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Investigation of destructive effects of flood flow over slab-on-ground of
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Abstract

When the dam reservoir exceeds its capacity, the spillway, as one of the most significant water-dependent elements of dams, safely conveys
the oncoming flood flow to the dam reservoir. Dam safety is inextricably linked to sufficient spillway capacity. Therefore, one of the most
pressing issues in all dams is ensuring the accuracy of structures and the hydraulic operation of spillways. In the present study, the hydraulic
parameters of the flow on the spillway for the flood discharges with 50 and 10,000-year return periods were simulated using WS77 and
Flow3D softwares in order to evaluate the factors affecting the destruction of the concrete panel of the Bukan Dam spillway. Various known
factors in the destruction of spillway floor concrete panels such as cavitation, pressure fluctuations, uplift pressure and hydraulic jacks were
also investigated. As shown in the results, the minimum cavitation index in selected floods of 50 and 10 thousand years is 0.31 and 0.275,
respectively, which is more than the critical value of 0.2. Furthermore, at the maximum values estimated in the two floods, the failure
potential index is 111 and 198 (2.5 cm offset) respectively, which is much below the value of the destruction threshold of 500. However, the
results show that increased pressure owing to the hydraulic jack phenomenon, as well as uplift pressure to values greater than the concrete
panel weight component and anchor strength, has resulted in spillway floor concrete panel displacement.

Keywords: Bukan Dam, Cavitation, Concrete Floor Panel, Destruction, Spillway, Stagnation pressure.
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Figure 1. Location of concrete panel excavated from
the spillway floor after the flood occurred in 2019
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Figure 2. Bukan dam spillway location
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Figure 3. Geometry, boundary conditions and spillway meshing in the numerical model

Table 1. Specifications of blocks, number of mesh and boundary conditions of numerical model

Mesh Block Number of Mesh Boundary Condition
Block 1 152400 Kminmax:Symmetry; Y min: Wall; Y pmax: Symmetry; Zpin:Flow rate, Zy.x:Symmetry
Block 2 1181920 Kininmax: Symmetry; Y min: Wall; Y pmax: Symmetry; Zpin: Wall, Znax:Symmetry
Block 3 861520 Kiminmax:SyMMetry; Y min: Wall; Y max: Symmetry; Zin: Wall, Zya:Symmetry
Block 4 1336300 Kiminmax:SyMMetry; Y min: Wall; Y max: Symmetry; Zin: Wall, Zpyax:Symmetry
Block 5 394560 Kminmax: SyMmetry; Y min: Wall; Y max: Symmetry; Zin: Wall, Zpa:Symmetry
Block 6 199459 Kmin:Symmetry, Xmax:Outlet; Y min: Wall; Y max:Symmetry; Zin:Wall, Zyx:Symmetry
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Figure 4. Hydrograph of incoming floods to the Bukan Dam reservoir
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Figure 5. Three-dimensional flow pattern on the spillway of Bukan Dam for discharge with a return period of 50 and

10,000 years
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Figure 6. Hydraulic characteristics of flow on the spillway for selected discharges with a return period of 50 and

10,000 years
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