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Introduction

Hydraulic structures that change the flow pattern around themselves may cause local scouring,
since changing the flow characteristics (velocities or turbulence) can lead to changes in sediment
transport capacity. The difference in height between the upstream and downstream bed levels of the
river-intersecting structures will form a vertical waterfall in the tail-water that plays an important role
in grade-control structures. An example of these structures is the Balaroud inverted siphon structure
in Dez irrigation and drainage network in the south of Andimeshk county, Khuzestan province, Iran.
Various experimental studies on downstream scour of hydraulic structures are available in the
literature. The main objectives of this study were to investigate the scour process, estimating the
maximum depth and location of the scour hole, and evaluating the maximum height and location of
the sedimentary mound at the downstream of the grade-control structure. In this study, the
experimental data obtained by the previous researchers was used, and the equations were reviewed
and re-written using the D’ Agostino and Ferro (2004) studies in order to improve the accuracy of the
existing relationships. In the next step, the hydroinformatic science and the soft computing technique
were used to achieve more accuracy for the relationships of the hole’s characteristic and the
sedimentary mound in alluvial ducts containing non-cohesive sediments.

Methodology

After reviewing the previous study, the laboratory data that carried out by D’ Agostino(1996) was
selected for our study because it had a favorable situation for the experimental data analysis and
processing.
The effect of the independent parameters b/z, h/H, Frpsy, Dgo/Dsy, and b/B on the dependent
parameters ¢/z is introduced in the form of following equation(1):
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In this equation, the coefficients a, b, c, d, e, and f are constant numbers, and their effects are
determined using the statistical analysis of the experimental observations made by the SPSS software
using the non-linear regression technique by the forward stepwise regression method.

In the second part of the study, comparing the presented relationships genetic programming and
artificial neural network data mining system were used

Genetic programming (GP) is used as one of the evolutionary algorithm technigques in order to
flourish the presented relationship accuracy in the second part of this work. GP is an automatic
programming technique used for evolving computer programs to solve problems.

The artificial neural network (ANN) is one of the most common network models, which generally
presents a system of inter-connected neurons that can compute values from raw inputs. A neuron
consists of multiple inputs and a single output. There is an input layer that acts as a distribution
structure for the data being presented to the networks. This layer is not used for any type of
processing. After this layer, one or more processing layers follow, called the hidden layers. The final
processing layer is called the output layer in a network. This process is repeated until the error rate is
minimized or reaches an acceptable level or until a specified number of iterations has been
accomplished.

Results and discussion
1-Non-linear regression method

The SPSS software was used for determining the effective equations in this research work. The
observed values for the independent dimensionless relative parameters b/z, h/H, Frpsy, Dgo/Dso, and
b/B were evaluated versus the dependent parameters maximum scour relative depth s/z, maximum
relative distance of maximum scour depth XS/z, relative height of sedimentary mound hg/z, and
maximum relative distance accumulation of sediments to weir toe XD/z in order to determine the
mapping space between the independent and dependent parameters mentioned in equation (1). The
mapping space between the independent and dependent parameters can be shown as equations (2)-
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The angular coefficient of the fitted line extracted from the results of equations indicates that the
non-linear regression estimates of the dimensionless parameter values s/z, XS/z, hq/z, and XD/z are,
respectively, 0.7%, 0.37%, 0.5%, and 0.13% lower than the observed values. The skewness results
obtained from the statistical prediction dimensionless parameters s/z, XS/z, hy/z, and XD/z had
desirable distributions.

2- Genetic programming

The angular coefficient of the fitted line extracted from the results of the model indicated that GP
estimated the values for the dimensionless parameters s/z, XS/z, hy/z, and XD/z to be, respectively,
0.78%, 0.9%,1.2%, and 0.65% lower than the observed values. The skewness results obtained from
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the predicted dimensionless parameters s/z, XS/z, hy/z, and XD/z using the GP data mining system
was satisfactory.

3- Artificial Neural Network

The angular coefficient of the fitted line extracted from the results of the model indicated that
ANN estimated the values for the dimensionless parameters, i.e. s/z, XS/z, hy/z, and XD/z, to be 0.3%,
0.4%, 0.3%, and 0.08%, respectively, lower than the observed values in the training phase, the
dimensionless parameter s/z, 0.2% more, and the dimensionless parameters XS/z, hy/z, XD/z, 2.6%,
3%, and 0.04%, respectively, lower than the values observed in the testing phase. The skewness
results obtained from the statistical prediction of the dimensionless parameters s/z, XS/z, hy/z, and
XD/z had desirable distributions.

Conclusion

By comparing the results tabulated in Tables 2, 4, and 5, it can be seen that the angular coefficient
of the fitted line extracted from the results of the predicted parameters s/z, XS/z, hy/z, and XD/z
resulting from ANN is 45 degrees closer to the slope of the line of the non-linear regression and GP
comparing to the predicted values. This indicates that the ANN model was more successful in
estimating these parameters. The root mean square error had fewer values in predicting the
parameters s/z, XS/z, hy/z, and XD/z by the ANN than non-linear regression and GP, and this indicates
the advantage of this approach in estimation of these parameters. GP may serve as a robust approach,
and it may open a new area for an accurate and effective explicit formulation of many water
engineering problems. Generally, with regard to this point that since using the presented non-linear
regression for estimating scour parameters does not require a computer, it can, therefore, be claimed
that using the non-linear regression compared to GP and ANN in estimating the scour hole
dimensions in the downstream grade-control structure is better and more effective.
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Table 2- Error functions from results suggested by equations (11)-(14) against experimental

observations

Parameter RMSE MPE SEE EF m R®
slz 0.0264 1.6378 0.026 0.9643 0.993 0.962
XS/z 0.0553 0.065 0.0554 0.9674 0.9963 0.967
hy/z 0.019 2.8391 0.0189 0.9804 0.995 0.98
XD/z 0.0743 0.0289 0.0747 0.9911 0.9987 0.991
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Table 3- Characteristics of employed GP for (ds/z), (XS/z), (hg/z), and (XD/z).

Parameter Definition Value (ds/z), (XS/z) Value (hy/2),
(XD/2)

P, Function set +,—, %\, 2, cos, exp 4,5, "2

P, Terminal set b/B, Dgo/Dsg, h/H, b/Z, Fr  b/B, Dgy/Dsg, h/H,

d b/Z, Frd

P3 Number of inputs 5 5

P, Fitness function RMSE RMSE

Ps Error type error function error function

Pe Crossover rate 0.85% 0.85%

P, Mutation rate 0.1% 0.1%

Psg Gene reproduction rate 0.05% 0.05%

Py Population size 250 350

P1o Number of generation 120 150

Py Tournament type regular regular

Py Tournament size 6 6

Pis Max tree depth 4 4

Pia Max node per tree Inf Inf

Pis Constants range [-10, +10] [-10, +10]
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Table 4- Error function of GP model against experimental observations.

Parameter RMSE MPE SEE EF m R?

slz 0.0243 —2.068 0.0243 0.9697 0.9922 0.971
XS/z 0.0513 ~0.7946 0.0512 0.972 0.9917 0.973
hy/z 0.0208 ~4.3586 0.0204 0.9766 0.9879 0.978
XD/z 0.105 -0.3607 0.105 0.9823 0.9935 0.982
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Table 5- Statistical error functions of ANN for estimating scour hole dimensions for best network

architecture
Parameter Training Testing
MPE RMSE  EF R® MPE RMSE  EF R
slz 0.2514 0.0082 0.9811 0.9853 0.0345 0.0133 0.9908 0.9911
XS/z 1.6163 0.0326 0.9492 0.9737 -1.9160  0.0494 0.9793 0.9837
hy/z 2.8802 0.0081 0.9756 0.9899 -2.1214  0.0186 0.9864 0.9885
XD/z 0.4463 0.0258 0.9937 0.9933 1.8970 0.0737 0.9935 0.9933
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Fig. 15- Comparison between observed and
predicted XS/z of ANN in training and testing
stages.
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Table 6- Details of Artificial Neural Network Architecture.

Parameter Network Input Hidden Hidden Output Momentum  Learning
model layer layer layer layer Coefficient rate
s/z MLP 5 6 4 1 0.8 0.01
XS/z MLP 5 4 2 1 0.8 0.01
ha/z MLP 5 4 3 1 0.8 0.01
XDl/z MLP 5 3 1 1 0.8 0.01
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Table 7- Error functions from results suggested by equations (22) -(25) against experimental
observations.

Parameter RMSE MPE SEE EF m R*

slz 0.0289 1.8434 0.0285 0.9570 0.9915 0.9552
XS/z 0.0756 0.4802 0.0743 0.9392 0.9926 0.9364
hy/z 0.0201 1.9659 0.0200 0.9781 0.991 0.9777
XD/z 0.0874 0.0665 0.0878 0.9877 0.9979 0.9877
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