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Fig. 1 Logic structure of the HURAM?2.0 model
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Fig.2 Forces acting on a submerged human body and instability mode
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Tab.1 Stability for a flooded human body
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Fig. 8 Upstream and downstream water level elevation
and Beichuan flow process curve in Case 1 and 2
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Tab.4 Inputs for improved Bayesian network in Case 2

[X [5] S HE B /m JKIR/m K mes™) B/ i 1) B WS /m  ESH ek
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R3 (100, 150] (2.80, 3.00] 1.1 14 8: 00—17: 00 35 3 FER)
R4 (150, 225] (3.00, 4.50] 1.1 14 8: 00—17: 00 35 3 )
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Tab.5 Comparison of life loss in Beichuan area by HURAM1.0 and HURAM2.0 models (Case 2)
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Tab. 6 Dam-break floods and caused loss of life in Beichuan Town
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Fig. 10 Human life risk distribution for Beichuan in Case 1
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A Method for Estimating Human Loss of Life in Dam-Breach Flood Considering Human-Fluid Interaction
PENG Ming'?*, MA Fujun'*, SHEN Danyi®", CAI Yijian®, SHI Zhenming'*, ZHOU Jiawen®, LIU Xijun®

(1.College of Civil Eng., Tongji Univ., Shanghai 200092, China; 2.Key Lab. of Geotechnical and Underground Eng. of Ministry of Education, Tongji Univ.,
Shanghai 200092, China; 3.Inst. of Geotechnical Eng., College of Civil Eng. and Architecture, Zhejiang Univ., Hangzhou 310058, China;
4.Huadong Eng. Corp. Ltd., Hangzhou 310000, China; 5.Key Lab. of Hydraulics and Mountain River Eng., Sichuan Univ., Chengdu 610065, China)

Abstract: Dam-breach floods pose a significant threat to human life downstream. Conducting a quantitative risk assessment of life loss caused by
dam-breach has important practical implications for emergency response and disaster relief efforts. This study presents the HURAM2.0 model, an
extension of the existing HURAMI1.0 model of life loss Bayesian network, which considers the interaction between the human body and water
flow. It first assesses the stability of individuals in floodwaters and then determines the risk of drowning. By employing Monte Carlo simulation,
the model integrates the effects of water depth and flow velocity on life loss. The HURAM2.0 model is applied to analyze the life loss caused by
the breach of the Tangjiashan landslide dam. The main conclusions are as follows: The HURAM?2.0 model established a quantitative relationship
between flow velocity and loss of life, thereby providing a more accurate description of the stability and survival capabilities of the human body in
water flow. In comparison to the HURAM1.0 model, the HURAM2.0 model demonstrated greater accuracy in predicting the loss of life under
conditions of strong flood intensity. Additionally, within the HURAM2.0 model, apart from water depth and flood severity which remain relat-
ively consistent, the sensitivity of the other variables increases. Specifically, the number of floors in residential buildings, shelter provided by
buildings, and duration of the breach variables were found to exhibit a respective increase in their impact on model calculations by 142%, 95%,
and 93%. This enhancement strengthens the model's interpretability under low, medium, and high flood intensity, providing a favorable position
for Bayesian inversion. In the risk analysis of the Tangjiashan landslide dam, the HURAM?2.0 model differentiates the loss of life under different
flow velocity conditions, which aligns more closely with reality. The risk and mortality rate were high before the spillway was excavated. The risk
was significantly reduced and the number of deaths greatly decreased after on-site surveys and spillway excavation. It is recommended to use
early warning systems and evacuation measures to mitigate the risk of life loss.

Key words: dam breach; physical modeling of human stability; risk of loss of life; Bayesian network; landslide dam breach floods
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