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Abstract: Erodibility of a soil is defined here as the relationship between the erosion rate of a soil dz /dt and the velocity v of the water
flowing over it, or the relationship between the erosion rate of a soil dz /dt and the shear stress developed by the water at the water-soil
interface. This is called the erosion function. The test used to measure the erosion function of the levee soils is the erosion function
apparatus test. The test consists of eroding a soil sample by pushing it out of a thin wall steel tube and recording the erosion rate for a
given velocity of the water flowing over it. Several velocities are used and the erosion function is defined. A new erosion category chart
is proposed to reduce the erodibility of a soil or rock to a single category number. Twenty three samples were retrieved from 11 locations
at the surface of the levees around New Orleans. Thirteen were samples from Shelby tubes while ten were bag samples. The results
obtained show a large variation of erosion resistance among the soils tested. Some of the levees associated with the location of the samples
resisted the overtopping erosion very well; others eroded completely. On the basis of the erosion test results and of the observed behavior
of the levees during the hurricane, a chart is presented which can be used to select soils for overtopping resistance. Numerical simulations
were performed using the program CHEN 3D to obtain the distribution of velocity vectors in the overtopping flow and of shear stresses
at the interface between the water and the levee surface. The comparison of the numerical simulation results and of the erosion function
gives added credibility to the proposed levee overtopping erosion chart.
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Introduction

Hurricane Katrina devastated the New Orleans area on August 29,
2005. Some of the reported numbers include 1,300 deaths,
500,000 people having left the area, and some 100 billion dollars
of economic loss. The impact of that storm was significantly in-
creased by the fact that some levees failed.

This paper addresses the erosion aspect of the New Orleans
levees as they were overtopped by sheet flow �Figs. 1 and 2�. The
possible erosion of the levees by wave attack prior to overtopping
sheet flow was not studied in this work. Results of a literature
review on levee overtopping are presented first followed by the
results of erosion tests on samples collected from the levees, and
numerical simulations to understand the velocities and shear
stresses associated with the overtopping process. A comparison is
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made between the analysis work and the observations during the
hurricane. This process helps in proposing an erosion resistance
chart in the case of levee overtopping.

Erodibility: Definition

Erodibility is a term often used in scour and erosion studies.
Erodibility can be defined as the relationship between the velocity
of the water flowing over the soil and the corresponding erosion
rate experienced by the soil �Figs. 3 and 4�. This definition of
erodibility presents some problems because water velocity is a
vector quantity which varies everywhere in the flow and is theo-
retically zero at the soil water interface �Fig. 5�. It is preferable to
quantify the action of the water on the soil by using the shear
stress applied by the water on the soil at the water-soil interface
�Fig. 5�. Erodibility is therefore defined here as the relationship
between the erosion rate ż and the hydraulic shear stress applied �
�Figs. 3 and 4�. This relationship is called the erosion function
ż���. The erodibility of a soil or a rock is represented by the
erosion function of that soil or rock. This erosion function can be
obtained by using a laboratory device called the erosion function
apparatus �EFA� �Briaud et al. 2001�.

The idea of quantifying the erodibility of a soil or rock by a
single number is attractive because of its simplicity. Erosion cat-
egories are proposed to associate a single number to the erosion
function �Fig. 6�. This erodibility classification chart of Fig. 6 is
proposed here for the first time. It is based on years of experience
in testing soil samples in the EFA. It was constructed by deciding
to have six categories which would cover the range of erosion
functions collected over 15 years of testing. The scale of the

critical shear stress was set first on the horizontal axis and asso-
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