R/ 6
N5, 12 2Hz fHECH Y, © 9 1 20F 0.5Hz 8T
Ho., ERFz—rOEr HERE 6mm & EITHEE
30cm/sec & W R FE DA 25¢ IHOMPIAIZ B E L TR
FLRAEEN 2Hz THDH. - T, 2Hz fHhEDOE—7 1%
Fe—rOMMEEFNR ) ARXCLDIbDEZEZ LN
%. —7, 05Hz TIXEETICKIT 2 WITHOBEE
R LTk Y EAMNZSPHFBICEEL TV,

1.5 :
— 2008
. ) '\
2 10— Iy —
N i !
p \
r<< Ny
gl Yo,
= | 1
¥ 05 — et
[
I | ]
i ; {
iy in,
AL M VAV
\ » 7 \-,\V_Jv ' v \
0.0 -
0

2
[EiE#(H2)
6 BRHEREARY VAR

(4) BHiEthEHOLH

7%, REEEICHIE S BlliTE & & Bl o
FEANTEE TR UERTH S, Htdhi I8t £y, %
WHIBEHIUE W A AEIE OEBRER)THD. ZIT, B
HWEASHEE £ 1X, FEECERT HRED LT
NEFEnENEL L, TOHEEL2BIENOEF TBRL
FEDZ ETHD.

E— 7 LRSS DR OEE A D ERIND2EFRHDOE
B TH D FRMBFEKRTH Y, B/MEHEIO RS &g > T
Do BEF—A2 PO TWD S WITIE T, RETE
OHEHEFES) D THRK R, R TI1ET TH 5.

0.15 T T T T T

~°0.10 F

A EHR

0.05

0.00

0.0 0.1 0.2 0.3 l 0.4 0.5
BIBENHHEIAE R,

7 HEMEHREENSHFLORR



LMWL, FSIEFR &0 H/hE<HNATRY
WITRER H > 122 LD, £ ORIE & ITRTROE
Y, Hii 7T —ADORLMIEVECTEHEOTH TH-
-, FOize, BEET7T— L L0EICSKELHE L. 8
X, FSICH\T DBEE A O EBR(E & JIS EHENC L v &
H U 7= FRRG i CBR L7 R, COBEN &=+

R21E, TS EKECEDLNZEHIEAOSIEE
RREHOEGREZRT. SEOFERTROE e (3 1.8cm,
E&dIE ld4em THD. d6 13 23cm L742DH DT, e<dl6
OBFEMREY Lo, ko T, £RWE P OEAMEN
e<dl6 D & & DN E V-,

2007 EEEICIE, HAEBNIAL, EICIHELOENRKEL
Rohsd. £7-, FHEIT 0765 THYEGRMBELY b/
SV, —F, WELH LT 2008 EEOT — 4TIk, o
OWENHRL 72 & &b, FHME 1.027 &Y HEaiE
IZIFIF—F L.

> T, IRICE > TAEREB ZEZB ORI M
F¥o b FAlEORERMELEZEBZbND.

R 2 BEMEHOHFLERENOREFRN

EAWEICLD | ETHEP O | WETENORKIE
HEHUIE 1537 femfm | (7D ERMEC)
kfd/zﬁpk a2

< TTT i e=0

! i" Y"E v O']ZO';_:P/bd

L P

| L P6eld)
" i ]
N e<d/6

| [ ]
mﬁ‘vv v " H k& o = P(1+6e/d)
i* ” O'1=0

mj—i\ 3 ' NEl e=d/6

Ty J 2 0,=2P/bd
a2 P

‘,d/\z "F b e>dl6

Yl 0,=2P/3bc
Y “’2
| ~Y c=d[2-e

o e=d3 0,=4P/bd

0.12 T T T T T T
2007 2008
0101 RvFHIE 0765
BERE 0142
,0.081
-~
ﬁ( 0.06
= 2007
% 004} 4
/
0.02 - =
/
Ve
000 1 ~ . Il Fi 1 O |
02 04 06 08 10 12 14
HER(E/TRERIE R,
X8 FSmigthEHD sk
5. E&H

WO B EFBMEFHOLMCTH I &AM, &
DIGEITER LT/

FEBRERICILRRRZ#HC, ISEOIELOEMRALA
HEELIE, HOFAEIHFTEOTHNELTND
ZERSol. O OMBERERET D0, £
BREAC s A LTz, EOFER, FEoOFEIRMENEE
FTHEELIE, FHABEZRAETELZ ENRGh o

6. #iEE

ARBFFRIEERL 19 FEEA S BA EHRE MBI &5
TEFEREMEEEL)O R & Z - EaRE [T
AR O EERS LB D WFZE(H19- 55 8 —fi%
-005)) WCEWTHELNWIZHETHY, BUREMICKL,
TIKHEBERLET

1. & Xk

1) FiREE, £F K B B0, RBER, FHBEET:

BT B o /)RR 2 F N 72 B EEBROFHE, 554 [
HE TS BRI KR FHE, pp375-376, 2007.

2) EF A EETHEA KRR OERE LIRS
L%, BASBEARFMAEWE S ML LEERE

IR EE TR 19 FERIESIBRES, 2008

I B, EF R, FREZ, RBER : HUTHH

BRI O (ER & 5 EIT SR, 6 43 BIHUE T2 RS
£IMEELE, ppd3-44, 2008

4) EF MR, B BEXHUT LR o (B L=
DIGEITY I a2 b—ra v, 8 63 BIEREMRESH#E

WL, pp243-244, 2008

5) ERETERM-Z2-, F—8: < WITBROZERFIR

JIS A 8509-1, pp.25, 2007.



H A C WITHBERUZ 81T DATNE BALE OBV EITEENC G X 528

UITHE ROHUUER RREE

1. [ZLBIZ

HAER S WITHE S, M RSPE#TEIHV L
HZRBOBETMARRER THD. o T, Z oL
ERNC R E R HE D ETOEEERFERSIND. £
DI, HZ OB X HBESCERHRV TV S,

< WITHER O BRI IR I B2 RENRENI CTED L
NTND DD = DA+ D & REE LM
ET D GO0, FHBEHHRIZ OV TITAREERH ZFEE L,
VB IF R HOW TR TR WORBIRTH
. EHOIE, WITERORE A 1 =X L EH LI
FHTHOIC 125 A — D < WTHEEEI 2 (R Ujg s
BETERZIT1. TLT, GOIMEEERET
FROFMER LI LTZE 25D, < WITHER OFETTIFZE
I EBO S WITHR S IRIFE LVASHTER LTV D
Tl aERT D E L bIT, ETROBEORNICIED B
HUENZEAL 2 ERANCFIHIT 2 Z EBFRETHLZ & %
B &2z L7 99,

AL, FA—ZEEICBWTRRLZELE INE
Z BT WTHED B EREFEIC DWW T, @05 ETHE
BRAAT 1D TEDFERELRETD.

2. ERFEHHBIUERAE
(1) < LTHMER

B 1SR L 7  UWTHR AR 3. 2 OB O fr
1, BHEENO T — ASICOTHT — DB 5T
ETRFO BN AER T HWEOFRNR TR THL L LY
12, U—4— EEICIMEER 2R E T 5 Z & TETTO
ROFEBLMETHEE oo TV D O,

(2) thiEDETILE

TR H% | 3R D 7 L & T o — A FE p=61kg/m’)
ERAVTER L. UL 73— AOTRERELZAL
MMET Do, REDRREIT o7z, MBRITOT 724l
TITV, WAHEELIE Imm/min TH 5. RERICH W Z#
MHROIIRIZRFE 25mmX50mm) ThHD. 2 (Z#k
A ST IOBfRE /R LTz, LTI s/D 13T =
) ZHHROELD) TR LIZMETH D, dEmuIH T
s/D BEICH D g 8T RE L, ERNRBERS
b, LI ZoFRICITEMEN RO, iRy —
ZIXR B T ERTE O 2 OO OB KA R
X¥N q EEHFTDHE, FRIMW o Ly o7 — A
ORBIRIAF /11149 100kPa & 72 5.

() FEeetERaNER ERSAO | F-
() FELeFEARANED ERRE £F R
K L¥ERY FARER #iA AL

st MWHE
7

%; —

50

(mm)

T RS = < LTI AR Y

300 , ‘
1BPR 32 4¥ 71 .=100kPa
250 !
5 LT
% 200 //
E 150
% 100 //
ol 7 [BRORREHE F—
0
0.0 0.1 0.2 03 0.4 0.5
LT s/D

K2 93y I74—LDOXEHHBRER

() REBROWME

B 3 1R ERICAE I U 7o DR S8R 45 1 O 4 7R T
BRI OBIFITHEHZEN G A Y v 7 ) U TN L TERT
179.
HOGETEROMELR 41 Lie, FBRTHW:
Z IR 250mm, & & 800mm, & & 300mm THDH. &
DEEEORIRIAE D B OB R F2DIB i T 2 Y
NBORBEH T TRENELIL TV, FEROAETE
BB RT L e v A v —RENFH 2 AV TEH L 7.
EATHEBIE, FrEOEOILEE 5 2 7-%, Bhrfail

Influence of running behavior by difference of additional weight position in automotive pile driver model

Hori tomohito, Tamate satoshi (National Institute of Occupational Safety and Health)

Maeda shugo (Musashi Institute of Technology)



HINZGEV EEER) 35cm/sec TREIT W7o, EITHOBEMES
TIIEEFHC K > TEHAIL, BHICER - o8 LR
EE & B AL Y (T 0B — I KW EHRT 5.
fs, AW CIEE#BOA A AT A &, FS(Front
Sprocket), FR(Front Roller), CR(Center Roller), RR(Rear
Roller), RS(Rear sprocket) & £ L7=.

B R AR SR DT, BT A RE R
EREL LT DKEREREO ETREES ELEBTDHL
DTIRITFIER LRV ERELTWD. ZIT, KE
JE S L, R E S EER ST OIGEE L AWEEK
DT ETHD. AMETHE, ZEESE, 10 8, 15 ED

3RO THINEEOAIE AR 1 12577 & 835mm,

140mm & 2z CEITEBREZIT-o 72, KRS ket
AEEL, KELEMSEZ LT D,

KRR 2R IORT, mOEREREE T, Bk
R L CEO DI S 72, (AN EALE O
EWICE WV EMT2ROINEENRR R D, 20, %
OERBFEELHNEEOEZZEN L, =OILE

‘;\ Ay TG

2.2m —

B 3 EOMERIREREE DOME ©

BpH I

o MR
T

ST

280 ﬁoﬁ“ B mm

B 4 FEMGETRBROME

L—ﬁuzmgak———__tﬁ%m

FE I A HE RN 7 L &7 v 7 4 — A ORRIR 3 % 550
)7 B 12 28R 1.5 TR L7 (67kPa)lc—3% 9D L 9
WA LT,

=1 EEREH
WEE | BOMLE | INEER | =O0IMEEG)
= 150 14.5
15 J&
= RN 220 12.0
= 440 9.0
10 J&
L K 560 6.5
. F 980 6.5
5 &
T 980 4.5
3. RRER
() EMEE

B 5 1 ZSENMERE & B OERE T LI O TH
L. BURLET—41F, TFEETHEOLOTHD. {H
[EERA T —MRE L0, SHz O —/3A 7 ()b
=%l T/ A XA&BRELTWS. RI—FEEICET
LISEWE 2 s 5 &, IRELOISENMERE SRR
TVMETH D.

3 T

ST ]
1 i ;
0

ISEIERE (m/sedd)

2 ) s 6 8 10
$21@RFR (sec)

B 5 [SEMNEE DRI E

B 6%, THZNOIRENEE % &5t Uiz fE R
THhod., BEOIBOENTENRLNL, &GELTHIGE
0.7Hz fHEIC BB SR R s, —F, {REL T L
~2Hz (HEICHEE A R oD, LN LARRL, #%
OB LT, EEROBEIEBRS ZE AT
D HUEE DRI OEENRTER E RbID. 089D
12, EOLE O CRBEEICEN A UZRIKE LT,
BHEE—2A Y FOERBEZ LD, GELOHBAL, 18
PEE— AV PR E L RAMIICHE AR EN, R



FELOOBETIE, HAMMICEENMENT-ZEBEZL
ns.

RN e e g
S~ -

L
T T

—-— BB A

ElRER (Hz)

B 6 F5EINERE D RE R ARTIER

(2) BRICIERT HiEE

X 7 ICETROBHICIERT D EIE ) & KRR o
R % R Lic iR e RE R AT, RIond7—2
FEFETIICRIT 2R TH Y, IWEMEEOFER L
RIERIZ, SHz D —/RA 7 4 /¥ —%fi L TWD. JBH
WAER T HEHIE ) & el d 5 &, FS (Aidm) ((ER
LEFEHENKE S, CR (TR &, RS (%)
IHIEEFESE LW, F£72, CR IFEBEHIEOEHEI/NS VLol
%L, FS & RS OMgEUIKRE V. Fiz, (AN FHEL T
W28, ETHEOBKORBITEIEZICAETTND I E
Nhnd.

T
RERI0RE —FS
BED —CR

EMEH Pa)

FEBrFE (sec)

®7 ETRHOBRFITERT HHEMEND

X 8 (IEHIE O LT 4R, 22T, SEEHTICk
L EEMOBFMED LA BEHIES RIS L EHRTDH.
HEATREIA WK U CERS TR 21T o272, B8 (a) i
NUTREE 15 EOFENOBEHEN &S 4 L

THE, BOMLEOBEWNCEDEEREITR LR,
FHIZH LT, B 8M) IR LEEER 10 T, KE
DO FS OEMENMEIRNKE L, D ORWFEIIZY
LTS, R8O IRLIZETEE S ETI, £0EMN
FEECH D Z LD, ZHUE, IEEIEEORER L
[FHE, 1BHEE— AL POBEWNCL OB THLLEEZD
o,

& 2 |2 FS OBHIESTREIG Ol & IEHERZE L R
T ENTNORERELEST DL, REEI0EE SET
it IO, EEREEE LDIRELOENPKREL 2T

0.10
RERE 158 —FS
EED —CR
0.05 ==RS
~r g
Ed AT M”“\,\__A
B 0,00 perme e N
:{é (a)
0.05 Jur
/« I
- ™
0.00 - D
0.00 0.25 0.50 0.75
EHENDHEE R
0.10
REE 10 —FS
BEL ——CR
0.05 == RS|
~® 5
ot i &S
#% 0.00 - s
r D (b)
=
0.05
‘“""“""‘}f/h\\)c“
0.00 ~s
0.00 0.25 0.50 0.75
EMENDHENE R,
0.10 T
REME 5 ——
BEL ——CR
0.05 —— RS
Eed o 2\
B oo e 1S90
R BEED] ©
i |
0.05
0,00 e f'\“\ s o

0.00 0.25 0.50 0.75 1.00 1.25 1.50
EHMENAHEIS R,

B8 HtENREIE D EHSHARITHER
(QREEISE OREEIOE (O)REESE



WA, TRICRUT, ZEE 15 BEOFRICOVWTIE, &

DPLEOEWC L DBEELREIR LMW LD D.

:@*&me,i*WmﬁTkﬁw BEE—AL D
EWEHABERIM A0, RimOBHIER L OBHE
Kﬁhﬁ‘ﬁ%<7&og}:iﬂ‘ﬁﬂ&ﬁ Iig oz,
LIEDORERENG, BHREEERALTH-TH, &
DPEBDENC L T, WITEBOEITRZENCE 2
HEBNWERDHZ ERHALNI -T2, SH%E, IOR
HTF =P OEBEBEETH L L bio, BEE—A L ML
EAEBHOEESEICSDVDTRETITETHS

&2 FSORBESHEGOTHELRERFE

RERE EAMLE THE | EEREE

&L 0316 0.088

15 &
- &L 0.230 0.042
E=AN 0.290 0.081

10
- & 0.510 0.105
TR 0.409 0.113

SE
& 1.108 0.992

4. F&&H

1) R—REETHNEEOMBELZ TS TELMEE
ITERET R, BEIMIEOEWCE->T, ER
BRICESR L.

2) ISENEE & BT LR, sELOOBAIL,
BRSO ERBEL, Kt BELOBE, EH
R ERNE T TV, T, EEe—2r o
BWMIELOZEBTHLILEEZLND.

3) BHCERT AL U7 R, ISEIEEE O
R LA, BEODOMNBEOBRWZL VEELRENR
L, BEEOETICMHEN, 7y bbb —TE b,
BHEEEFPRESRDHDIEBBALNMIR T2,

Bz $Mni$ﬁ19$§ EHHREMAE NS
(FHRSEERAMETE)ORM &% - HFEiRE
f%%l%%k“@%@ﬁ@%&u%#éﬁ%mw&?
B—%-005)) ILBWTHOLRERRETHY, BERENIC
ML, TTIKHEERLET.

SE R

) ZRARER 1Tk 19 FER, FEORESHRRE, 7
{BFAES, pp.967.

2) ZREOEER IR 19 FER, HERESHBE, 7
BWES, pp.Si2.

3) EN-791, Drill rigs-Safety, pp.11, 1996

4) EFLH  PUTHHERO BRI T 2EHEEHIER,
% 43 P TENMRRRAFERERE, ppdl-42,
2008.

5) W B, EF B, CKRER, FEE T
BRI OMER LR OB EITER, 85 43 BIHUE T FERRR

REFKEBE, ppd3-44, 2008.

6) HEf, EF MR, ENBHEE, WAESE Rl
R EERAEE(NIIS-Mark 11 Centrifuge) DR, EEZT 2
T

&, NIIS-RR-2005, pp.57-74, 2006.



CENTRIFUGE MODEL TESTS ON INSTABILITY OF
AUTOMOTIVE PILE DRIVERS
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ABSTRACT: The automotive pile driver is a piece of large-scale construction
machinery. This machinery is used for ground improvement and foundation work. In
recent years, there have been some reports of accidents in which the machinery
overturned. In this study, a 1/25 scale model of an automotive pile driver was made to
clarify the mechanism making the pile driver unstable, and centrifuge tests were
performed. The load of each axle and the behavior of the model were measured in a
centrifuge test. The grounds used with the model are two types of urethane foam with
different strengths, with conditions imitating the uniform ground and non-uniform
ground. As a result, the response acceleration did not have a significant difference due
to differences in ground conditions. On the other hand, the effect of the ground
condition was different in the axle load, and it was possible to evaluable the instability
of the automotive pile driver when self propelling.

INTRODUCTION

The automotive pile driver (hereinafter referred to as the machinery) is mainly used
for the foundation work of high-rise buildings and ground improvement. A photograph
of the automotive pile driver is shown in Photo 1. This machinery is frequently used in
urban areas. Recently, there have been accidents in which this machinery has
overturned. In cases where the machinery topples, the risk to the lives of workers is not
only a problem but this can also block trunk roads etc., having a great impact on society.
Investigation revealed that overturning accidents of this machinery often occur during
relocation to another pile. There are two factors in the background of the overturning of
the machinery. One is structural instability stemming from a high center of gravity, and
another is the ground where the machinery is set up being too soft. It is necessary to
conduct a quantitative assessment of the fluctuation in the ground contact pressure
while the machinery is running.

In this study, a 1/25 scale model of the automotive pile driver was made to clarify the
mechanism of the instability of the pile driver during self propelling, and centrifuge
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Photo 1. Automotive pile driver Photo 2. Automotive pile driver model

tests have been performed. In the experiment, the behavior of the model when self
propelling was measured by installing an accelerometer, and the load placed on the each
axle of the model was measured to investigate the instability of the automotive pile
driver.

This paper presents the safety factor of bearing capacity that is necessary to prevent
the overturning of the machinery.

OUTLINE OF THE AUTOMOTIVE PILE DRIVER MODEL

The automotive pile driver model (hereinafter referred to as the model) was made by
referring to the machinery subject to overturning accidents in the past. Table 1 shows a
comparison between the specifications of the actual machinery and the model. The
gross weight of this machinery is 539kN (55ton), and it is medium-sized in terms of this
kind of machinery. The centrifuge tests were conducted at 25 g. This is the reason for
the 1/25 scale mode. The positions of the motor, reduction gears, and battery of the

Table 1. Comparison of the specifications of the actual machinery and the model

Automotive pile driver
original model (1/25 scale)
Center of gravity Horizontal x(m) | Vertical y(m) | Horizontal x(mm) | Vertical y(mm)
Lower part (crawler) -0.83 1.43 6.5 2.7
L body * leader 335 12.42 213.0 198.8
auger * etc. 4.20 15.98 -5.8 322
Gross weight 539kN 29.9N (25g in 747N)

Ground contact pressure (kPa) 101 133

Velocity (km/h) 1.2 (=33cm/sec)




model were designed relative to the machinery in terms of the center of gravity. The
weight of the model is 29.9N. In a centrifugal field, the weight of the model is increased
by up to 25 times. As a result, the ground contact pressure that acts on the crawler can be
reproduced with the machinery.

Feedback control of the rotation rate of the motor was carried out to make it possible
to hold a straight line. The velocity of the model can be changed by exchanging gears.
The model is operated wirelessly. The stability angle of the model can be freely changed
by changing the position of the additional weight. This is because the additional weight
is loaded into the construction machinery (auger, sand compaction pile, etc.). Ground
contact pressure was measured on the crawler by putting the strain gauge on the arm
part of each axle, which has a cantilever structure. A calibration test was carried out to
investigate the relation between the load and response of strain. As a result, it was
confirmed that there were linear relationships in the load and the response of strain even
if 300N (30kg) was applied. In addition, the behavior of the model was measured by
putting accelerometers in three places (upper part and lower part of the leader, and the
body). Photo 2 shows the automotive pile driver model.

MODELING OF THE GROUND
Material

To obtain basic data on the behavior of the model, urethane foam was used for ground
in the model. Two types of urethane foam with different strengths are used. One is hard

FP15, and another is soft FP30. Table 2 shows the density and hardness of the urethane
foams.

300

EF|P15(qU=1'25kPa) ' “
_ —-— FP30(q,745kPa) || e
Table 2. Density and hardness of & T i //
urethane foams o | e ‘ ‘
Density Degree of % Pl \ L
hardness £ ‘ L
(kg/m’) (kPa) 2 A | /
FPlS 61 139 [ grc‘und culvt;ct pressure of the lmnde| ]
FP30 28 50 00 011 ofz 0.3 0.4 05 0.6

subsidence ratio s/D

FIG. 1. Bearing capacity test results

Bearing Capacity Tests on Urethane Foam

The bearing capacity tests were performed to investigate the strength characteristics
of the two types of urethane foam. This was examined using strain control and the rate
of loading is 1 mm/min. The size of the loading plate used for the experiment is



25mmx50mm. Fig.1 shows the relation between loading stress and subsidence ratio
(s/D) in which the amount of subsidence (s) is divided by the short side of the rectangle
(D) of the loading plate. The g, value of the intersection of two tangents in front and
behind the winding point is defined as the ultimate bearing capacity.

The ultimate bearing capacity of FP15 and the ground contact pressure of the model
are almost equal. On the other hand, the ultimate bearing capacity of FP30 is lower than
the ground contact pressure of the model.

TEST PROGRAM
Test Apparatus

The test of the performance (operation) of the model was carried out in a centrifuge.
Centrifuge testing was performed at the National Institute of Occupational Safety and
Health, Japan (JNIOSH). A photograph of the NIIS Mark-II Centrifuge is shown in
Photo 3. This apparatus has an effective radius of 2.3m, and the maximum acceleration
of gravity is 100g. This is a medium-sized centrifuge compared to others in the world.
As in other centrifuges, it has a main shaft, a drive unit, two arms, two swinging
platforms, a signal and power supply interface and a control box. However, its arms are
asymmetrical, which is its special feature.

Fig. 2 shows the outline of the centrifuge model test. The size of the soil container is
920mm in length, 465mm in height, and 450mm in width. To prevent the wind from
influencing it when experimenting, the whole unit was covered with a windshield cowl.
The velocity of the model was measured with a wire-type displacement sensor. In this
study, each axle was defined from the front wheel as FS (Front Sprocket), FR (Front
Roller), CR (Center Roller), RR (Rear Roller), and RS Rear Sprocket).

LED Light — gr177 i o o e
windshield cowl —.

Accelerometer

T M | o (Accr)
leader —_
400
FS: Front Sprocket | |
FR: Front Roller
! CR: Center Roller
Strain gauge g ot RR: Rear Roller
|| oy &
sprocket — | 1
axle | L -
) cushioning —1 |4
| " =
¢ Soil container — |
otentiometer ; iy :
. 4245 i ]
. L 140 | ‘( —Acca 300"
L - |/ I | b
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= _— Model ground \

Lquauing sectiomn}—imnning secﬁon—-‘_m
490 30—

unit:mm

Photo 3. NIIS Mark-II centrifuge FIG. 2. Outline of the centrifuge test



Test Condition

The stability angle of the machinery should be five degrees or more according to the
standard of Japan. In addition, the stability angle when running is ten degrees or more
according to the British Standard. Therefore, the experiment was performed on the
condition of a stability angle of fifteen degrees.

The model grounds are the two types shown in Fig 3. One is "the uniform ground" that
using F15 and imitates the ground where strength is uniform. Another is "the alternating
ground" using an alternating combination of FP15 and FP30 in bands 1/2 of the crawler
length, and imitates the non-uniform ground. The model was made to run after
centrifugal acceleration had been increased up to 25g.

280mm 490mm 280mm 7 % 70mm
Running section & reis [Z] Fea0
(a) Uniform ground (b) Alternating ground

FIG. 3. Model grounds

TEST RESULTS

Typical Test Results

Fig.4 and Fig.5 show typical test results of the uniform ground and the alternating
ground. The data shown in figure is a result for after I50mm when the entire band is in
the running section. The velocity of the model was constant and it was about 30cm/sec.
The acceleration shown in figure is the direction of travel. The acceleration data in the
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upper part of the leader was defined as Accl, the lower part was defined as Acc2, and
the body part was defined as Acc3. When accelerations are compared, Acc2 and Acc3
are almost equal regardless of the ground condition. In contrast, Accl is slightly larger
than others. It was clarified that Accl was amplified by the leader. Meanwhile in the
result of the axle load, the load of the front wheel is larger and the overturning moment
more impactful than the rear wheel. In the case of the uniform ground, each axle load is
almost constant. On the other hand, in the case of the alternating ground, the increase
and decrease of the axle load on the front wheel side is especially large.

Frequency Analysis of Acceleration

Fig. 6 shows the result of the Fourier transform after conversion from the model scale
into a full scale. The dominant frequency is seen in about 2Hz for both the uniform
ground and the alternating ground. This is an influenced by structural unevenness of the
crawler. In the case of the alternating ground, the dominant frequency is seen in about
0-2Hz. Therefore, the model shakes for a longer period.
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Frequency Distribution Analysis

Fig. 7 shows the result of frequency distribution analysis of response acceleration.
The frequency distribution analysis was carried out in 0.005g steps. There was no
significant difference when the uniform ground was compared with the alternating
ground. As mentioned above, there were no differences in the results of the Fourier
transform and the frequency distribution analysis at the response accelerations.

Fig. 8 shows frequency distribution analysis results for the axle loads. In this study,
the load acting on each crawler is divided by the weight of the model to define the load
distribution ratio. There is little subsidence caused in the crawler because the ultimate
bearing capacity of the urethane foam and the ground contact pressure of the model are



almost equal in the uniform ground. Therefore, the maximum relative frequency of each
axle showed comparable results. On the other hand, there is a difference in the
distribution shape of I; when each axle is over alternating ground, and the front axle
load is distributed widely. For that reason, the influence by the effect of the ground
condition at the axle load where strength changes periodically appear.

Fig.9 shows the comparison between the theoretical value and the experimental value.
The theoretical value of the ground contact pressure was calculated as established in the
Japan Industrial Standards (JIS). The numerical expression is the same as in the British
Standard. The mean and standard deviation are shown in figure. When the means are
compared, the theoretical value and the average of experimental value are almost equal
for both the uniform ground and the alternating ground. The error bar indicates two
standard deviations (26). In a comparison of the uniform ground and the alternating
ground, the standard deviation of the alternating ground is larger. The short-term safety
factor of the foundation work is 1.5 in Japan. In addition, the same safety factor is
adopted in CIRIA. For the biggest FS of the axle load, both the uniform ground and the
alternating ground fall below the safety factor threshold of 1.5. Accordingly, it is
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thought that a safety factor of 1.5 is appropriate. However, FS and RS, tensile force acts
on the crawler part when running, and bending-torsion force acts on the axle part. This
is due to the effect of a structural problem in the axle part. Therefore, there is a problem
where this is underestimated compared with the actual load. There are plans to improve
the structure of the axle part examine it in the future.

CONCLUSIONS

The following conclusions were obtained on the centrifuge model test results performed
on two types of the model ground:

(1) The acceleration did not result in any marked difference due to differences in the
ground condition. On the other hand, there was a clear effect of the ground condition in
the axle load, and it was possible to evaluate the instability of the model.

(2) The average of the experimental value of axle load was almost equal to the
theoretical value.

(3) Two standard deviations in the frequency distribution analysis of the axle load were
for a safety factor of roughly 1.5 or less. Therefore, it is thought that the safety factor for
the bearing capacity of the ground must be at least 1.5 or more.
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