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ABSTRACT

Introduction

The impact of flow on the bridgg piers creates turbulent flows that cause scour around it, and as result collapse of the bridges. Failure and destruction of
bridges, in addition to causing financial and sometimes loss of life, may cut off communication routes to flooded areas. Despite to most research which
done in this field, but due to the complexity characterizes the behavior of a system and the many parameters involved in this phenomenon, there is still no
exact relationship or fundamental solution to predict scour depth. Therefore, using new methods such as artificial intelligence models can be very useful.

Methods

In recent years, artificial intelligence models such as artificial neural networks (ANNS) in various fields such as water engineering have been used to predict
the studied parameters. ANN biologically inspired computational networks. Among the various types of ANNs, multilayer perceptron (MLPs) with back
propagation learning algorithms are famous and was used by many researchers. This model relates the inputs and outputs of a system and it has been
successfullg used to map non-linear input and output relationships in a wide range of areas. It consists of a layer of input nodes and layer of output nodes,
connected by one or more layers of hidden nodes. N . o ) )

In the present study, the scour deq_th was estimated with ANN model. Also the ability of this model compared with linear and nonlinear regression models,
and also empirical relationships. To train and test of these models, the measured data which collected from literature were used. .

To estimate the scour deﬁth, several parameters such as flow characteristics, bridge geometric characteristics, etc. are involved. In selecting the next
parameters in this research, two reasons were considered: first, the parameters that have a more impact on scour depth and second, that it has been used in
the research of other researchers. Effective parameters can be arranged in Eq.1 as follows.

D, =f(vy,L,,W,,6,D,,D,) )

In which, Dsis scour depth, Py is the pier length, © is pier angle in degrees, W, is the pier width, V is flow velocity, y is depth of flow, Ds is average
Bartlcle diameter in millimeters, Dg4 is diameter of sediment which 84% of the particles have passed through sieve. ]
y Buckingham's dimensional analysis, the final forms of the dimensionless parameters that define the scour depth was derived as follows:

D, ¢k DV,
y W,'D, oy @
Results

The results of this study showed that the artificial neural network model able to predict scour depth with determination coefficient (R?) equal to 0.99 and
0.81, as well as RMSE error equal to 0.01 m and 0.32, respectlvel¥, when data was used with dimension and non-dimension forms. Linear regression model
predicted scour depth with R2 and RMSE error of 0.58, 0.60, 0.20, 0.31, and also nonlinear regression model predicted scour depth with R? and RMSE,
respectively, equal to 0.60, 0.91 and 0.42 m, 0.20. Also, the empirical equations. Also, the empirical equations of the Colorado State University between
the empirical relationships predicted scour depth with R* and RMSE error equal to 0.84 and 0.52. Comparison of the results of different models shows that
the best results are related to the artificial neural network model and it decreased error of prediction 70, 85.5 and 87.7% compared to linear regression
model, nonlinear regression model and the empirical equation of the Colorado State University, respectively.

Conclusion
In this study, different methods such as artificial neural network model, linear and non-linear regression model were used to predict scour depth around
bridge pier. Also, the performance of these models compared with previous studies. Based on dimensional analysis, dataset were used in two forms of
dimension and non-dimension.
Results showed that:
e The artificial neural network (ANN) predicts the scour depth with higher accuracy, when dimensional dataset were used.
e The accuracy of the linear regression model (LR) was better when non-dimensional dataset were used.
. Comparisont (I)f different equations from previous studies showed that the Colorado State University relationship estimated the scour depth
more accurately.
. Nonlinear regression model (NLR) has better performance compared to linear regression model (LR).
. Compgrint%ANN, and LR and NLR models with previous studies indicated that the artificial neural network model has a higher ability to predict
scour depth.
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