
112 

RESEARCH JOURNAL OF FISHERIES AND HYDROBIOLOGY, 10(13) Special 2015, Pages: 112-117 

Hamed  nayebi and Mohammad Shirvani, 2015 

 

RESEARCH JOURNAL OF FISHERIES AND HYDROBIOLOGY 

 
© 2015 AENSI Publisher All rights reserved 

ISSN:1816-9112  

Open Access Journal 

Copyright © 2015 by authors and American-Eurasian Network for Scientific 

Information. 

 

This work is licensed under the Creative Commons Attribution International License 

(CC BY). http://creativecommons.org/licenses/by/4.0/ 

  

 

Providing basic equation for predicting 
the maximum scour depth of lateral 
bridges 
1Hamed  nayebi and 2Mohammad Shirvani 

 

ABSTRACT 
One of the main reasons is the failure of the bridge scour. Thus, one of the important issues 
that experts predict scour depth is facing. Although many studies find a relationship Due to 
anticipated scour depth the foundations of the bridge is done, most of them with errors in 
estimating scour depth of scour due to the complexity of the problem they are facing. The 
failure by a number of methods available data is compared. There are five components of 
the relationship is better than no relationship, and that is only one component (dR) ̅ more 
about Melville is about 0.03. 
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INTRODUCTION 

 

Mostly due to the failure of the bridge scour their base at the time of the flood. High surface runoff, such as 

bridge piers scouring flood can cause the collapse of the bridge structure. So one of the main reasons for the 

failure of the bridge scour can be considered. In this article we scour around bridge piers adjacent ward provide 

correlation with the error is less than the existing relations. Since scour mechanism of action is different in 

different places, The scour are divided into two types. The first type of such scour rivers and other sections of 

the gradual contraction scour, scour is local.  

This type of scouring downstream of hydraulic structures around the breakwater at the bridge foundations 

And in general wherever there are local increases in intensity currents caused. In total scour occurs The front of 

the base are blocked. Based on the interaction of water and an upper horizontal vortex and end base will be 

formed, Along the base of the heel and cause a vortex ring moves downstream base (Richardson,2001). 

Vertical flow field around the base of the bed of loose sediments are complex. 

This complexity increases with the development of the scour hole,  And creates a three-dimensional vortex 

at the foot of the base. Therefore, finding a way to estimate the scour depth is the most important concerns of 

engineers. 

Most empirical foundations of the bridge to help scour the dimensionless parameters have been made and 

fitted. To obtain hydraulic relations at the start of the particles, various methods have been proposed: By shear 

stress, the critical velocity and random sampling sediment transport. 
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The research method: 

 Many experiments have been conducted on the scoring base side, which have been published in previous 

studies. Some of these include: 

Ladage(1998)  -Rajaratnam(1983)  - Cunha(1975)  -Gill(1972) - Grade(1963) - Liu(1961)  -Dongol(1990)  -

Kandasamy(1989)   - Kawn(1988)   -Kwan(1984)   - Tey(1984)   -Colman&Melville(2003)   -Lim(1997)   - 

Dongol(1994) .... و  Ballio(2009)  - Abouseida(2009).  -Dey&Barbhuiya(2004) 

Seventeen Data collected from these experiments is  885, The complete set of different experimental 

conditions. In each experiment parameters such as depth of water, the basic water rate, scour depth, sediment 

median diameter, SD.  

The size of the sediment, sediment density ("ρ" _ "s") and the base have been reported. The depth of 

attrition in which the data is measured, The erosion in equilibrium. 

That is a long time has passed since the beginning of the experiment. 

All data were collected in the laboratory. Sensitivity analysis is provided for these relations to evaluate the 

relationship between independent parameters have been changed. The predicted values are measured values 

divided by the relationship. The results of different parameters (dR) is. The closer this parameter is to indicate a 

more precise forecast. This parameter is used as a measure of sensitivity analysis relations. 

The amount dR is greater than an upper hand in the relationship, and the estimate of the actual amount is 

higher   And also if the value is less than one indicative of the low dR relationship And it is predicted values 

estimated to be less than the actual value. In this parameter, the other parameters drawn. To show a change of 

independent parameters accurately predict how changes. 

 

-Provide basic relationship scour depth: 
 Scour depth can be a function of the parameters to be considered: 

f(y ,L,g ,ρ,  ,V,  , , , , )                                    (1)  

These parameters have been discussed in many previous studies. Including studies of Melville (1997) and 

Dey & Barbhuiya (2004) mentioned. Due to limited data on the basis of scoring more factors include: 

  The depth, the length of the base diameter of sediment critical velocity and flow rate. Subsequent numbers 

made by these important factors. By examining the parameters of dimensionless parameters that have 

meaningful relationships are with scour depth 

Have been selected. The numbers next important parameter in ratio form are made. 

 The four parameters L / y, Fr, V / Vc and d_50 / y obtained. Also, the basic form factor with "K" _ "s" on 

the scouring effect. The dimensionless scour depth can be in the form of equation (2) stated. 

 

 =f(L/y, Fr, /y,V/Vc , ) ( 2                                                                                                                 )

                                      

To fit the new relationship with respect to the parameters obtained   ,It can be in the form of the general 

equation of (3) to scour depth assessment. 

 

(3                                                                                                )

                                               

Then, eight hundred and fifty-five have come in the form of dimensionless numbers above And software to 

enter data,  Due to their software about changes in the classification.   And the error is acceptable. As the 

equation (3) is determined. Dimensionless scour depth as the intended objective response. 

And other factors as independent variables are introduced. By fitting dimensionless scour depth by software 

Weka and as previously described in the equation (4) is obtained. 

 

ys/y=1.85(L/y)
0.397

Fr
0.134

(V/Vc)
0.859 

KsK𝜎 for   V/Vc<1                                                          (4-a)   

 

ys/y=1.1(L/y)
0.422

Fr
0.182

(V/Vc)
0.136 

KsK𝜎 for   V/Vc>1                                                                       (4-b) 

                                           

It is mentioned in the initial application parameter "d" _ "50" "/ y" . However, because of its very low 

power was removed from the equation.  This parameter can slow down the importance of eliminating it have 

been easier relationship. And the error does not change. The software also can be seen on the parameter V / Vc 

sensitive data. And so on, this parameter has branches As a matter of physics is known In V / Vc is equal to a 

flow of clean water from the bottom of phase change is alive  The sensitivity on this point is quite natural and 

logical. The initial point of the branches was slightly less than one,  This parameter has been rounded up to both 

a better understanding of the problem and is easy relationship. And the error does not change the relationship. 

The results of the measurements made by the association to scour depth.  Are plotted in Figure1, It can be seen 
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that the relationship is with good accuracy. The best fit line is drawn in the diagram. And the results are along 

the lines closer or That means that the results are more accurate with less error. 
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Fig.1: The predicted values provided by the relationshipbetween the measured values 

 

The relationship between the proposed: 

In Figure 2, dR of the logarithmic relation to the proposed parameters of the L / y, L / and V / drawn. Figure 

2 (a) that the logarithmic dR L / y is plotted, It can be seen that, except for L / y low to the high regard in other L 

/ y in relation to accuracy and an increase in L / y is more closely related In Figure 2 (b) can be seen in the L / 

low hand is open relationship. According to Figures 2 (a) and (b) the length of the base in both joint It can be 

concluded that the link provided at the base of the upper hand is a little short. 

According to the figure 2 (b) that the logarithmic dR L / drawn, It can be seen that the relationship 

presented in comparison to other Barvabt better behavior and by changing the L / It is not seen a lot of variations 

in dR .Figure 2 (c) observed The V / very low, in the range of log (V /) <- 0.3, provided the relationship is high .

Of course, this high can be seen in other relations. 

This is probably due In this range, the average speed is much lower than the critical speed, During the 

digging of the foundation is not deposits and the amount is much less than predicted scour measured by 

relationships is presented. It can be seen that the relationship offered better treatment than other Barvabt And the 

L / It is not seen a lot of variations in dR .Figure 2 (c) observed The V / very low, in the range of log (V /) <- 

0.3, provided the relationship is high. Of course, this high can be seen in other relations. 

This is probably due   In this range, the average speed is much lower than the critical speed, During the 

digging of the foundation is not deposits Scouring measured value is less than the amount predicted by the 

equations presented. 

     

 
 

Fig. 2: 

 

a variation on the formula provided in the logarithmic dR independent parameter log (L / y) 

b dR changes related to the logarithmic formula provided in independent parameter log (L) 

c dR changes to the formula provided in the logarithmic independent parameter log (V) 

 

Effect size: 
The effect of sediment grain size is one of the factors affecting the depth of scour. 

Dey & Barbhuiya (2004) in their study of 80 test by changing the particle size measured depth of erosion, 

The results presented in the form of a graph. In the chart above for the size of a coefficient obtained And by 

applying this ratio to estimate scour depth of the effect size in terms of the relationship. To consider the effect of 

particle size on the (4) refers to data Tests of Dey & Barbhuiya (2004) and fitted with a non-linear coefficient 
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for the effect of particle size in the form of equation (5) is obtained. By multiplying the ratio in terms of the size 

of the effect. 

  

                                                                                                                                        (5) 

 

Error Estimate relations: 

Table 1 error methods provided by experimental data 

)Numbers in parentheses indicates the number of data that is used to calculate the error of each link( 

 

 
Bias MEF SI RMSE r Relations 

1.5856 0.4199 0.5951 0.3598 0.6110 0.8868 Al-Saadi*(682) 

1.5781 0.6885 0.0868 0.8919 1.4923 0.9395 Laursen*(682) 

1.1539 -0.0031 0.9085 0.3177 0.4723 0.9532 M(682) 

1.5236 0.2170 -0.0856 0.4101 0.7667 0.5224 Dey&Barbhuiya*(534) 

1.2076 0.0684 0.3017 0.3920 0.3312 0.5755 M(534) 

1.1432 0.3954 0.0750 0.9732 1.4442 0.9519 Melville(885) 

2.1920 0.8140 0.4224 0.5605 1.1412 0.8642 Froehlich/Hire(885) 

1.1760 0.0252 0.9064 0.3214 0.4595 0.9523 M(885) 

 

As can be seen in the table Al-Saadi and Laursen relations are provided for the clean water 

  After the 682 that have been used in this context And the relationship presented in the table is shown with M   

Clean water is also evaluated by the data to compare the situation is the same. It can be seen that in all the six 

components provided with less error is related errors. However, due to the relationship between Al-Saadi is 

more than Laursen new relationship. The error is less. But the new relationship and still have errors. Relation to 

the conditions provided by Dey & Barbuhiya. 

The ratio L / y experimental data is less than one This relationship and the relationship were provided with 

534 that were evaluated in this context.  According to estimation errors can be seen in the table  The association 

presented a better error in all six components of the relationship Dey & Barbuhiya acts. Since the relationship 

between Melville and Froelich / Hire have restrictions The relations with all the data have been analyzed, In this 

case the relationship presented in the 5 components of error is better than two other related acts  That is only one 

component of a relationship Melville is about 0.03.        

 

Conclusion: 

By comparing the observed indicators presented related errors In most cases the errors are related to the 

previous related error is less. This relationship has a much higher resolution than the previous relationship And 

the advantage due to the complete statistical and data usage For this method, and using decision tree to obtain 

relationship Which has been accurately predicting the scour depth in the present circumstance.  

 Due to some limitations in terms of previous relationship and the size of the base flow conditions have been To 

estimate the error of data with which relations have been used properly  And error is measured in the same 

range. 

The relationship between parameters of flow depth, the length of the base flow rate, size and form factor of 

the base (about 4). 
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