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Abstract

The performance of soft computing techniques to analyse and interpret the experimental data of local scour depth around 
bridge abutment, measured at different laboratory conditions and environment, is presented. The scour around bridge piers 
and abutments is, in the majority of cases, the main reason for bridge failures. Therefore, many experimental and theoretical 
studies have been conducted on this topic. This study sought to answer the following questions: Firstly, can data collected 
by different researchers at different times be combined in one data set? Secondly, can we determine any unquantified effects 
such as data differences, laboratory conditions and measurement devices? Artificial neural networks (ANN) are used and a 
basic ANN model is selected to observe the application problems, in order to avoid any misleading conclusion arising due to 
the model parameters selected and the compilation of different subsets of experimental data into one set. At the first stage, 
seven experimental data sets are compiled to address the first question and an ANN model is used to discovery any existing 
discrepancies between available data groups. The importance of selected model parameters for the model’s performance 
was demonstrated by increasing the number of parameters. Then, each data subset was inspected to expose the importance 
of the homogeneity of data groups in order to obtain a best-fit ANN model. Finally, a sensitivity analysis was carried out 
to obtain the dominant parameters of the problem. It was concluded that the use of ‘soft’ computational techniques such as 
ANN can be beneficial, provided the user is aware of the heterogeneity of the data set and the physical context of the subject 
or problem being addressed.  However, as with other data analysis techniques, elaborate inspection of data and results is 
required. 
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Introduction

Over the past few decades, statistical studies have shown 
that the most common cause of bridge failures is the removal 
of bed material around bridge foundations (Yanmaz, 2002). 
Abutments and piers are the component of a bridge foundation.  
Scour is classified as general scour, contraction scour and local 
scour. General scour involves the removal of material from 
the bed and banks across all or most of the width of a channel. 
This type of scour, natural or man-induced, needs both sedi-
ment and geomorphologic analysis. Contraction scour results 
from the acceleration of the flow due to either a naturally- or 
bridge-induced contraction. The basic mechanism causing local 
scour at bridge piers and abutments is the formation of vortices 
at their base. Generally, depths of local scour are much greater 
than general or contraction scour depths, often by a factor of 
10 (FHWA, 2001). Flow pattern and mechanism of local scour 
around a pier and abutment are complex phenomena resulting 
from the strong interaction of the 3-dimensional turbulent flow 
field around the bridge foundations and the erodible sediment 
bed. Piers and abutments are usually considered to be similar 
in the context of scour phenomena (Laursen, 1962; Melville, 
1997). Shirhole and Holt (1991) studied more than 1 000 col-
lapsed bridges and reported that 60% of failure is due to the 
scour of foundations. Although the scour depth at a abutment 
was found to be less than that at the equivalent pier due to the 

boundary layer effects induced by the channel wall (Kothyari 
and Ranga Raju, 2001), there are more cases accounted for 
by abutment scour depth than pier scour depth. For instance 
Federal Highway Administration (FHWA) of the USA studied 
about 383 bridge failures resulting from catastrophic floods 
(FHWA, 2001) and showed that 25% of the failures involved 
pier damage while 75% included abutment scour.  Begum et al. 
(2011) stated that the number of existing bridge abutments may 
be higher than the number of bridge piers since most bridges 
are single. In addition, they also declared that due to consider-
able investigation of the phenomenon of pier scour, a reliable 
design method is presently available; on the contrary, the 
evaluation of scour around abutments is in a preliminary stage.  
Further, Brice and Blodgett (1978) reported that damage to 
bridges and highways from floods in 1964 and 1972 amounted 
to about US$100 000 000 per event in the USA. Sutherland 
(1986) compiled a dataset for all major flood hazards in New 
Zealand during the period 1960-1984. Among 108 recorded 
failures, 29 were attributed to abutment scour. Kandasamy and 
Melville (1998) found that 6 of 10 bridge failures that occurred 
in New Zealand during Cyclone Bola were related to abutment 
and approach scour.  Macky (1990) also reported damage due 
to scour in New Zealand. Shirhole and Holt (1991) examined 
823 bridges which had collapsed since 1950 and concluded that 
60% of them resulted from bed scour or change of flow pattern. 
There have been a number of floods which led to bridge failures 
in Turkey over the past few decades: in the province of Trabzon 
in 1990, Malatya in 1991, Bartin in 1998, Hatay in 2001, and 
Mersin in 2001 (Yanmaz, 2002). Scour depth estimation at 
bridge foundations is a problem that has perplexed designers 
for many years (see Melville, 1997; Melville and Coleman, 
2000; Graf, 2001; Yanmaz, 2002; Barbhuiya and Dey, 2004; 
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