








































 

 

Fig. 15: Fluid height vs. time and abscissa 
obtained analytically: side- view  
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Fig. 16: Fluid height vs. time and abscissa 
obtained numerically viewed from dam-
site 

 

Fig. 17: Fluid height vs. time and abscissa 
obtained numerically: side-view  
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Fig. 18: Zoom on dam sitef or fluid height 
vs. time and abscissa obtained analytically 
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Fig. 19: Zoom on dam site for fluid height 
vs. time and abscissa obtained numerically 

 

6 CONCLUSION 

Flash floods and the debris floods 
constitute dangerous phenomena for public 
safety and quality of life. The originality of 
the present approach is to consider these 
two flood waves as special cases of a 
single global model of a dam-break flow of 
a muddy fluid, depending on the time 
scale. This unified model was presented in 
the present paper. For tackling the case 
where the fluid is muddy, the model was 
first built in the case of a Newtonian fluid 
and then generalized using an appropriate 
rheological behaviour equation.  
 
The flow regimes of the horizontal viscous 
dam-break flow are well known from 
experimental studies. At initial time (when 
the dam collapses), the fluid is released 
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downstream (positive wave), while a 
negative wave propagates upstream. The 
flow is inertial (Ritter’s solution) until the 
back wave reaches the fixed rear wall. 
Then, the viscous forces become higher 
than the inertial ones and a short time 
viscous regime takes place until. In this 
regime, the flow height at dam site has a 
(fix) characteristic value. As the reflected 
wave overtakes the positive wave, the long 
time or asymptotic regime takes place. The 
present study considered the modelling of 
these two viscous flow regimes.  
Applying the conservation of mass and 
momentum with the shallow water 
approximation, an equation of motion was 
derived and made non dimensional, when 
the viscous forces were assumed to be the 
dominant ones. It was of porous medium 
type  and similar solutions built 
analytically.  
Then, the problem was considered 
numerically. The previous equation of 
motion was approximated using an explicit 
finite difference method. The stability and 
convergence of the computations were 
insured using a criteria based on heuristic 
approach. The very good agreement 
between the numerical and the analytical 
solutions showed the consistence of the 
numerical scheme for both short time and 
long time solutions. The time evolution of 
the abscissa and velocities of the different 
front waves were determined, as well as 
the different characteristic heights. 
 
A general model of debris flows was 
developed. Using the assumption of a 
Herschel-Bulkley behavior scheme, the 
conservation of mass and momentum 
equations with the shallow-water 
approximation were considered without a 
priori  values assigned to the rheological 
parameters. A general equation of motion 
in a non dimensional form was obtained, 
which reflects both a Newtonian fluid and 
a power-law fluid for particular values of 
the rheological parameters. The general 
characteristics of this strongly non linear 
partial differential equation were pointed 

out, such as the location of the yield 
surface and the abscissa of the wave front 
at the stoppage.  
The special configuration of a horizontal 
dam-break flow was then considered. It is 
important for environmental engineering 
and natural risk assessment with regard to 
mudflow. For the limiting case of an 
inertial flow, where the inertial effects are 
dominant, the equation of motion was 
solved by the method of characteristics. It 
was pointed out that the flow develops in 
the form of two waves. A positive wave, 
propagating downstream with constant 
speed, associated to a negative one 
propagating upstream with half that speed. 
So, it could be pointed out that one effect 
of the yield stress is to slow down the wave 
front propagation both in the downstream 
direction and in the upstream direction 
with respect to the Newtonian case. 
Another effect of the yield stress is to state 
the fluid height at the positive wave front 
at a value depending on the yield stress, while this 
height is zero in the Newtonian case. 
Finally, considering the equation of motion 
in the configuration of the equilibrium 
state where the inertial effects are 
negligible and the friction stress reduces to 
the yield stress. the main characteristics of 
the stoppage were determined, i.e. the 
depth at the fixed rear wall of the reservoir, 
the stage at the wave front, and the 
abscissa of the wave front. 
 
The flow generated by the collapse of a 
dam retaining a muddy fluid was 
considered theoretically. The fluid is 
assumed viscoplastic following a Herschel-
Bulkley rheological law. The equations of 
conservation of mass and momentum were 
written in a non dimensional form with the 
shallow water approximation. Assuming 
the inertial effects dominant against the 
viscous ones in order to model a flash 
flood event an equation of motion was 
built. Then, an implicit equation was 
formed for the friction slope. The equation 
of motion could then be solved using the 
method of characteristics. The law of 
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propagation of the front of the positive 
wave was provided, and the back wave as 
well. The corresponding laws of 
propagation for the Newtonian fluid and 
for the power law fluid were recovered 
when appropriate values of the rheological 
parameters were used. Piau [33] gave 
ad’hoc similar relations. In this paper, a 
proof was given of this solution and it is a 
crucial step for implementing the 
kinematic wave theory for the muddy 
fluids [48]-[49] in our model. 

The horizontal dam-break flow of mud 
modeled by a power-law fluid was 
considered analytically. The channel was 
smooth and dry at initial time. The solution 
of such problem depends on the time scale. 
The inertial regime characterized by 
dominant inertial forces, takes place 
immediately after dam collapse, and holds 
until the negative wave touches the rear 
wall. In such an inviscid solution (Ritter 
solution), the rheological behaviour of the 
mud has no influence. Then, the viscous 
forces become the dominant forces and a 
viscous solution is obtained. Applying the 
conservation of mass and momentum with 
the shallow water approximation, an 
equation of motion was derived and made 
non-dimensional. The analytical and the 
numerical solution of this viscous flow was 
worked out in terms of wave front 
dynamics and spatio-temporal variations in 
the fluid height, with a self-similar form. 
The short time solution holds until the 
wave reflected by the (fixed) rear wall 
overtakes the front and then the long time 
one governs the asymptotical flow 
dynamics and shape. The limiting case of a 
Newtonian fluid derived from this solution 
was successfully compared with previous 
experimental, analytical and numerical 
solution. Then the shear thinning property 
of the mud was pointed out. It was notably 
shown that the general features of the 
physical description of the development of 
the dam-break flows of both the water and 
the mud are similar. Moreover, all these 
results illustrate the increasing of the 
velocity of the negative wave and the 

positive wave with power law index, due 
to lower friction for the water than for the 
mud characterized by the same 
consistency. Finally, for all the tested 

values of the power law index ( )12.0 ≤≤n , 
the maximum heights at given station 
versus the corresponding abscissa were 
described by a single graph.  
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