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3- Multiple linear regression
4- Noise
5- Kernel
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1. Introduction

When a stream is partially obstructed by a bridge pier, the flow pattern around the pier is significantly changed.
Changes in flow pattern are the cause scour around piers. Bridge pier scouring estimates, is an important parameter
in the design of bridges because inattention to it may cause damage or reduce the life of the bridge [1-4]. The safe
and economical design of bridge piers requires accurate prediction of the maximum scour depth around their
foundations [5].

Mathematical Principles of SVM is based Russian mathematician researches [6]. Ghazanfari Hashemi and
Etemad Shahidi had predicted bridge pier scour using SVM method in a laboratory model. They showed that this
method is more accurate than empirical relationship. Although extensive studies have been conducted on the pier
scour, but a valid relationship does not exist that gives satisfactory results in different conditions [5].

Bates and Granger is one of the first research works in the field of hybrid approach [7]. Shamseldin et al. was
used combination methods such as simple average, weighted average and neural network to predict floods [8].

Studying literature reveals that there is a lack of reliable formulas for prediction of the scour depth to cover
different condition. The aim of this study is combination of the various pier scour relationships to predict the scour
depth using conventional and intelligent (SVM) methods and combination of effective parameters of this
phenomenon.

2. Methodology
2.1. Data

The data used in this study was provided by the FHWA that is relevant to existing bridges in the United States.
All used data is the result of fieldwork.

2.2. Selection of scour parameters

Scour around bridge piers (S) depends on hydraulic flow and sediment, sediment characteristics and pier
geometry. Following formula can describe relationship between scour and parameters:

S=f(P;Ps, v, U, Uy, 9, DSO' g, b! a, (p) (1)

Seven parameters in relation to scour depth (Eq. (1)) were reduced to three parameters (Eqg. (2)).

S=f uc, y, Dso, b, @, @) (2)
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2.3. SVM

In SVM regression the dependent variable y with respect to the independent variable x must be estimated. This
model such as other regression models assume there is a relationship between independent and dependent variables
f(x) =wT.@(x) + b plus the amount of noise (y = f (x) + noise). The amount of noise based on the amount of
allowable error (¢) determined. In SVM kernel function is considered as K (x;, x) = @(x;)".

The SVM are trained with a randomly training set of scour data (382 series) and the remaining 20% (96 series)
was dedicated to the validation of the model.

3. Results and discussion

Fig. 1 show observed and estimated scour depth by the Froehlich [9] for the whole data (478 series). According
to Fig. 1 Froehlich [9] estimated scour for with reasonable accuracy amounts less than 2 meters but for amounts in
excess of 2 meters, estimated scour is less than observed values. As mentioned earlier, the MBA error is -0.1 that
minus sign indicates an underestimation in scour depth prediction.

Predicted
D

Observed

Fig. 1. Comparison of observed scour depth and results of Froehlich [9]

The correlation coefficient, RMSE.and MBA error hybrid techniques and Froehlich [9] are presented at train and
test data set in Table 1. Comparison of simplest combination method (C-SAM) and Froehlich showed that the train
and test correlation coefficient and RMSE error approximately similar, but the MBE error has decreased in C-SAM.
Froehlich [9] predicts:scour depth 0.5 m less than observed depth in train and test data set But C-SAM predict 0.2 m
more than observed depth that better than Froehlich.

The correlation' coefficient and error of C-REG better than Froehlich in both phases. Correlation coefficient
increased about 0.1 and RMSE error decreased about 10% in both phases.

C-SVM correlation coefficient show significant increases into Froehlich. The correlation coefficient is 0.85 in
test phase which represents a simulation is accurate.

Comparison of three combination methods shows C-SVM is the best method to combine individual relations and
has highest correlation coefficient and minimum errors.

Table 1. Result of Froehlich [9], combination methods and P-SVM

Test Train
R? RMSE MBE R? RMSE MBE
Froehlich
[9] 0.59 0.63 -0.55 0.60 0.75 -0.52
C-SAM 0.58 0.64 0.18 0.59 0.77 0.11
C-REG 0.70 0.56 -0.17 0.71 0.63 -0.01
C-SVM 0.85 0.42 -0.15 0.86 0.45 -0.02

P-SVM 0.77 0.51 -0.22 0.79 0.54 -0.06
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In this study, the efficiency of artificial intelligence and combinatorial techniques were analyzed to estimate the
depth of pier scour using field data. Pier scour precision were studied using three methods 1- pier scour relationship,
2- combination of pier scour relationship, 3- combination of effective parameters on pier scour. Froehlich estimate
pier scour more accurately than 17 relationship but correlation coefficients 0.59 shows the results of this method is
not reliable. C-SAM, which uses simple average unable to provide satisfactory results, but two other hybrid
methods, provides better results than the C-SAM. Compare all methods show that SVM using artificial intelligence
has been succeed to combine both individual relationships and in combining parameters.
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