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ABSTRACT In bed materials with nonuniform size
distributions, particles smaller than a particular
reference size are relatively difficult to move while
particles larger are relatively easv to move. In
addition, at steep slopes, the critical conditions for
movement are best predicted by an approach based on water
discharge rather than the Shields shear stress. These
two conditions are combined empirically to form a method
of caleulating critical unit water discharge for particle
movement in steep channels with coarse nonuniform bed
material. The relationship between particle size and
critical unit water discharge is evaluated using field
data and is found to vary with bed material size
distribution. The reference diameter is of the order of
bed material D o size. An independent test of the
relationships indicntes good results if the unit water
discharge is based on the active width for bed load
transport rather than on flow width.

INTRODUCTION

The standard means of calculating the critical flow conditions for
initiation of bed material movement in a channel is the Shields
(1936) equation:

T
£ =1 (1)
{ﬂg -p)ghb

where T. = critical shear stress; p_ = bed material density;

p = watar density; g = acceleration due to gravity; D = bed material
particle diameter; and T, = the Shields parameter. For gravels and
coarser materials with uniform size distributions, the parameter is
typically assigned a constant value in the range 0.04-0.06. For bed
materials with nomuniform size distributions, though, the parameter
wvaries as interaction batwean the different particle sizes affects
the critical conditions for each size fraction. Recent research has
also indicated that methods based on shear streas may not be suitable
for steep, boulder-bed channels. This paper therefore examines and
309




310 James C.Bathurst

develops an alternative approach based on flow discharge, which may
be more appropriate for the steep channels with coarse, nonuniform
bed materials characteristic of mountain regions. The approach 1s
developed using field data and is subjected to an independent test.

FACTORS AFFECTING THE CRITICAL COMDITIOMS

Nonuniform size distribution

For a nonuniform bed material the various particle sizes are brought
into motion over a range of discharges, rather than at a singlés flow
condition. IE the individual size fractions had no influesnce omr
aach other, the force required to initciate movement of a given ‘size
would be aqual to that reguired to move the sape size in a bed
composad of uniform material of that size. The Shields parameter
would then take the same standazrd wvalue for each size Lractlon.
Several stndies have shown, though, that the stability of a particle
iz affected by the position of its size within the overall size
distribution, relative to a reference size (Eglazaroff, 1965;
White & Day, 1982). Particles smaller than this size tend to be
sheltered behind the larger particles and require a stronger flow
{with larger Shields parameter) to set them in motion than would be
necessary for uniform materials of the same size. Conversely,
particles larger than this size tend to project inte the flow and
can be moved by flows weaker (with smaller Shields parameter) than
would be necessary for uniform materials of the same size (e.g.
Fenton & RAbbott, 1977; White & Day, 1982; Proffitt & Sutherland,
1983). Particles of the reference size are unaffected by the
hiding/exposure effect and behave as if in a bed of uniform
material. EBEwmpirically, the reference size is of the order of Do
that size of particle median axis for which 50% of the particles are
finer (e.g. Cecen & Bayazit, 1973; Proffitt & Sutherland, 1983}.
Andrews (1983) has guantified the effect on critical shear stress
using field data. For the range D.jmifnm*-:d,.z, he found that

Tagy = 0.0834 (Dy/Dggy 0272 (2)

where T, ., = the average critical Shields parametar for particles of
size Dy 1n the surface or armour layer of the bed; i = the gize
fraction; and Dgg refers to the subsurface or parent bed material.

High slope and large-scale roughness

Several studies have shown that the critical Shields parameter rises
to values of 0.1 and higher as slope increases above about 1% and

the ratioc of depth to particle size falls below about 10 (Ashida &
Bayazit, 1973; Bathurst et al., in prass). Bathuret et al. (in press
therefore adopted the Schoklitsch (1962) approach to prediction of
the critical flow conditions, based on unit water discharge rather







