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Numerical simulation of overtopping failure process of a barrier dam
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Abstract Based on the wide gradation characteristics of barrier dam materials a numerical model describing the
discharge process and breach development due to overtopping failure of a barrier dam is proposed. Additional force that is
perpendicular to the water flow direction was introduced into the model to consider the block function and bridging effect
of coarse particles on fine particles and the way in which fine particles surround and fill coarse particles. Based on the
results of steep sink tests of different soils and erosion characteristics of the barrier dam materials with wide gradation
under high strength water conditions a formula was put forward to calculate the erosion of dam materials during the dam
break process. The formula can reasonably reflect the influences of gradation compactness —strength of dam materials

dam slope flow velocity and friction velocity on the erosion quantity. The proposed model was used to calculate and
analyze the break of the Tangjiashan Barrier Dam. The calculated result of the flood discharge process was close to the
observed one indicating that the model and the calculation method were reasonable and could exactly reflect the

influences of the reservoir capacity and recharge water from upstream on the overtopping failure of the barrier dam.
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Fig. 1 Forces acting on a soil particle along dam slope
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2
Fig. 2 Relationship between flow velocity and erosion rate
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3

Fig. 3 Breach development of earth-rock dam due to overtopping failure

4

Fig. 4 Flow chart of numerical simulation of barrier dam

breach due to overtopping failure
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5 6
Fig. 5 Comparison of calculated and observed discharge Fig. 6 Breach development
hydrographs at breach
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