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ABSTRACT

Temporally and spatially averaged models of bedload transport are inadequate
to describe the highly variable nature of particle motion at low transport stages.
The primary sources of this variability are the resisting forces to downstream
motion resulting from the geometrical relation (pocket friction angle) of a bed
grain to the grains that it rests upon, variability of the near-bed turbulent
velocity field and the local modification of this velocity field by upstream,
protruding grains. A model of bedload transport is presented that captures
these sources of variability by directly integrating the equations of motion of
each particle of a simulated mixed grain-size sediment bed. Experimental data
from the velocity field downstream and below the tops of upstream, protruding
grains are presented. From these data, an empirical relation for the velocity
modification resulting from upstream grains is provided to the bedload model.
The temporal variability of near-bed turbulence is provided by a measured
near-bed time series of velocity over a gravel bed. The distribution of pocket
friction angles results as a consequence of directly calculating the initiation
and cessation of motion of each particle as a result of the combination of fluid
forcing and interaction with other particles. Calculations of bedload flux in a
uniform boundary and simulated pocket friction angles agree favourably with
previous studies.
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INTRODUCTION

The formation and evolution of sedimentary bed
features, such as scours, bedload sheets, ripples,
dunes, bars, armour, sorting and grading, are
ubiquitous in both fluvial and marine environ-
ments. These features in the geological record
are primarily classified by their characteristic
geometric forms and size sorting. In nearly all
cases, both form and sorting are produced by
a spatially and temporally varying sediment
transport field resulting from interaction of a
turbulent flow with the sediment grains of an
erodible bed. Although sedimentologists have
been able to discern the conditions under
which these features were formed by comparison
with modern environmental analogues, a number
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remain to be explained in a physical, quantita-
tive manner.

The lack of accurate physical models of a
number of sedimentary structures produced by
bedload transport can be explained by the fact
that the motion of mixed grain-size sediment, by
rolling and saltation along the bed of a turbulent
flow, is an inherently complex problem. Turbu-
lence produces fluctuations in the near-bed velo-
city that give rise to fluctuations in the forces on,
and resultant motion of, sediment grains. Some
particles near the bed surface are surrounded by
particles much higher in the flow, whereas others
protrude above adjacent grains and therefore
experience greater drag forces from the flow.
The geometric arrangement of surrounding grains
also leads to variability of forces required to begin
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