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Abstract
Bottom friction modelling is an important step in river flow computation with 1D or 2D solvers. It is usually performed
using energy slope based formulations established for uniform flow conditions, or using a turbulent regime based approach
relying on turbulence analysis. However, these formulations are often applied under conditions of relative roughness which
lie far outside of their validity fields. Furthermore, the theoretical definition of the roughness coefficients, defined by the different authors of both approaches, is not valid for usual numerical flow modelling, considering numerical approximations.
The value of this coefficient becomes generally dependent on the flow conditions. Following the definition of the flow validity field of the main friction formulations proposed in literature, an original formulation has been developed. It combines
2 explicit turbulent regime based formulations smoothly linked by a polynomial expression, providing a continuous formulation covering the wide range of roughness usually encountered in river flows. The formulation is suitable to model, with a
unique value of the friction coefficient, river flows with a wide range of hydrodynamic properties (water depth, discharge).
The efficiency of this new formulation, fitted to explicit friction formulations and numerically adjusted, is demonstrated
through various 1D and 2D practical applications.
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average geometric deviation
Chezy coefficient
acceleration of the gravity
water depth
friction slope
Strickler coefficient
roughness height
relative roughness
Reynolds number for pipes
Reynolds number for open channel
hydraulic radius
flow velocity
friction coefficient
cinematic viscosity

Introduction
Shallow-water equations are commonly used to numerically
model river flows (Erpicum et al., 2010). Indeed, the main
assumption of these equations is that the flow velocity component normal to the main flow plane is smaller than the flow
velocity components in this plane. This is the case for the
majority of river flows where the vertical velocity component is
negligible compared to horizontal ones, except in the vicinity
of singularities such as weirs, for example.
This paper focuses on bottom friction modelling in mathematical models based on these shallow-water equations. The
effect of bottom friction is of great importance for real flow
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computation, despite the fact that flow is generally evaluated
from energy slope based formulations experimentally determined for uniform flow conditions.
The bottom friction term should represent the whole of the
energy losses induced by flow resistance on the rough river
bed. It is thus related to the bed characteristics (shape, roughness), to the fluid characteristics (viscosity) and to the flow
features (water height, velocity, shear stress) (Morvan et al.,
2008; Verbanck, 2008).
The concept of friction slope (Carlier, 1972) was already
used over 3 decades ago to characterise bottom friction. The
friction slope is a non-dimensional number corresponding to
the slope of a prismatic channel where a uniform flow establishes for a given discharge. This concept was the basis for the
first friction formulations proposed in the second part of the
18th century, by the researchers of the so-called ‘energy slope
based’ school. Authors such as Chezy (Mouret, 1921) and
Manning (1890) proposed similar formulations based on results
of experiments consisting of measuring the friction slope for
a number of idealised flows in a laboratory flume. A second
approach appeared later following works of Prandtl (1904). It
provided formulations issued from analysis of the physics of
the shear layer phenomena, referred to as the ‘turbulent regime
based’ school.
Today, both approaches are used by free surface flow modellers, and these formulations are sometimes applied to flow
conditions far removed from those upon which the approaches
were originally based. It is thus important to keep in mind the
validity ranges for each of these formulations and to note the
lack of a single formulation able to describe the bottom friction
phenomena for largely variable flow conditions.
Furthermore, other effects affecting the flow energy, which
can either be linked to the bottom roughness, such as those
due to turbulence, or be independent, such as wind effects,
are included in the friction term used by most flow solvers
(Morvan et al., 2008). In this case, it is then important to keep
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