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Fig.1 Forces acting on a partially submerged vehicle
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Fig.2 Two model vehicles used in flume experiments

1
Table 1 Specifications of model and prototype vehicles
/m /m /m /kg
111 Honda Accord 4. 945 1. 845 1. 480 1 631
’ Audi Q7 5. 089 1. 983 1.737 2 345
1# 1:14 Honda Accord 0.353 0.134 0. 107 0.597
( ) ’ Audi Q7 0. 365 0. 140 0.123 0. 855
24 124 Honda Accord 0. 205 0.078 0. 062 0. 126
( ) ) Audi Q7 0.213 0. 082 0. 070 0. 166
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Fig.3 Two layouts of model vehicle in flume
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Fig.4 Relationship between water depth and incipient velocity for partially submerged vehicles
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Table 2 Parameters in Eq. (5) calibrated by experimental data on large-scale model vehicles
90° 180°
« B [ed B
Honda Accord 0.501 -0.332 0.225 -0.571
Audi Q7 0. 460 -0.355 0. 546 -0.135
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Fig.5 Validation of proposed formula using experimental Fig.6 Comparison between current and previous results
data on small-scale model vehicles
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Theoretical analysis and experimental study of stability of flooded vehicles

XTAO Xuan-wei XIA Jun-giang SHU Cai-wen CHEN Yi-ming
( State Key Laboratory of Water Resources and Hydropower Engineering Science Wuhan University Wuhan 430072 China)

Abstract: With the changes of global climate and continuous urban expansion the occurrence probability of
flash floods in urban areas has increased in recent years. Vehicles parking on the roads are susceptible to be—
come instable during flood events. Once a vehicle is under instability it might cause injuries to passengers
and pedestrians or damage to buildings and infrastructure. Therefore it is necessary to conduct a study of the—
oretical analysis and flume experiments on the stability of flooded vehicles. In the study all forces acting on a
partially submerged vehicle are analyzed and a formula of incipient velocity for flooded vehicles is derived
based on the theory of incipient motion of sediment. A series of flume experiments for the incipient motion of
vehicles were therefore conducted using two types of scaled model vehicles with two scales for each type. The
experimental data obtained for the larger-scale model vehicles are used to determine two parameters in the de—
rived formula and the corresponding incipient velocities under various incoming water depths are computed u—
sing the formula for the prototype of these two vehicles. Finally the prediction accuracy of this formula is vali—
dated using the experimental data obtained for the smaller-scale model vehicles. The results indicate that: ( i)
for a certain vehicle the greater incoming water depth the smaller incipient velocity for a partially submerged
vehicle; and (ii) for a certain incoming water depth vehicles parking vertical to the flow direction are easier
to slip than those parking parallel to the flow direction.
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