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Abstract Hindered settling, the process by which the settling
of sediment particles becomes impeded due to the proximity
of other sediment particles, can be an important process for the
coastal modeller, especially in highly muddy environments. It
is also a significant process in other disciplines such as chem-
ical engineering, the modelling of debris flow, the study of
turbidites, piping of slurries and the understanding of process-
es occurring within a dredger hopper. This study first exam-
ines the hindered settling behaviour of monodisperse suspen-
sions in order to create a framework for polydisperse hindered
settling that works for both non-cohesive and cohesive sus-
pensions. The Richardson�Zaki equation is adapted to make it
compatible with the changes with viscosity that occur near the
point at which suspensions become solid. The modified
monodisperse settling equation is then compared to data for
hindered settling of cohesive suspensions and shown to be
consistent with the transition between hindered settling and
the initial permeability phase of consolidation. Based on the
monodisperse framework developed initially, this paper pro-
poses a hindered settling model for sand/mud mixtures which

is based on a modification of the Masliyah (1979) and Lockett
and Bassoon (1979) hindered settling equation. The model is
shown to reproduce the hindered settling of a variety of dif-
ferent sediment mixtures whilst reducing the extent of empir-
icism often associated with the modelling of polydisperse hin-
dered settling of mud/sand mixtures.

Keywords Hindered settling . Mixed sediment . Numerical
model . Richardson and Zaki . Permeability . Cohesive
sediment

1 Introduction

A knowledge of particle settling velocity dynamics is ex-
tremely important when considering depositional rates and
transport fates of both mixed and non-mixed suspended sed-
iments (e.g. Chesher and Ockenden 1997; van Ledden 2002;
Winterwerp et al. 2006; Baugh and Manning 2007; Waeles
et al. 2008; Soulsby et al. 2013). Hindered settling�the pro-
cess by which the settling of sediment particles becomes im-
peded due to the proximity of other sediment particles�can
be an important process for the coastal modeller, especially in
highly muddy environments. It is also a significant process in
other disciplines such as chemical engineering, the modelling
of debris flow, the study of turbidites, piping of slurries and the
understanding of processes occurring within a dredger hopper.

The prime texts for coastal modellers regarding hindered
settling (e.g. Richardson and Zaki 1954; Soulsby 1997;
Winterwerp 1999; van Rijn 2007) were written on the basis
of work on monodisperse solutions. These formulae are not
directly applicable to the more widely encountered polydis-
perse solutions containing a range of sand as well as silt and
clay fractions. This is because the different fractions interact
with each other resulting in departure from the monodisperse
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