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Evaluation of Slipping Motions of Brick on Horizontal Vibration Table

Katsuhiko SAITO, Masayoshi KUBO, Naoto TOMOHARA and Yusuke KIRITOSHI

The effect of the countermeasures against cargo shifting should be cleared by the indoor
vibration tests. But the evaluation of the countermeasures can not do quantitatively by the chaotic
nature of cargo motion in response to seismic motion and external vibrating forces occuring trans-
portation. The basic physical model tests using an ABS brick on a horizontal inertia force are
showed by the results. The three new parameters that can be imaged the difference of the time
series of the slipping motion are proposed. The mathematical simulations are also done, the differ-
ence of the motions is calculated by the non-determinative friction factor varied on slipping veloc-
ity of the actual brick. The scattering calculated results of the chaotic time series of the slipping
expressed by the proposed three parameters are almost similar to the experiment physical model
ones.

Keywords . vibration, slipping motion, friction

NRLZ A X REROTWBNRFIEG R ORI FEIL, IRBRBRICL > THEIZSNAZRETHEDHD
O, BEPORE - HFELLICL > TBI2BWOBEICIEREI L2, EEMBIZZOHEE
FMHTAHIENTELRY, £2T, KL TIZ ABSEoOMRELER L T, KFEIESHER LTV,
FOEBRIVBONIBRVWICEBREO 2 WEMEL TV EEH Y, HILZRELAL3 20T
A=FIEoTERBELE, T2, REFEBRTHW MR EOT ) EFIKET AEENLER
LBt EIC L ) EBROTRDEFHOES > E3EMH2BERHATELI L 2HREL,

*—7—F D iRE), $D)EH), EHE

1. BUBHIC A, TORREEENIEMT 572D DR

EHHRE T v o7 AR AUBH 1T 3R 0 SRl Bk

BRR-VHETEBRENZ LY A X FE & LT, KFEHERBCRFREIEZ S
Y., BkPoORE - HERICLAERNE WS RBAGERLOL I ICHRETRE,
27010, STLERMEIENLY BRELITEAV, JOHEHBIF, LIS T

A ERAY (T658-0022 LB Mo #k X E/LR T 5-1-1) : Kobe University of Mercantile Marine, 5-1-1,
Fukae-minami, Higashinada, Kobe, 658-0022, Japan
EEBRBUOIRT 1 v 7 AKX SH (T151-0073 HEEE S X EIK 2-1-6) © Mitsubishi Electric Logistics Corpora-
tion, 2-1-6, Sasazuka, Shibuya, Tokyo, 151-0073, Japan
A RS KK BB AR I SRS AT AR A M IR S A 7 A T F I Division of Transportation and Informa-

tion Systems Engineering, Master Course, Graduate School of Maritime Science and Technology, Kobe University of

Mercantile Marine

— 369 —



KFIRBFE LD XD BB OFFMHIZ O T

yEhizazy bu— FOBANE S, /-
BTN S 228t T A5 HEZFOD O
PRV ENTWEWDOTHIEELZLNS,

Ly ATy TBRE— VEEIIKEIRE O A
b o>TWBEEETH, BR—-VEIRE
WEAKRTE o720 ERICIIEBRDNR
HICE LR > TWAREEZONLD, HA
DEAR— VI~ FEOWE Y 7213 T2 < 3K
T2 EE 2R T2 AT NF TOERIC
Lo THRINTWRY, $7:, Filhxie
CF O & OEENC TR RG22 HEME A
WOT, HHNIZET 2REHEHED 57
A TN HBEOMFEERKTRASLTY
Y OHT, MRN~ELRDOME L OF
DME X 2 EEIFHET 5 Z LI T
/3%

Z TR TR, EBRIICE &G TR
BERLIT-> TORRVNZBREO WY
ROT) ZEEFFEET 2IELIREL, E
BB L UHERTEIC L W B s Phko4x
VES [0Feh & | d =W

2. IEEVRBREIE

FEEIZBWTERAMESDH . 37X EH)IC
L5 TNEOHILDOEBP L WEEZ LR
%, ABS B BE B 0 E 5 RN B A A A
L7z, IRENEEREE DIRENIAT 1 HH), &
WS Hz OBIREN & L, IREYINEBEIRIGE
06G. 08G, 1l0Go3EHL L, T7-.
A DEE T Fig. 1 IR T X 9 I25R%HIH
22 RoUEENIBRE L, A0 ) 2Ehid
2DFT v A= ICXEHIT AL L BT,
IRBABREEE (S A R ERHIC X Y
HEBREEONEELXEMRIL 72, EBRIZIDD

m—4 4 X, HEoOHfRAEIZOVWT, Fh#
Nl —fREIREN &M T 10 M2 24T - 72,

)y
PC 2D-Tracker
CCD Camera

/ ()

Acceleration Gauge

Data Analyzer

Oscilation Simul:

Fig.1 2-D horizontal vibration test of slipping ABS brick

Fig. 2%, H—offtifFicowc, F—&
ERBEGToO 1 BHE»5 30 H F TOIRE)
AEREE OIS 1 7 TBEESt s,
WROT DB RL TV, ZDLIH I,
FEICHMAZERTHLIZO L IDELT, B
KOEBNIEBITHI-PICELE, 20X
Sz ki, BE—-LVHETHER I (LY
A X FEYOIRIIZ L AHHNAA~ELMLD
FHOEENISBFRXAHILETH b,

509
404
304

20

07 No.2

Displacement :x (mm)

-20

-30 v T T T T 1
0 5 10 15 20 25 30
Time(sec)
Fig.2 The examples of time series of the slipping box

—370 —



OEXaGEFRFE Vol 9 No.6 (2000)

3. WESTREIE

AR THE L THHEOT ) EED
W, BB XA FIREHHET 5, Ik
BKFERONEE Y 70, REL 2. B%
X &Th, £, MEROIEE, BE, &

L2 ENEN 11, 210 o, BRILEERREE k.
BEER R p L L, ENMEEE g LT 5,

DL E,
¥|ETE 5B,

KAWL, MEROBE Y H LA

Tz, $ROEL-BROYKROEE HERIT
LTFTH 5,

= kyg
k_|+ﬂih—m<o (2)
—1:4—dp>0
X512, WEoOEES X UOMEBEIRAR L Yk
HHENS,
n = [ i dt} (3)
X = f I dt
ERizB iy a2 RGBT, FIERREREE

REBEF AT LT, FhE{EET A
itk FHERBRETEHTEL I L PR
LTw3

¥ 72, KEROIREINERE 12DV Ti,
BABREEOMEEENC Lo THlE SN T
— % ANL., EBREBFEIDLEME
BIkol, SOIEEMRKIE, RETHRN
B A BBARETIERICL VKDL
F2d 0 IR 2ol vz, L
oo T, 1EI &bz R 2 KEKRD
IREDEFRYI & RETTHRA B BEAKOIT SO

2L, Yo EHFTEERIIES
>TL A,

4. BERFBOAE

BEOHED 2BV T, REOWEDE
BEAHIT, MEROTRY) EEIKET A
BThHoLVIRREIERIZL > THEONT
Wb, RIS, BEAOMEE SVIEE CHE
ETAHILIHETHY, £ DNFENEE
BV TEBONHE S VHEEROREE %
RETAHIBOREERIZLZZZ A LITLIE
H5bH, TNTHEOWEIE-> TV DA,
FORMMRES R L H) £ LBLL TV 5720
W, FRUC X DRI EEROT XY EEIC L
>T, BEIVELLTWBLEEZ LGNS,

2T, EHERICHV 2 ABS ftEALC
DVT, TRYBEIKE CEBTH/FILE
B, BEEREE FhERRD 2, Th
R LR EE % Fig. 318,
Ny FVE—EDORETR Y Z &L THFE%
@, ALoftiEoEgsH*2~-D I v h
—. BEREOAE L IMEERHC X Y EHRIL 72,

/ /P\‘\Steermg Wheel

IS

Acceleration Gauge
ixed on the Floor) i
ABS bri

Fig.3 Measurement of friction factor by the inclination table

— 371 —



KFIRBYR LIED F N ) BB DEFMHIZ DU T

Ik A, BIEEBEKI. WiErTRY
HMLERAOIZXY

ts = tan 0 (4)

&0 BB WO ELT H B O INE
Balzky, XXTEREh 3,

o
gcos @

U= s —

Fig. 413, 1 HOMERIERICL HE, B
BERHOFHIKELRT, S0L5 HED
WIRTIZ, 3TN0 EEIC X ) BEREEAEL
TBHIEDNGNE, T, ME. BRLFEL
9 DO IZOVWT 10 [ Do, & 90 Al
EMERIZEL Y, 1B & b ic By 2B
BRI O RBEMRITEN 2 R 72,

®  Mesurement Date
——— 11 =0.3885+0.09712%exp(-V/4.06689)

0.50

Friction Factor

T T
4 .6 8
Velocity of Slipping(V) (en/sec)
Fig.4 Illustration of Friction Factor

5. ANV EEHOFTEE

Fig. 21" &N B X910, ML EB R
IO EE % BERFVIRBEO A TEEMIZET
MysZLiiNETHL, 22 TARIICE
WTHTZZCLLFIRT 300085 2 — ¥ %32
15,

_ 1T
Sl B NS max
n—1 _
PUEICIY
NS max

n—1
= |2(1) =% (6+4)
NS max

J

2 x L IREVAE B TBEIEYIL s
WEDENL, x=x/a: BRTEM., a: KE
IROIREIRIG, Ns=t - f: IRBPOIEL, ¢ @ BER.
f:IREJEIEITH D, Nspax=t, * [ IZEER
T RERE t, (30 sec) T TORBEMTH b,
At = tip—t 13, BUEEBRICE W TIIEHER
IR, I EIR IR By T EHAIERR
BRTH 2,

ST, IR EBDORERINIIRMETH 597,
WA SRR & 7% 5 BT % # D IFRE
WKE>TRAMFTBELFig.50XHI2, 42
DENZHOWT DY — 123547 5,

w
¥

Nondimensional Dispalcement &

PYPEC

S \

Number of vibration (Ns)
Fig.5 Typical time series of the slipping box

WE, BRYINY —2 A, B, C, DOER
ZALIFEMETH 5 728

SlA - SlB = Slc = SID (7)

—372—



AXBEFREF

L, FICERVIARERTHAI LH S,
Sl 033CHR3) 12 B, TRYVKRQLFEIHET
HY., KRAHHEY LD,

S34 _
S, !

S3g> S34 (8)
33c= 53,4
531) = 53,4 J

F7o, SR EEHERRYOBMES ¥ IRE)H
BCTREL-ETHL I EEEZNE, %k
BEZoN3,

S24 _ by
Sl - 2 (9)

F72. FRFRIZOVTIR, DUTOMEIK
DiLD,

S24 = S2p
S2¢c> S24 (10
S2p < 824

DEORBBED, 32oM85 A —%_ S1,
S2, S3xHVhIE, BEIRERTID/INY —
PEBRMNICTMT A EDTETH S,

6. ERXBRERRUEER

Fig. 6. Fig. 7. Fig. 813, #1L#Hh 06
G, 08G, 1.0G TOEERB L UEIEIZ LY
15 7o EB)RE RS % S1, S2, S3DINF A—%
TERAL, NIy FIZLoTRLEZDD
Thrb, ZIIERIZ, o0t kizon
T10\ED2fT- D TR 90 7— %, FHEIE,
VLoD HREIC OV THAIERTE 10
) OBRBREOERBEKFREERENI
1080 OKEROBEFRRTIZ AN LS

Vol.9 No.6 (2000)

& 900 7— ¥ rORRFIERDIZH D 2 DfE
BxRLTWw3, Th6DRI Y, wFho
IEE TS, EBRB X UEEICE 2ot
R EERRIIRE RO S O X EEIZELL
TWb I eWbhrsb, -, BiEFE. B&
UEBIZ, & ICIRBIIEEOMINC L 724t
V., SIOSHEEPNELS LD, FORK
EHIZIZFRLTHE, ZORTIREMEEC
LoT, E62FDKEVIRVBBR, B
BETHIENTETVES,

%]
04 ——

02 |eiitN

1
08G SHz
— e on Oata | R
o8 ® Experiment Data
@ Babble Size 52
08
5| ® Y
04 S2.
o:
02 £ e+
G cot

°
] 005 ot S1 0.15 02 026
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