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ABSTRACT
Large impulse waves are generated in reservoirs by, e.g., landslides and iceberg calving. Impulse waves result in
significant forces when impacting dams and it is important to take these forces into account when designing a dam.
The prediction of forces due to extreme waves is still subject to large uncertainties. Analytical models are available for
wind waves, while empirical equations, relying on a limited number of experiments, are employed for more extreme
waves. These equations are validated in the present study through numerical modelling with the open source toolbox
solids4foam in foam-extend. The model is successfully validated with available laboratory measurements and an
analytical model for two experiments. A computational example is presented for a hypothetical, yet realistic, case,
revealing a good agreement between the numerical results and predictions based on an existing empirical equation.
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1 BACKGROUND

Impulse waves in reservoirs generated by, e.g., landslides and iceberg calving may generate large additional
forces on dams. Sainflou (1928) and Tadjbakhsh and Keller (1960) analytically derived the wave pressure acting
on rigid walls under idealised conditions. These models may be generally applied for wind waves, while for more
extreme impulse waves such as solitary waves, Heller et al. (2009) approximated the total force Ftot for both the
wave and hydrostatic pressure combined with

Ftot = [1− 1.5(a/h)]1/6ρg(2a+ h)2/2 (1)

Eq. (1) was derived from the interpolation of a small number of experiments of Ramsden (1996) for 0 ≤ a/h ≤
0.6, where a is the wave amplitude, h the water depth, ρ the water density and g the gravitational acceleration.
The present study aims to provide a numerical investigation of impulse waves impacting on dams to validate
and extend the existing prediction method for a wide range of wave conditions and types. A recently developed
numerical model is validated with laboratory measurements and an analytical solution. This model is then
applied to estimate Ftot for a hypothetical, yet realistic, case and the force is compared with Eq. (1).

2 NUMERICAL MODEL

The toolbox solids4foam (Cardiff et al., 2018) was used to model two-dimensional wave forces on dams in the
present study. This toolbox was compiled in foam-extend 4.0 and implemented on the High Performance Com-
puting cluster Augusta at the University of Nottingham. solids4foam is capable of solving fluid-solid interaction
with several models for both the fluid and solid. Their governing equations are discretised into a set of algebraic
equations based on the spatial and temporal partition of the domain using the cell-centred Finite Volume Method
(Cardiff et al., 2018). These are separately solved and coupled through a partitioned approach. The coupling
within each time step consists of (i) solving the fluid domain, (ii) passing the fluid interface forces to the solid
interface, (iii) solving the solid domain and (iv) passing the solid interface velocities to the fluid interface. The
library waves2Foam (Jacobsen et al., 2012) was used for wave generation in the numerical wave tank.
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3 RESULTS AND DISCUSSION

3.1 Validation of the numerical model

The numerical model was validated with laboratory measurements of Mallayachari and Sundar (1995) and the
analytical solution of Tadjbakhsh and Keller (1960) for two selected tests with linear waves. The numerical simu-
lations were conducted with the identical set-up as in the laboratory and two mesh resolutions were investigated.
The dimensionless wave pressure p/(ρgH) versus z/h at the vertical dam, with the wave height H, period T and
the vertical coordinate z, is compared between the present study, the experimental, and the analytical models
in Fig. 1. In both cases the numerical model captures the experimental data and the analytical model well, with
a normalised root mean square error (nRMSE) of 0.14 and 0.08 in Figs. 1a,b, respectively, for the experimental
data, and nRMSE = 0.07 to 0.14 and 0.02 to 0.21 in Figs. 1a,b, respectively, for the analytical solution at z ≤ 0.

Figure 1: Comparison of the numerical pressure p/(ρgH) versus z/h with Mallayachari and Sundar (1995) and Tadjbakhsh
and Keller (1960) for two tests at h = 0.315 m with (a) H = 0.023 m and T = 0.950 s and (b) H = 0.048 m and T = 0.873 s.

3.2 Computational example

The numerical model was further applied to estimate Ftot on a 50 m high dam due to a solitary wave. A 800 m
long numerical wave flume was used. With h = 25 m and a/h = 0.38, Ftot = 8.01 · 106 N/m resulted. This is
approximately 2.6 times the hydrostatic force ρgh2/2 = 3.07 · 106 N/m, confirming the relevance of impulse wave
forces. The total force from Eq. (1) is Ftot = 8.30 · 106 N/m, resulting in a deviation of only 3.6%.

4 CONCLUSIONS

Impulse waves impacting dams may result in significant additional forces to the hydrostatic force. The investiga-
tion of this wave-structure interaction phenomenon is still a major challenge. In the present study an available
numerical model has been applied to investigate impulse waves impacting dams. Comparisons with laboratory
measurements and an analytical model confirmed that the numerical model captures wave pressures on rigid
dams well. A hypothetical, yet realistic, case was simulated, showing an excellent agreement with predictions
from an empirical equation. Detailed numerical investigations of impulse waves impacting dams for a wide range
of conditions will be conducted in future work to support impulse wave hazard assessment in reservoirs.
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