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Abstract

Introduction: Erosion is a natural phenomenon caused by water flow
over erodible surfacesin rivers and channels. Localscour, a component of
morphological changes in waterways, often results from human-made
structures. Experimentalstudies demonstrate that erosion processes driven
by shear stress and flow scouring at the end of protected beds can
progressively destabilize riverbeds, potentially leading to structural
failure. Predicting scour hole dimensions is thus critical. Scour involves a
two-phase flow (water and ) influenced by variables such as flow
conditions, bed characteristics, time, and channel geometry.
Consequently, researchers have focused on experimental investigations to
understand these dynamics.

Methods:  This study combines empirical observations of scour
phenomena with analyticalmethodsto evaluate erosion rates. A practical
equation with high predictive capability was sought. A tree-trunk
deflector model was tested in a straight flume (10 m length x 0.5 m width
x 0.5 m height), elevated 1.3 m above the laboratory floor, with a bed
slope of 0.001. The flume featured an iron bed/framework, glass walls,
and a downstream triangular weir (90° apex angle) for flow measurement.
A sliding gate controlled water depth. The fixed bed spanned 60 cm, with
17 cm of uniform sand (median grain size d<sub>50</sub> =1 mm,
standard deviation 3.1) overa 210 cm length. Bed profiles were measured
using a 1 mm-accuracy depth gauge aftereach test.

Results: A neural network model incorporating dimensional and
dimensionless parameters was developed. Sensitivity analysis identified
key variables, and a modified DOT relationship (Mahdavi-Zadeh, 20XX)
with adjusted C<sub>h</sub> coefficients was proposed. Nonlinear
regression equations derived from Buckingham n-theorem were compared
to neural network performance. Models with 10 hidden-layer neurons
outperformed single-neuron models in estimating scour depth (validated
via SPSS), showing higher correlation (e.g., R<sup>2</sup> > 0.9) and
lower mean squared error (MSE). Scour depth and flow depth were most
influential, while time significantly affected scourwidth.
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Extended Abstract

Introduction

Erosion is a natural phenomenon caused by water
flow over erodible surfaces in rivers and channels.
Localized erosion, particularly downstream of
hydraulic structures, plays a crucial role in riverbed
morphology. Shear stress and flow scouring at the
end of protected beds can lead to progressive
destruction, ultimately threatening the stability of
hydraulic structures. Accurate prediction of
scouring dimensions is essential for effective river
management and infrastructure protection. This
study investigates the scouring patterns
downstream of solitary tree deflectors in a straight
channelto improve understandingand modeling of
erosion processes.

Materials and Methods

Experiments were conducted in a laboratory flume
with a controlled flow system to analyze the
scouring effects of solitary tree deflectors. The
channel was straight with specific dimensions, and
the deflector was placed at different locations to
observe variations in scour depth and patterns.
High-precision instruments were used to measure
flow velocity, water depth, and sediment
displacement. Different hydraulic conditions were
tested, and numerical modeling was performed to
compare experimental results with theoretical
predictions.

Findings and Discussion

The results indicated that the presence of a solitary
tree deflector significantly altered the flow pattern,
leading to localized scouring downstream. The
maximum scour depth was observed near the
deflector’s downstream edge, where shear stress
was highest. Increasing the flow velocity
intensified the erosion process, confirming the
direct relationship between hydraulic conditions
and scouring behavior. Comparison with numerical
models showed good agreement, validating the
experimentalsetup and highlighting the importance
of considering flow turbulence and sediment
transport in scouring predictions.

Conclusion

The study demonstrated that solitary tree deflectors
influence erosion dynamicsin a straight channelby
modifying flow structures and enhancing localized
scouring. Understanding these effects can aid in
designing more effective erosion control strategies
for river management. The findings suggest that
incorporating deflectors in river engineering can
help mitigate  uncontrolled erosion  while
maintaining ecological balance. Further research is
recommended to explore different deflector

configurations and their impact under varying
hydraulic conditions.
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