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Table 1: Design parameters of the tank and bunds

Bund Shape Inclination h(mm) ré(mm) H(mm) R(mm) Q
90° 100 272 386 135 0.333
90° 100 272 363 135 0.310

Gircular 90° 100 272 337 135 0.277
90° 100 272 306 135 0.237
90° 100 272 245 135 0.180
90° 100 272 183 135 0.098
90° 100 272 357 135 0.377
90° 100 272 332 135 0.373

Square 90° 100 272 305 135 0.292
90° 100 272 244 135 0.262
90° 100 272 182 135 0.110
90° 100 272 360 135 0.371
90° 100 272 333 135 0.333

Rectangle  90° 100 272 309 135 0.290
90° 100 272 275 135 0.249
90° 100 272 183 135 0.103
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Figure 2. Overtopping fraction prediction using the general model.

4. CFD Simulation
4.1 Model setup

Computational fluid dynamics (CFD) is an effective tool for simulating bund overtopping phenomena, and CFD
models are developed in ANSYS Fluent. In this work, several common turbulence models: LES, RNG k-¢,
Realizable k-¢, Reynolds stress, Shear-Stress Transport (SST) k-w and Standard k-¢ are compared. RNG k-¢
and LES model are more suitable for bund overtopping studies. Because these two models can calculate the
laminar, turbulent and transition flow processes of liquid. The model is essentially isothermal and uses the VOF
method to simulate the liquid overtopping process. The 2D model is an axisymmetric model, the 3D model is
chosen to simulate a quarter of the geometry and computational domain to reduce computational resources. In
this study, a mesh with an element size of 0.005m was chosen to develop the model. The boundary conditions
are shown in Figure 3. The bund and the ground inside the bund are set as walls. The computational domain is
initialized using the standard initialization, and the initial turbulent kinetic energy and turbulent energy dissipation
rate are set to zero because the initial state of the liquid is laminar.

Figure 3. Quarter of the geometric for square bund with test L3 (Huo et al., 2022)
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4.2 Model validation

The comparison between the simulation results of the overtopping fraction based on the RNG k-¢ model and
the experimental data is shown in Figure 4. It is found that the simulation results of the overtopping fraction are
within an acceptable range, and most of the simulated overtopping fraction tends to be over-predict, which puts
forward higher requirements for bund design and helps to minimize liquid overtopping.

The liquid dynamic process of L1 with a filling ratio of 87.8% is shown in Figure 5. The behavior of the liquid
during catastrophic failure of the storage tank is divided into the following six stages: initial column (a), collapse
(b), surge and impact (c), hydraulic bore (d, e), overtopping (f), reflux and center spike (g), as shown in Figure
5a. As for Figure 5b, the six stages of the experiment and 3D models can be well matched. The simulated height
of the center spike (h) of the 2D model (H20=0.076m) is slightly higher than that of the 3D model (H3p=0.048m)
and the experimental image (Hexp=0.044m). In addition, the secondary overtopping process can be effectively
observed in the 3D model and experimental images, but only one overtopping process can be observed in the
2D model. In general, the dynamic process of the 3D model can more reliably show the interaction between
liquids and bunds wall. These models can be used to further study the flow behavior and turbulence effects in
the overtopping process of bund under complex conditions.
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Figure 4. Simulation results of 3-D on RNG k-€ model (Huo et al., 2022)
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Figure 5. Dynamic Process of liquid of catastrophic tank failure: (a) experiment (Zhang et al., 2017), (b) 3D
simulation of L1 (Huo et al., 2022)

5. Conclusion

Despite the low frequency of catastrophic failure of storage tanks, this is still one of many possible failure modes.
Storage tanks show a trend of large-scale, centralized as the development of tank technology. Therefore, the
potential hazards of catastrophic failure of storage tanks need to be taken more seriously. The serious
consequences of this form of failure are not affordable. The study of bund overtopping can be used by interested
parties to understand the bund overtopping hazard and take effective protective measures. This paper
systematically investigated the catastrophic failure of storage tanks through experimental, simulation, and
predictive modeling methods. The main conclusions are as follows.
(1) The configuration of the bund has a large impact on the overtopping fraction. For the same filing ratio, tests
with high h/r and R/r values tended to give smaller overtopping fractions. Circular bund is considered better
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than the rectangle bund. Breakwaters can effectively control the liquid overtopping. In addition, the reliability
of the results of laboratory scale experiments applied to field experiments was verified.

(2) Three predictive models for circular, square and general bund shapes were developed using richer
experimental data. These predicative models have more accurate prediction accuracy and a wider
application range. Predictive models have been developed to estimate liquid overtopping fraction rapidly
and help interested parties to assess the hazard of the tank farm.

(3) The reliability of the CFD models has been systematically verified by experimental results, and the
overtopping fraction and flow behavior are in accordance with the experimental results. The LES and RNG
k-e turbulence models have proven to be suitable for bund overtopping study.
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