The link between Movability Number and Incipient Motion
in river sediments
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Abstract
The concept of incipient motion has been of continuing interest to researchers and engineers working with sediment movement in rivers. This paper takes a new look at the use of the Movability Number for the prediction of Incipient Motion –
which is here defined in terms of Intensity of Motion. A relationship between Movability Number and Intensity of Motion is
developed for flow with turbulent boundaries, using data from other researchers for Particle Reynolds numbers up to nearly
12 000. This allowed for a firmer definition of Incipient Motion as well as a new bedload transportation equation. Additional
laboratory experimentation for Particle Reynolds number over the range 0.12-486 facilitated the improved prediction of
Incipient Motion from a plot of the critical Movability Number vs. Particle Reynolds number for a wide range of boundary
conditions from laminar to turbulent.
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Width of a rectangular laboratory flume (mm)
Median sediment diameter (mm or m)
Hydraulic mean depth (m)
Relative roughness
Sediment diameter where % indicates the percentage of
particles finer than the indicated value (mm)
Dimensionless particle size
Gravitational acceleration (m∙s-2)
Intensity of Motion (s-1)
Number of particle displacements during time t
Movability Number
Flat bed Movability Number
Slope Movability Number
Critical Movability Number
Total number of surface particles over the sample area
Sediment transport rate per unit width of bed (kg∙m-1)
Dimensionless bedload parameter
Correlation coefficient
Hydraulic radius associated with the bed zone (m)
Particle Reynolds number
Relative density
Bed slope
Friction slope
Time interval (t)
Temperature (oC)
Shear velocity (m∙s-1)
Movability Number, Mn
Settling velocity (m∙s-1)
Bedload parameter
Depth of the flow (mm)
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Constants in the incipient motion equations
Longitudinal (streamwise) slope (degrees)
Relative submerged density
Shields parameter
Critical Shields parameter
Kinematic viscosity of water (m 2∙s-1)
Density of water (kg∙m-3)
Particle density (kg∙m-3)
Graphic sorting coefficient
Shear stress at the boundary (N∙m-2)
Angle of repose (degrees)
Exponent
Slope correction factor

Introduction
The concept of incipient motion has been of continuing interest
to researchers and engineers working with sediment movement in rivers. The fact that this seemingly simple concept still
contains many mysteries is evident from the numerous publications that continue to appear in scientific journals to this day.
There are several ways of identifying the point of ‘incipience’,
of which the best-known use parameters such as flow velocity, bed
shear stress, or stream power. Most of the published literature uses
the bed shear stress approach as popularised through the work of
Shields (1936). A number of researchers, however, have preferred
the use of the ‘Movability Number’ parameter introduced by Liu
(1957). This parameter can be derived from considerations of
velocity, bed shear stress or stream power (Armitage, 2002), and
may thus provide a useful alternative to the better known Shields
(1936) approach and its derivatives.
Key to the understanding of incipient motion is the definition of the rate of movement. Does the movement of a single
grain on a riverbed constitute incipient motion of the bed? How
about 1 grain per square metre of bed per second, and so forth?
In other words, the incipient motion of a bed (as opposed to that
of a grain) needs to be defined in terms of some ‘Intensity of
Motion’.
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