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Rheological Properties of a Natural Estuarine Mud
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1 INTRODUCTION
Cohesive sediments are commonly found in
estuaries. They are natural suspensions, mainly
composed of clay mineral particles (plus sand
and organic matter), with variable physical and
mechanical properties depending on numerous
parameters : density, mineral and organic con-
tent, pH and ionic strength of the medium, tem-
perature [1]. The study of the transport of these
natural complex fluids, when subjected to oscil-
latory shear by water waves, or simple shear by
current, is of great interest from both an eco-
nomical and an ecological point of view. Indeed
their accumulation in estuaries may not only hin-
der navigation but also induce environmental
pollution by the presence of contaminants held
in sediments. Thus, for coastal management, it is

of great importance to know whether planned
projects will diminish or increase siltation. In
order to make such predictions, hydro-sedi-
mentary models are being used as current tools;
IFREMER, in France, has been working on such
models for many years. Still getting good predic-
tions from such modeling needs both relevant
constitutive laws, and accurate quantitative
description of the rheological parameters of
these equations, as a function of physical or
physico-chemical parameters (e.g. density).

Hydrodynamic, mainly oscillatory, forc-
ing of cohesive sediments was studied in numer-
ous modeling research works, but with sediment
rheological properties assumed rather than mea-
sured. In these works, the behavior of the sedi-
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turation of the mud above critical relative dis-
placements of neighboring particles. This
destructuration process finally leads to a lique-
faction (G’’ > G’) of the mud at a strain amplitude
gliquif of about 100%, above which the sediments
progressively lose their cohesive character. The
transitions gdestruct and gliquif are certainly the
most relevant one regarding the rheological
response of natural muds. Indeed strain ampli-
tudes of a few % are commonly encountered in
natural hydrodynamic forcing [12], therefore liq-
uefaction is expected to occur quite frequently,
even for sediments which are very dense and
cohesive at rest. At last, it is worth noticing that
the order of magnitude of gliquif was found for
another type of estuarine sediments, namely
Seine estuary muds [12].

The mechanical transitions defined
above mainly concern non-linear rheological
behaviors of the mud. As far as linear rheological
properties of this material are concerned, this
work shows that the density dependence of the
Newtonian viscosity h0, and the linear viscoelas-
tic moduli G’0 and G’’0 can be satisfactorily fit-
ted by an exponential function. Such exponen-
tial dependence of material properties with
density, or volume fraction, was observed for
other natural estuarine muds [12] and, more gen-
erally, for many other clay-water systems [13],
even though the microstructural interpretation
of such an exponential increase is not yet clear.

The qualitative and quantitative rheolog-
ical results presented and discussed in the paper
will be compared with those obtained on many dif-
ferent natural estuarine cohesive sediments in a
near future in order to study the influence of min-
eral and organic content, granulometry and sea
water properties on the rheological transitions
and material properties studied in this work.
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function of the density of

the mud.
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