


Introduction: 

Scour can be defined as a digging and sediment removal around hydraulic structures and river bed. The 

local scour is a major case of the failure of bridge foundation abutment and pier (Cardoso and Feal 2010). 

One thousand bridges have collapsed over the last 30 years in the United States and 60 percent of those 

failures are due to hydraulic failure including bridge foundation scour (Shirole 1991).  

 

Local scour at abutment (Sturm et al. 2011)  



Due to geotechnical and financial reasons, actual bridge abutments are built on a foundation (or pile cap) 

with or without pile group. Most studies have been carried out for abutment with uniform cross sections  

(e.g., Melville 1997; Coleman 2002, Dey and Barbhuiya 2006; Kandasamya and  Melville 2010; Ballio 

2010) , but due to geotechnical and economical reasons, the real bridge abutments are built on a 

foundation (Ashtiani 2010).  Similarly, most scour depth equations in literature focus on scour around 

uniform abutments (Sturm and Janjua, 1994; Melville 1997; Dey and Barbhuiya 2004) and did not 

consider the effects of foundation geometry.  

 

 

Complex pier and abutment in Malaysia (Muda and Kurau rivers) 



Problem Statement: 

In spite of using the complex abutments at river 

bridges, there is limited information about the effect 

of the foundation on scour abutments, and only 

FHWA (HEC-18) has a few suggestion, “The 

preferred design approach is to place the abutment 

foundation on scour resistant rock or on deep 

foundations such as piles.” But generally the 

foundation become expose to the flow due to scour, 

caused by the abutment. Therefore, a method is 

needed to predict scour depth around complex 

abutments based on foundation dimensions, 

Alternatively, abutment scour failure may be 

reduced by proper design of the foundation.  
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Exposed Foundation and pile after failure at part of Abutment 

in a) Atlanta metro area (Sturm et al. 2011); b) Kurau River, 

Perak, Malaysia 



 
 

Research Objectives: 
 

The main objectives in this study are: 

  

1. To evaluate the time variation of scour depth at complex abutment. 

 

2. To investigate the effects of the foundation on local scour at vertical wall short abutment 

(complex abutment) and developing a new equation to predict scour depth. 

 

3. To estimate time dependent processes of scour depth around uniform short abutment 

using three method Non-linear regressions, Artificial Neural Networks (ANNs) and 

Genetic programming. 

  



Material and methodology: 

 

All experiments were carried out in a flume at REDAC’s Physical Modelling Laboratory, Universiti 

Sains Malaysia. The flume consists of an inlet section, baffle, a 6.0 m long channel and an outlet section. 

The flume wide was 0.6 m with a maximum depth of 0.60 m.  

 

 

 

 

 

 

 

 

 

 

 

Rectangular flume at REDAC’s Physical Modelling Laboratory 



Material and methodology: 

 

The  flume bottom was covered by plywood as a false bottom with 0.6 m width and 0.25 m high. A 

sediment recess place was considered at x=3.5 m from the inlet of the flume. The flow velocity was 

measured in different point using the Streamflo current meter.  

 



Physical Simulation and Abutment shapes: 

 

The dimensions and shapes of abutment and foundation were representative of those of bridge KU8 at Sungai 

Kurau, Perak, Malaysia.  

 

Sungai Kurau(KU8) 



L 

(cm) 

Lf 

(cm) 

B 

(cm) 

Bf 

 (cm) 

L/B ymin 

(cm) 

ymax 

(cm) 

Umin 

(cm/s) 

Umax 

(cm/s) 

L/ymax 

Prototype 120 160 300 400 0.4 36 191 27 112 0.63 

Model  4.00 5.33 10.00 13.33 0.4 1.2 6.37 4.94 20.38 0.63 

Physical Simulation and Abutment shapes: 

 

Dimensions of prototype in sungai Kurau show that the abutment can be considered as a vertical wall short 

abutment (L/y<1) in both high and low flow. In this study the short abutment was selected for experiments. 

The dimension of prototype was scaled down using a scale of 1:30. 

 



Abutment 

Type 

Abutment 

name 

Abutment 

L(mm) 

Abutment 

B(mm) 

 

Foundation 

Lf(mm) 

Foundation 

Bf(mm) 

 

Uniform AB-I 40 80 - - 

Uniform AB-II 55 110 - - 

Uniform AB-III 70 140 - - 

Uniform abutment  

a) AB I; b) AB II; c) AB III 

Physical Simulation and Abutment shapes: 

 

To estimate the time variation of scour depth around short-abutment, the experiments were divided in two 

group. At first, a set of experiments were conducted on uniform abutment (AB-I, AB-II and AB-III ).  

 

 



Complex abutment  

a) FA 33; b) FA 42 c) FA 43 

Abutment 

Type 

Abutment 

name 

Abutment 

L(mm) 

Abutment 

B(mm) 

Foundation 

Lf(mm) 

Foundation 

Bf(mm) 

Complex FA 21 40 80 55 110 

Complex FA 33 70 140 90 180 

Complex FA 42 55 110 120 240 

Complex FA 43 70 140 120 240 

Physical Simulation and Abutment shapes: 

 

In the second group of experiments, time variation of scour depth was estimated in presence of foundation 

when the foundation was located in different level of foundation (Z).  

 



Pictures 

Bed topography: 

 

A point gauge was fabricated based on Armfield standard with an accuracy of  1.0  mm to measure the 

topography of the scour hole after each experiment. 

scour pictures.pptx


Estimation of Scour depth with time: 

 

A camera was installed inside the water proof abutment to evaluate the trend of scour depth with respect to 

the variation of time. A transparent ruler was used in the upstream nose of the abutment. The pictures were 

taken at every four minutes using the camera. 

Time depended  

Time dependence.pptx


Variation of  scour depth with time: 

 

 Second camera was installed at top of the flume to record the variation of the sour hole topography with 

time. Also, the flow patterns around abutment were collected using this camera. 

Topography Flow patterns 

Topography.pptx
Topography and the flow patterns.pptx


1-Scout at uniform abutment 

1.1- Intermediate and Short Uniform Abutment 

1.2- Short Uniform Abutment 

2- Scout at complex abutment 

Result and Discussion: 



Temporal scour at Intermediate and short uniform Abutment:  

Three long-duration experiments were carried out to find equilibrium scour around the uniform abutment 

under clear-water condition. An extensive data set in range of intermediate (1≤L/y<25)and short abutment 

(L/y<1) was collected from the experiments and other researches to predict time dependent scour depth. A 

good agreement was observed between the present study and the collected data. The Multiple Linear 

Regression (MLR), Genetic Programming (GP) and two artificial neural networks, feed forward back 

propagation (FFBP) and radial basis function (RBF), were employed to predict the time variation of scour 

depth at intermediate and short abutment. The equations were developed based on dimensional(ds)  and 

non dimensional data (ds/dse and ds/L). 

 

Intermediate and Short Uniform Abutment 



The FFBP with two hidden layer and dimensional data  produced the best results in comparison to GP and 

regression equations. Although the Cardoso and Bettess (1999) gives a better prediction in comparison with other 

conventional equation but, the developed regression and GP model improved the results 

 

  

 

 

 

 

 

Model 
Independent 

Parameters 

Training Testing 

R2 RMSE MAE R2 RMSE MAE 

FFBP 

two hidden layer 

(Dimensional data) 

ds 0.998 0.004 0.003 0.995 0.007 0.0039 

Genetic Programming 

 (Eq. 4.10) 
ds/dse 0.959 0.049 0.034 0.956 0.049 0.034 

Non Liner Regression  

(Eq. 4.8) 
ds/dse 0.955 0.052 0.036 0.956 0.049 0.035 

Cardoso and Bettess 

(1999) 
ds/dse 0.942 0.099 0.083 0.945 0.099 0.083 

Coleman et al. 

(2003) 
ds/dse 0.938 0.072 0.054 0.942 0.068 0.050 

Ballio and Orsi 

 (2001) 
ds/dse 0.704 0.310 0.279 0.706 0.301 0.272 

FFBP-two hidden layer 

(Non-dimensional) 
ds/dse 0.998 0.0074 0.0048 0.997 0.0106 0.0063 

Genetic Programming 

 (Eq. 4.9) 
ds/L 0.929 0.183 0.138 0.926 0.186 0.137 

Non Liner Regression 

(Eq. 4.7) 
ds/ L 0.769 0.244 0.173 0.808 0.231 0.174 

Oliveto and  Hager  

(2002) 
ds/ L 0.548 0.764 0.605 0.511 0.815 0.653 

Yanmaz and Kose  

(2007) 
ds/ L 0.463 0.419 0.312 0.432 0.435 0.334 

 

 

 

 

 

Intermediate and Short Uniform Abutment 



Temporal scour at short uniform Abutment: 

A library data sets with 995 data were used to predict the time dependence of scour at short abutments (L/y≤1). 

The data sets were collected from this study and previous researches given by Dey and Barbhuiya (2005), and 

Ballio and Orsi (2001). Approximately 80% of data (800 sets) was chosen randomly for training and the 

remaining 20% (195 sets) was used for testing.  

The equations were developed using the non-dimensional data (ds/dse) and three methods.  The Multiple Linear 

Regression (MLR), Genetic Programming (GP) and two artificial neural networks, feed forward back propagation 

(FFBP) and radial basis function (RBF).  

 

 

 

 

 

 

 

Short Uniform Abutment 



Temporal scour at short uniform Abutment: 

Result show the FFBP neural network with two hidden layers provided a better prediction as compared to the 

empirical equations. The presented regression ( Eq. 4.11) and GP ( Eq. 4.11) methods predict the temporal scour 

depth with high accuracy as compared to existing empirical equations, and result of these equations  is 

comparable with the neural network. 

 

 
Model 

Training Testing 

R2 RMSE MAE R2 RMSE MAE 

FFBP (Two-hidden-layer) 0.998 0.0079 0.0051 0.997 0.0113 0.0071 

FFBP (one-hidden-layer) 0.996 0.0124 0.0083 0.995 0.0145 0.0091 

RBF 0.95 0.0467 0.0319 0.952 0.0466 0.0318 

GP ( Eq.4.12) 0.957 0.0552 0.0431 0.959 0.054 0.042 

Present regression ( Eq.4.11) 0.960 0.059 0.041 0.958 0.059 0.041 

Coleman et al.(2003) 0.942 0.076 0.059 0.936 0.078 0.062 

Cardoso and Bettes(1999) 0.943 0.104 0.087 0.932 0.100 0.081 

Yanmaz and Kose (2007) 0.809 0.217 0.191 0.823 0.205 0.176 

Ballio and Orsi (2001) 0.888 0.247 0.224 0.903 0.244 0.220 

Oliveto and  Hager (2002) 0.634 0.460 0.400 0.594 0.503 0.436 

Short Uniform Abutment 



Scour hole Dimension at short uniform Abutment: 

Results indicated that the dimension of the scour hole in the x-direction ranged from 3L to 5L upstream and 

downstream of abutment respectively, and also 4L in the y-direction. The upstream slope was found 30-60% greater 

than downstream slope. 

 

 

 

Short Uniform Abutment 



Complex  Abutment: 

Three cases are considered in complex abutment.  

Case-I : the foundation level located below the scour hole. 

Case-II : the scour depth reaches the top of the foundation. 

Case-III: the foundation top would be located within the scour hole. 

 

 

  

Complex Abutment 



Time variation of scour depth around complex abutment: 

The trend of local scour around abutments is time dependent. Generally, the scour depth developed to the top of 

the foundation quickly, and then the extension of foundation around the abutment protected the bed from scour 

and postponed the scour development, which depends on foundation level. 

 

  

Scour depth development for FA 42 (a) normal scale; (b) Logarithmic scale 

a) b) 

Complex Abutment 



Scour hole development at complex abutment: 

In Case I, the scour depth depends on the abutment length (L), and the scour hole around the 

abutment is similar to uniform abutments. 

In Cases II , the depth of scour is usually 

smaller than the maximum scour depth for 

uniform abutment. Starting from a Z/L 

approximately equal to 2 and subsequently 

decreasing, the top of the foundation rises to 

the scour hole, and the depth of scour 

decreases and reaches a minimum at a value of 

Z/L ≈1. 

In Case III, relative scour depth (ds/L) 

increases with  decreasing  Z/L, in this region 

always ds>Z. 

Complex Abutment 



Estimating scour depth at a complex abutment: 

Two methods, the effective length and Multiple Linear Regression (MLP), were suggested to predict the 

depth of scour at complex abutment.  

 

 

    



Effective length at a complex abutment: 

Following figures show that the effective length method (Equation 5.14) outperforms in high value predictions, as 

reflected in its higher R2=0.93 and  low RMSE=0.13 as compared to other methods. 

 

 

 

 

 

 

 

 

 

Comparison of scour-depth in terms of effective length and 

experimental data(Eqs. 5.11 to 5.14) 

 Comparison between observed and predicted data using 

regression method (Eqs. 5.15 to 5.17) 

Complex Abutment 
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Conclusions: 

 
1. The trend of local scour around complex abutments is time dependent and similar to uniform 

abutment. 

 

2. the scour depth develops on the top of the foundation quickly, and then the foundation 

extensions around the abutment protected the bed from scour and postponed the development 

in depth of scour.  

 

3. The scour depth around a complex abutment is sensitive to the foundation level. 

 

4. In complex abutment, the location of the maximum scour depth is independent of the 

foundation size and its level, which usually occurs in the nose of the complex abutment. 

 

5. Approximately 80 to 90% of the maximum scour depth occurred during the initial  20 to 40% 

of the equilibrium time. 

 

6. Although the neural network provided a satisfactory prediction with high accuracy, but the 

presented Regression and GP equations are more practical. 

 

7. the dimension of the scour hole in the x-direction ranged from 3L to 5L upstream and 

downstream of abutment respectively, and also 4L in the y-direction. 

 

 

 

 

 




