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Abstract:
Headcuts, defined as a natural vertical drop in the bed elevation of an erosive channel, are a significant
mechanism of soil erosion. Impinging flow at the overfall concentrates flow energy in a localized area.
Headcut development is a transient event, with progressive erosion causing expansion of the scour zone
and a concurrent upstream migration of the headcut position. Much past research has focused on
modeling headcut formation and movement, but no existing model has been generally tested and
accepted. The erosive process is complex, highly variable, and not well understood. A headcut model
could be applied to predict earthen spillway damage and to other cases where catastrophic localized
scour is of concern.

The current study is designed as a theoretical and experimental investigation of headcut erosion in
stratified soils. A two-dimensional, analytic model is constructed and predicts headcut advance rate for
the case of a cohesive soil layer overlying a non-cohesive soil base. The model integrates two primary
processes: scour hole formation in the base soil and mass failure of the cohesive surface layer. A
laboratory-scale physical model is used to test and calibrate the analytical model under ideal, controlled
conditions.

Soil mass failure is modeled as a cantilevered beam failing in bending, with soil tensile strength as the
limiting parameter for beam stability. Data from beam failure experiments shows decreasing tensile
strength with increasing moisture content for the clay used in physical modeling. A modified cantilever
model incorporates hydraulic forces acting at the headcut and predicts mass failure length of the
surface layer. Applied to flume experiments, the modified analytical model predicted failure lengths
with an average error of 25%. This result suggests that the cantilever model successfully represents
mass failure in the two-layer soil geometry.

The integrated analytical advance model predicts linear headcut movement with time in a cyclic, self
propagating mode. Flume data collected with varying discharge rates and cohesive layer thicknesses
show linear headcut movement, supporting the model premise. The analytical model predicted
observed rates with an average error of 40% over six data sets. The model development represents a
step forward in deterministic headcut characterization and sets a precedent for headcut advance rate
predictability in a dual layer geometry, which had not been specifically considered to date. 
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