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Introduction

Scour around piers and abutments leads to a lot of bridge failures. Scouring around the bridge
piers and abutments is one of the most important factors in bridge failure which happens over
time and increases during floods, probably causing general damage to the bridge. Accordingly,
the accurate estimation of scouring around the bridge piers and abutments can help engineers to
take steps to deal with bridge destructions. Recently, data-driven models have been used widely
to estimate the scour depth around bridge piers and abutments. Najafzadeh, Barani and Hessami-
Kermani (2015) used a set of data-driven models such as the gravitational search algorithm and
the particle swarm optimization algorithm to estimate the scour around bridge abutments.
Sediment particles size, geometric characteristics of bridge abutment and approach flow
conditions were considered as effective parameters on scouring mechanism. The results of this
research showed that data-driven models can estimate the scour depth with high accuracy. In the
present study, M5 tree model has been used to predict maximum scour depth around bridge
abutment. High accuracy, simplicity and understandability are considered the advantages of this
algorithm. A huge amount of data from credible references have been used to build and validate
the tree model.

Methodology

In this study, 188 records of scour around bridge abutments have been used to build and verify
the proposed model. Densimetric particle Froude number (F,), foundation shape factor (Ks), flow
depth- abutment length expression (Ky,) and flow intensity factor (K,) have been used as input
variables to estimate maximum scour depth around bridge abutment. These coefficients are
introduced in Table 1.



14
Zahiril and Kashefipour 41 (1) 2018

Table 1- Foundation shape factor (Ks), flow depth- abutment length expression
(KyL) and flow intensity factor (K,) for different abutment shapes

Parameter Effective factor Parameter value
. . Spill-through abutment
Ks Abutment shape Vertical wall Wing wall 105 1
1.0 0.75 0.6 0.5
L/y <1 K, =2L
o L/y 1<L/y <25 K, =2yL
L/y >25 KyL =10y
vV <1 K, =V
K| vNC NC | NC
VN, 21 K, =1

The M5 algorithm was initially introduced by Quinlan (1992) and then developed by
Wang and Witten (1997). Two main processes are considered in the algorithm: building
the tree and deriving the knowledge from it. The first process involves dividing the input
parameter space into a smaller subspace for which a multiple regression model is
assigned. The scheme resembles an inverted tree in which the root is on the top while the
leaves are at the bottom. In the second process, a data record is introduced into the root of
the tree (Etemad-Shahidi and Taghipour, 2012). M5 constructs the regression tree by
using standard deviation reduction (SDR) factor to split the space:

Aerror = SDR :sd(l')—Z%xsd T) (1)

where T is the set of data points before splitting, T; is the data point that results from splitting
the space and falls into one subspace according to the chosen splitting parameter, and sd is the
standard deviation (Wang and Witten, 1997).

Results and Discusspn

The tree structure of M5 algorithm after pruning is shown in Figure 1. The linear equations
represented by this tree model have been converted from logarithmic state to power equations in
(2) to (4) after conversion.

Model 1:d = 0.08F°™K °“K 2K °¥ 2
s d yLb ool s

Model 2:d, =0.21F, K"K K™ @)
s d yL oo s

Model 3:d, = 0.67|:d°-12KyoLgKIl_ngl_03 "
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Ky

N

== 0.25 > 0.25
/ \
Ki Y=Model 3
/ \
<=(.85 =(0.85
// \
Y=Model 1 Y=Model 2

Figure 1- M5 tree structure to predict maximun scour depth around bridge
abutment

It is assumed that the flow depth-abutment length and the flow intensity have the greatest

impact on the tree structure. M5 model splits the input space into three subspaces and proposes a
regression equation for each sub-domain. In this research, the ratio of calculated and measured
scour depth was used as a variable in the box plot (Figure 2). The more scattered the data are
around the value of one, the greater the accuracy will be. According to Figure 2, the box of the
M5 tree model is smaller than the other equations and balanced around one, which indicates the
accuracy of the tree model in scour depth estimation.
Different statistical analyses on the proposed model and the previous equations indicated that the
tree model could predict scour depth with more precision. In the tree model, the sum of squared
errors that are widely used in scour prediction research has decreased from 22.23 to 4.37
compared with Melville and Coleman’s (2000) model. In addition, the root mean square error has
changed from 0.096 to 0.555, which indicates the efficiency of this algorithm in scour depth
estimation. Sensitivity analysis has been used to evaluate the effect of each parameter on scour
depth. The results showed that the flow depth-abutment length has the greatest effect on scour
depth and ignoring this parameter increases the sum of the squares of the error from 4.37 to
19.41.

8 N ——
& 2- } — .
=
3 T
B |
1 o [
Laursen(1963) Frochlich(1989) Melville & Coleman(2000) M5 model
Figure 2- Box plot of different methods for abutment scour prediction
Conclusions

The M5 tree model used in this research divides the problem space into three distinct parts and
provides a regression equation for each subdomain. The flow depth-abutment length expression
and the flow intensity factor in the tree structure have the greatest roles. In addition, the flow
intensity factor is the most powerful in all equations developed by the tree model, which indicates
the effect of the flow velocity on the maximum scour depth around bridge abutment. The results
of statistical analyses indicate that the tree algorithm is highly accurate compared to the
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conventional methods. Among the equations introduced by various researchers, the formula
provided by Melville and Coleman (2000) was more accurate and some of the coefficients of this
equation were used to construct the tree model in present study. Based on sensitivity analysis, the
coefficient of flow depth- abutment length was determined as the most effective parameter on the
scouring phenomenon, which is consistent with the previous studies. According to the sensitivity
analysis, removing this coefficient has reduced the accuracy of the model by 20%.
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