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Abstract

Introduction: Due to the volume of water stored in the reservoir of dams and sometimes
their proximity to residential areas, the failure of dams can lead to a lot of human and
financial losses, which can be prevented by having sufficient information and proper
forecasts of dam failure. The flow resulting from the dam failure is turbulent, mainly a
mixture of fluid and sediment particles. Therefore, after the dam's failure, sediment transport
leads to significant morphological changes downstream. Consequently, the analysis and
evaluation of the instantaneous failure of the dam have been one of the main challenges of
the profession of engineers and activists in this field. By examining the research background,
it is clear that the studies focused on fluid flow in non-erodible bed conditions, and a small
part of numerical and laboratory research has been focused on the evaluation of changes in
the morphology of the bed sediment layer. In addition, one of the effective parameters in the
mechanism of sediment transfer and the pattern of morphological changes of the bed is the
sediments of the dam reservoir, which has received less attention from researchers. We have
evaluated and experimental-numerically modeled the phenomenon of sediment transport
due to the sudden failure of the dam, taking into account the sediment layer in the dam
reservoir.

Methodology: In this study, two variables (1- the type of sediment particles (fine sand and
coarse sand) and 2- the thickness of the sediment layer in the reservoir and downstream of
the dam) have been considered as the main parameters in the evaluation of the sediment
transport mechanism (changes in bed morphology). Therefore, scenarios have been defined
for laboratory and numerical modeling. In this research, to evaluate the phenomenon of bed
sediment transfer based on the phenomenon of instantaneous dam failure, four different
tests have been defined and implemented in the hydraulic laboratory flume of Babol
University. This flume is 10 meters long, 50 cm wide, and 50 cm high and is equipped with
an ultrasonic level gauge and a digital pressure gauge. In these experiments, two parameters
of the type of bed sediment materials (A, B) and also the thickness of the sediment layer
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downstream of the dam and the reservoir of the dam have been considered as modeling
variables. Type A materials are gravel particles with an average diameter of 20 mm, and type
B materials are sand particles with an average diameter of 3 mm.

In this research, numerical modeling has been implemented using the Ansys Software and
the Fluent model, and the characteristics and specifications of numerical models have been
created based on laboratory models.

Results and Discussion: According to the research variables, four scenarios for laboratory
modeling and six scenarios for numerical modeling of the phenomenon of sediment transfer
have been defined under instantaneous dam failure conditions. The results of the numerical
modeling showed that the numerical model of the research had acceptable accuracy in
simulating the phenomenon of sediment transfer due to dam failure, so the modeling error for
two-dimensional numerical models (the first four models based on Table 2) is respectively equal
t0 2.75%, 4.31%, 2.59%, 5.52% compared to laboratory tests.

The results showed that in the models of type B sediment materials, the amount of reduction
in the thickness of the sediment layer is greater than in the models with type A sediment
materials. Therefore, the decrease in the diameter of the sediment particles has caused an
increase in the thickness of the sediment layer (bed morphology) due to the failure of the
instantaneous dam. In addition, by examining the results obtained from laboratory and
numerical models, it was determined that the reservoir sediment layer of the dam is an
effective parameter in the rate of sediment transfer and the occurrence of changes in the
morphology of the bed based on the dam failure currents, in such a way that with the
increase in the thickness of the sediment layer of the reservoir compared to the downstream
sediment layer of the dam, the changes in the thickness of the bed layer have increased by
about 10%, as well as the rate of sediment transfer in these conditions.

It is clear that the thickness of the sediment layer in the 3D_DB1_NB1 model with type B
materials has decreased more compared to the 3D_DB1_NA1 model with type A materials.
In addition, according to the contour of the changes in the thickness of the bed layer, it is
clear that the type of material of the sediment particles (diameter of the sediment particles)
was an effective factor in evaluating the phenomenon of sediment transport in the 3D
modeling space. In both 3D models, the thickness of the sediment layer in the area of the
dam valve (failure area) has decreased and increased in the range of 1.8 to 2 meters and
decreased from 2.2 to 3 meters.

Conclusion: The main goal is to evaluate the mechanism of sediment transfer due to the
sudden failure of the dam, focusing on the effect of the sediment layer in the dam reservoir,
which has been implemented in the form of laboratory and numerical modeling.

It is clear that the numerical model created in both two-dimensional and three-dimensional
spaces has an acceptable accuracy in simulating the phenomenon of sediment transfer due to
dam failure. The model created in the Ansys (Fluent) software can be widely used as a
reference model for simulating and evaluating the phenomenon of sediment transfer.

Keywords: Dam break, Bed morphology, Dam reservoir, Sediment diameter, Experimental
modeling, Numerical model.
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Table 4 Validation numerical models CA3, CA4
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16 5.1 6.25 22.55 7 37.25
1.8 6.7 7 4.48 4.48
2 8.87 8.8 0.79 8.1 8.68
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