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Introduction & Motivation

» Bridge scour, which refers to the erosion
of sediment around the foundation of a
bridge structure, is the leading cause of
bridge failures in the United States.

* It accounts for approximately 58% of
bridge failures attributed to hydraulic
factors.

* Accurately predicting bridge scour depth
is crucial to ensure the structural
integrity, resilience, and safety of
bridges.
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Collapse of Schoharie Creek Bridge in New York due to scour (1987)

Objective of study

This study aims to advance the prediction of
bridge scour depth by harnessing the power
of ensemble machine learning (ML) models.

Methodology

Ensemble ML Models

« Ensemble models combine multiple
base ML models to make predictions.

* The aggregation of diverse models leads
to more accurate and robust results.

* Bagging and boosting ensemble ML
approaches were considered in this
study due to their effectiveness in
reducing variance and bias, respectively.
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Ensemble ML techniques: Bagging & Boosting
Dataset Description & Preprocessing

* The dataset consists of 237 instances of
bridge pier scour measurements.

* Before model fitting and training, the
dataset was split into two subsets: 80%
for training and 20% for testing.

¢ In addition, the dataset was normalized
to enhance faster convergence.
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Scour

Pier | Pier | |
Shape | width (sd';“)‘ V?":,:')" D(;P“" (::n) Gradation | depth
Factor | (m) 9 | (m)
Min 070 0.30 0.00 0.00 0.20 | 0.12 1.20 0.10
Mean | 098 | 156 | 927 | 153 | 431 |17.97| 373 1.42

| s [o20 | 118 [ 1836 | 082 | 300 2543 314 | 133
Max 1.30 5.50 85.00 4.50 2250 |65.00| 21.80 7.70
Note: Pier Shape factor = 1.3 for square pier;1 for round pier; 0.7 for sharp pier
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Correlation coefficients of the variables
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Workflow for le ML model devel

* A Deep Neural Network (DNN), linear
regression model, and eight ensemble
ML models were employed to predict
bridge scour depth.

e The DNN comprises 1 input layer with 7
neurons and 3 hidden layers with 20, 50,
30 neurons; Rectified Linear Unit (ReLU)
activation functions were applied between
its layers, and it was trained for 500
epochs using Adam optimizer.

* Hyperparameters for ensemble models
were optimized via grid search, and 10-
fold cross-validation was employed to
minimize training bias.
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Feature importance & SHAP analysis based on CatBoost model

This study proposed an ensemble ML approach
for predicting bridge scour depth. All the
ensemble models outperformed the linear
regression and DNN models, with CatBoost
yielding the best performance (R2 = 0.853).
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