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Under the erodible bed condition, hydrodynamic forces drive the motion of water and sediment and,
thus, create a variety of interesting morphologies, including bedforms, meandering, braiding, alluvial
fans and so on. This dissertation is a study of bedform evolutions of nonuniform sediment. Bedform
is one of the interfacial instability due to the complex interactions between water flow and sediment
transport. Thus, the prediction of bedforms, such as ripples and dunes, is still a challenging research
topic for river engineers. Another difficulty when bedforms in the natural river are studied is that the
river bed is commonly composed of various sizes of sediment (nonuniform sediment). Under the same
flow conditions, coarse grain responses to the forces exerted by the water motion different from that
of fine grain. Therefore, a selective transport of nonuniform sediment causes many morphological
processes such as vertical sorting, armouring and downstream fining. Various formulas of nonuniform
sediment transport model were proposed to explain the mechanisms and migration process of bed-
forms. Moreover, experimental studies were conducted in order to explain some important features
inside bedforms such as vertical sorting at the lee face of dune which aﬁ‘ectéd bedform dimension,
bedform roughness and sediment transport.

Since the bed material is comi)bsed of many sizes of grain, the bedform geometry and their evolutions
are rather complicated and time consuming for modeling. As a result, most of the models in the field
of river engineering are simplified by considering only one grain size (a median size) of sediment to
represent the non-uniformity of sediment. However, many studies have found that considering only
one grain size cannot explain some important mechanisms of river morphology sufficiently such as the
geometry of bedforms and their evolutions.

In this dissertation, the numerical modeling for nonuniform sediment was performed to simulate the
characteristics of sand dunes and grain sorting inside sand dunes. The sediment transport model explic-
itly takes the turbulent flow model into account during the morphodynamic computation. The sediment
transport model wascomposed of a nonuniform sediment transport model and a bed layer model. The
concept of size fraction transport was erﬁployed for nonuniform sediment transport calculation. In
addition, nonequilibrium bedload sediment transport of each sediment size fraction was treated using
Eulerian stochastic formula proposed by Tsujimoto and Motohashi (1990) for the sediment pickup

and deposition calculation. The bed layer model was employed to simulate the mechanisms of grain
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sorting at various locations inside sand dunes. Moreover, the lee sorting model proposed by Blom
and Kleinhans (2006) was incorporated with the computation codes during the morphologic computa-
tion for a realistic grain sorting simulations. The hydrodynamic model proposed by Giri and Shimizu
(2006) was used for hydrodynamic simulations. In the turbulent model, the 2nd order non-linear k-?
turbulence closure is employed to reproduce turbulent features in shear flow with the sepatation zone.
The time-dependent water surface change computation was used for a realistic reproduction of free
surface flow over mi gration bedforms. The boundary condition at the bed was no slip. A logarithmic
expression for near-bed region was adopted. The periodic boundary condition was employed in the
computation domain of flow and sediment transport computations.

Comparing with the experimental results, the model provides the satisfactory agreement for grain
sorting, bedform geometries and water depth. By means of the concepts of bed layer model and
size fractional transport incorporating with the lee sorting model, the mechanism of grain sorting at
various locations inside sand dunes can be investigated. The dune formation and their evolution process
can be reproduced by the proposed model. In addition, the effects of nonuniform sediment on dune
evolution were also examined. Under the same hydraulic conditions and mean grain size, the numerical
simulations of the nonuniform sediment case are compared with that of the uniform sediment case.
The simulated results are consistent with the experimental results which showed that the migration
velocities of sand dunes in the nonuniform sediment case are faster than those of the uniform sediment
case, and showed that the wave heights of sand dunes of the nonuniform sediment case are smaller
than those of the uniform sediment case. The wave lengths of sand dunes of the nonuniform sediment
case showed a slight difference with those of the uniform sediment case in the fully developed stage.
Moreover, the temporal evolution of sand dune of the nonuniform case was found to be slower than the
uniform case. With the use of the nonequilibrium sediment transport formula proposed by Tsujimoto
and Motohashi (1990), one of the important parameter is the mean step length. Then, the numerical
study was conducted in order to assess the influence of mean step length on sand dune dynamics.
From the simulation results, it was found that the dune geometry significantly depends on the mean
step length, and the appropriate value of mean step length for the simulation of non-uniform sediment
is found to be 20-30 times sediment diameter.

It is necessary to mention that the present model of nonuniform sediment is conducted in order to
simulate bedform evolutions under the subcritical flow condition, considering only bedload transport,
with a constant discharge. Even the model results are in agreement with experiments as well as some
commonly used prediction methods for geometric characteristics of sand dunes. Further this model
needs to extend in varying flow field condition including with the suspended load transport mode in
order to fulfill the model for natural river flow simulating,
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