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Synopsis

During a flood, it is often not the water itself, which causes heavy damage to people
and property. In Nagasaki flood in 1982, flooded cars brought damage to the structures
and lost of lives. Therefore, it is very important to study car behaviors on flooded roads.
In this study, flume experiments were conducted using two types of small-scale model
cars. The experimental data obtained for the model cars were used to determine the
incipient velocity for flooded cars. We also measured the drag force exerted on the cars
in flood roads. The results revealed the relationship between depth and velocity and
produced a limit of stability for flooded vehicles. These results can be used as
preliminary assessment to define the hazards to cars on flooded roads.

F—— R i, EiRE, o, ERRREE, Fi, EREE, KKE
Keywords: urban flooding, flooded car, vehicle instability, incipient velocity, drag force,
floating car velocity, flume experiment

FEIERI 2 & MBI L CHEOE KRR 2k T
VW5 . Xia b (201 1)IE3FEYE o BRI 4 N Tl Kk EBR

1. [FC®HIC

HHARERSLSRRRAKERFO X 5 78kl
TEEL D D RHBRER - SKILERNRET DL
< OHEMAMRAK « EIE LERLEENELL. Z0
X9 0RO A B BREEED Y 2 7 A D TR X
DD d D, KEBLZREE - WAL R & DR E
DOFECERFTEINIED D), TO®BRED X S InE
TIEE TR SN NEK EE DD TEETHS.

O O EFRRBRICOWTIE, WL Ok
TTHFZEDN A 5305 . Shu b (2011) (X 3FEEH O HARAL (/)N
TS W2 & SUVELIFR) 2 V) COKIE B % i
L CHA S A 5 R HZ KD, 70— Ko

ATV, B BIC K LT EE & 2k L2k
RECOEMBREZ KD 7=, )11 5Q011) X2
O BRI % IS %t L CO0E o M) X 2@ E L Tk
L, BERRNCER S DRI % =5 JI5HT k- TR
WL, Gonii vz b &2, EBEOERMET
TOHEDERBRZRD TV D, FH G Q012)1FK
R - A A ST KBS R D, BHOER
R %R, RAEFICEBIT DKEFBEDOIOHY A
W BILRERE KEOBE S LTEIL, IS
L ARRICEBE O KM T CORDOERRA 2RIz,
72720, 2 OBFSETIIEO ELLE OEWIZ X

— 391 —



Tablel Hydraulic condition (Left : Sedan, Right : SUV)
Depth Height |Depth ratio Seden
H(cm) | k(cm) H/k Um(cnvs)]  Re |  Fr | Direction(®) | With or without Brake
22.5 4500 0.51 0,90, 180 Without brake, emrgency brake and Parking brake
31.25 6250 0.71 0,90, 180 Without brake, emrgency brake and Parking brake
2.0 0.25 45 9000 1.02 0,90, 180 Without brake, emrgency brake and Parking brake
60 12000 1.36 0,90, 180 Without brake, emrgency brake and Parking brake
8.0 75 15000 1.69 0,90, 180 Without brake, emrgency brake and Parking brake
10 4000 0.16 0,90, 180 Without brake, emrgency brake and Parking brake
40 0.50 20 8000 0.32 0,90, 180 Without brake, emrgency brake and Parking brake
: : 30 12000 0.48 0,90, 180 Without brake, emrgency brake and Parking brake
40 16000 0.64 0,90, 180 Without brake, emrgency brake and Parking brake
Depth | Height | Depth ratio SUVE!
H(cm) | k(cm) Hk Um(cnvs)]  Re |  Fr | Direction(°) | With or without Brake
22.5 4500 0.51 0, 90, 180 Without brake, emrgency brake and Parking brake
31.25 6250 0.71 0,90,180  Without brake, emrgency brake and Parking brake
2.0 0.22 45 9000 1.02 0, 90, 180 Without brake, emrgency brake and Parking brake
60 12000 1.36 0, 90, 180 Without brake, emrgency brake and Parking brake
9.0 75 15000 1.69 0,90,180  Without brake, emrgency brake and Parking brake
10 4000 0.16 0, 90, 180 Without brake, emrgency brake and Parking brake
20 8000 0.32 0,90,180  Without brake, emrgency brake and Parking brake
40 0.44 30 12000 0.48 0, 90, 180 Without brake, emrgency brake and Parking brake
40 16000 0.64 0, 90, 180 Without brake, emrgency brake and Parking brake
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Fig.3 Drag force exerted on car
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Fig.5 Incipient velocity for flooded car
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Table2 Floating condition of flooded car(Sedan)

Depth | Depth ratio Sedan
H (cm) H/k Um(cm/s)|  Direction(®) | Floating motion | Angle(°)
22.5 0 Rear axle floating 1.87
31.25 0 Rear axle floating 5.36
2.0 0.25 45 0 Rear axle floating 5.36
60 0 Front and Rear axles floating -
75 0 Front and Rear axles floating
10 0 Front and Rear axles floating
40 050 20 0 Front and Rear axles floating
: 3 30 0 Front and Rear axles floating
40 0 Front and Rear axles floating -
18.75 90 Rear axle floating 1.87
22.5 90 Rear axle floating 1.87
20 025 31.25 90 Rear axle floating 3.67
: : 45 90 Front and Rear axles floating
60 90 Front and Rear axles floating
75 90 Front and Rear axles floating -
18.75 180 Rear axle floating 1.87
225 180 Front and Rear axles floating -
20 025 31.25 180 Front and Rear axles floating
! i 45 180 Front and Rear axles floating
60 180 Front and Rear axles floating
75 180 Front and Rear axles floating
(a) Rear axle floating ‘

~a=187°

1|

Fig.6  Floating motion of flooded car
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