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Criterion of Human Stability in Floodwaters Based on Theoretical
and Experimental Studies

Xia Jungiang, Gu Anchuan, Shu Caiwen and Guo Peng

(State Key Laboratory of Water Resources and Hydropower Engineering Science,
Wuhan University, Wuhan 430072, China)

Abstract: Flash floods and urban floods due to heavy rain occurred frequently in China, causing considerable
loss of life. The investigation of criterion of human stability in floodwaters can provide scientific reference to flood-
plain area planning and urban flood control standards. However, existing criteria of human stability usually neglect
the effects of body buoyance and non-uniform velocity profile of incoming flow. Therefore, it is necessary to conduct
the research into an appropriate criterion of human stability in floodwaters, using theoretical and experimental stud-
ies. In the current study, different forces acting on a human subject have been analyzed, with the corresponding
expressions for these forces being presented, and with the formulae of incipient velocity being derived respectively
based on two different instability mechanisms. More than 50 runs of flume experiments were then conducted to ob-
tain the conditions of water depth and corresponding velocity at human instability , under two instability mechanisms
of toppling and sliding, using a vivid scaled model human body. The experimental data from these studies were
then used to determine two parameters in the derived formula for each instability mechanism, and the incipient ve-
locities under different incoming depths for the prototype of human body were estimated using the scale ratios and
the calibrated formulae. Finally, the derived formulae at the modes of sliding and toppling were re-calibrated in de-
tails by the experimental data using real human subjects. Toppling stability thresholds for children and adults have
been proposed in this study, based on the calibrated results obtained using the different sets of experimental data.
The stability thresholds calibrated for the real human subjects tend to be more dangerous, as compared with the sta-
bility thresholds using the model human body, because the former accounts for the ability of the test subject to ad-
just to the standing posture according to the inflow conditions and to redirect the orientation of the body to best suit
the direction of the flow.

Key words: floodwater; human stability; incipient velocity; sliding instability; toppling instability ; theoreti-

cal analysis; flume experiment



