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ABSTRACT
The flow conditions variation around river bends or meanders can lead to riverbanks and structures failure, such as
bridges, river passing pipe lines, diversion dams, water intakes and invert siphon. Rock sills are grade-control structures
which are used to stabilized riverbed, riverbanks and improving aquatic habitat. In this paper an attempt has been made
to develop empirical relationships for maximum scour around the rock sill for the data collected from literature using
various software techniques. Statistical analysis has been done using MINITAB and IBM SPSS Statistics software to
predict the nonlinear equation between the maximum scour depth and flow conditions. The equations predicted by both
the softwares gave satisfactory results. The results predicted by IBM SPSS Statistics software are more accurate than the
MINITAB software. Also Artificial Neuron Network (ANN) technique has been applied to verify the results obtained by
the software. It is found that the so developed relationships predict the values of maximum scour within 10% tolerance
limit. The ANN results are better than the two software analysis, thereby, ANN can be used in designing and solving
complex field problems in water resources engineering.

Keywords Rock Sills, MINITAB, ANN, Scour, IBM SPSS.

INTRODUCTION
Most of the alluvial rivers generally meanders and take sinuous paths on its way. When the flow in such rivers
passes through curved path, secondary flow develops on account of centrifugal force. Thus in the bend portion
the main velocity or the longitudinal velocity overlaps with the transverse velocity thus generating helical
motion throughout the bend.

Secondary flow induced by the streamline curvature to redistribute mass, momentum, boundary shear stress,
and sediment transport and thereby plays an important role with respect to the water quality, velocity
distribution and river morphology.

Due to the transverse velocity, phenomena of scouring and deposition at the outer bend and the inner bend
respectively occurs. The outer banks in channel bends are most vulnerable to scour. Bend effects redistribute
the flow velocity over the river width, causing a velocity increase in the outer half of the cross section and
thus an intensified attack on the outer bank. Moreover they create a typical bar-pool bed topography, with
significantly increased depth near the outer bank due to bend scour, which may undermine the outer bank.
Both bend effects can, to a large extent, be attributed to the secondary flow which is a characteristic feature of
flow in open channel bends. Since secondary currents develops at the bends, their general tendency is to scour
at its outer edge and deposit the same materials at it inner bend. This may lead to the damage of any hydraulic
structures such as bridges, river passing pipelines, diversion dams, water intakes and invert siphons.

Grade control structures are used to stabilized riverbed, riverbanks and improving aquatic habitat. Various
measures have been taken to minimize the scour effects at the curve by protecting the outer bank by footing,
spur dike or by the introduction of J-hook vanes at the curved channels. The protection of river banks against
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erosion is very essential. The two dimensional mean velocity distribution of open channel is also important in
the analysis of wall friction and sediment transport phenomena.

Local scour processes and mechanisms are the fundamental topics for river engineers. Among others,
Schoklitsch (1932), Vernose (1937), Hasan and Narayanan (1985), Farhaudi and Smith (1985), Mason and
Anumugam (1985), Bormann and Julien (1991), Whittaker and Jaggi (1996), Robinsion et al. (1998), Dey and
Sarkar (2006 a, 2006b, 2008) Fazli, M et al(2008), M Ghodsian,M and Vaghefi, M (2009), Dugue,Vet al
(2013) studied the scour around bends and jet scours. Many other investigators carried out experimental
studies on local scour downstream of the hydraulic structures.

DATA COLLECTION
Stefano P. et al. carried out extensive experimental studies to study the scour patterns due to rock sills in
straight and curved horizontal channels. Experiments were out in straight and curved channel 0.5m wide, 15 m
long and 0.5 m high (Fig.1).

Fig.1 Scour pattern due to rock sill in straight and curved channels

Three bends with different radii (R = 1, 2, 4) formed the channel. A magnetic current meter measured the
discharge with precision of ± 0.01 l/s. The water surface profiles were measured using a point gauge of
reading accuracy of ± 0.0001 m. The range of data are shown in table-1

Table-1 Range of Variables and dimensionless parameters used in present study

S.No. Variables  and  Dimensional less parameters Range
1. Q  (m3/s) 0.0020 - 0.0500

2. ∆y (m) 0.002 - 0.0290

3. hst (m) 0.0200 - 0.0900

4. htw (m) 0.0220 - 0.1660

5. Zm (m) 0.0130 - 0.1230

6. B/R 0.0000 - 0.50000

7. Fd 0.4400 - 12000

This image cannot currently be displayed.
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DIMENSIONAL ANALYSIS
Rock sills scour process is governed by the following functional relationship:f (Zm, hst, htw, l, B, ∆y,Q, ρ,
g,d50, R) = 0

In which f is a functional symbol.The non-dimensional functional expression can be derived as follows:

Zm/hst =   f ( l/B, htw/hst, Fd, ∆y/hst, B/R)

Fd is defined as F = Q{lh [g(G − 1)d ] . }
Ƞ is defiedas ƞ = F . ∆ y/h
ψ is defined as  ψ  =   1  + ( B/R)0.50

DATA ANALYSIS
Using their own data the authors developed three equations for finding maximum values of scour. These
equations are mentioned in Table-2

Table-2 Various Equations for Maximum Scour

S.No Stefano, P. et
alRelationships

MINITAB Approach
(Present Study)

SPSS Approach(Present
Study)

1. = 1.3 .
…………………………….(1)

=  1.09 .
…………………………………………(4)

=  1.086 .
…………………………………………..(7)

2. =   1.30

* . .
………………………..…..(2)

=  1.46 . .
…………………………………………(5)

=  1.459* η . - .
………………………………………(8)

3. =  1.3. . .
……………………………(3)

=  1.40. . ( ) . …………
…………………………………...(6)

=  1.39η . hh - . (ψ) .
………………………………………...(9)

The percentage errors for each correlations are calculated within various ranges as shown in Table-3

MINITAB SOFTWARE
Minitab is a statistics software that often combined with the implementation of Six sigma, CMMI (Capability
Maturity Model Integration) and other statistics-based process improvement methods. It is a command- and
menu-driven software package for statistical analysis which helps to analyze any type of data. This is designed
essentially for the Six Sigma professionals. It provides a simple, effective way to input the statistical data,
manipulate that data, identify trends and patterns, and then extrapolate answers to the current issues. This is
most widely used software for business of all sizes - small, medium and large which provides a quick,
effective solution for the level of analysis required in most of the Six Sigma projects. It can be used for
learning about statistics as well as statistical research. Statistical analysis computer applications have the
advantage of being accurate, reliable, and generally faster than computing statistics and drawing graphs by
hand. This is relatively easy to use once few fundamentals are known. Thus Minitab, originally intended as a
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tool for teaching statistics, is a general-purpose statistical software package designed for easy interactive use
and well suited for instructional applications,

IBM SPSS STATISTICS SOFTWARE
SPSS Statistics is a software package used for logical batched and non-batched statistical analysis.It is a
software for editing and analyzing all sorts of data. These data may come from basically any source such as
scientific research, a customer database, Google Analytics or even the server log files of a website. SPSS can
open all file formats that are commonly used for structured data such as

 spreadsheets from MS Excel or OpenOffice

 plain text files (.txt or .csv)

 relational (SQL) databases

 Stata and SAS

SPSS is a Windows based program that can be used to perform data entry and analysis and to create tables and
graphs. It is capable of handling large amounts of data and can perform all of the analyses covered in the
text and much more.

Statistics included in the base software:

 Descriptive statistics: Cross tabulation, Frequencies, Descriptive, Explore, Descriptive Ratio Statistics

 Bivariate statistics: Means, t-test, ANOVA, Correlation (bivariate, partial, distances), Nonparametric tests

 Prediction for numerical outcomes: Linear regression

 Prediction for identifying groups: Factor analysis, cluster analysis (two-step, K-
means, hierarchical), Discriminant

Table-3 Data showing Errors for various Relationships

Data having error less than

Equ
ation
No.* ±10% ±20% ±30% ±40 ±50% ±100% >100%

1 9 15.5 15 25.8 21 36.2 26 44.8 27 46.5 37 63.78 21 36.20

2 10 17.2 23 39.6 27 46.5 34 58.6 39 67.2 58 100 0 0

3 13 22.4 28 48.2 36 62.0 49 84.4 54 93.1 58 100 0 0

4 10 17.2 18 31.0 27 46.5 35 60.3 45 77.5 53 91.4 5 8.6

5 21 36.2 38 65.5 47 81.0 54 93.1 58 100 58 100 0 0

6 26 44.8 45 77.5 51 87.9 57 98.2 57 98.2 58 100 0 0

7 10 17.2 19 32.7 26 44.8 33 56.9 45 77.5 53 91.4 5 8.6

8 26 44.8 41 70.7 54 93.1 54 93.1 55 94.8 57 98.2 1 1.7

9 26 44.8 45 77.5 51 87.9 57 98.2 57 98.2 58 100 0 0

ANN 31 53.4 44 75.8 54 93.1 56 96.5 56 96.5 58 100 0 0

*Number of equations may be seen from Table-2

The accuracy of these developed equations are shown in Fig. 2 to 10.
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Fig.2 Variation of with .

Fig.3 Variation of with .
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Fig.4 Variation of with .

Fig.5 Variation of with .
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Fig.6 Variation of with .

Fig.7 Variation of with .
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Fig.8 Variation of with .

Fig.9 Variation of with .
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Fig. 10 Variation of with .
ANN  METHOD
Same data collected from literature were also used to compare the results of above findings i.e. accuracy of
developed functional relationships using Artificial Neural network. In the analysis Levenberg-Marquardt
algorithm also known as Damped least square (DLS) method was used to solve nonlinear least square
problem. Feed forward back propagation (FFBP) algorithm type was used in the analysis. In MATLAB, input
data is randomly divided into three sets: Training, validation and testing. When repeatedly fed the same data, a
neural network will increasingly output correct classifications. However, over fitting may occur. This means
the network will perform well on the training set, but not on generalized data. This is to ensure good
generalization for new data. After that, performance is measured on the completely unused testing set. The
training algorithm used is scaled conjugate gradient back propagation. Weights are initially randomized, this
along with the random division of data makes results vary. This leads to several different resulting neural nets,
where generalized performance is not always indicated by training graphs. Three input layer consisting of 58
data samples and one target layer of 58 samples were used for the ann programming. For the total samples
(70%) 40 samples, (15%) 9 samples and (15%) 9 samples were used for training, testing and validation
respectively. The input data was trained for neurons 5 to 50 with an interval of 5 neurons and the best possible
result of coefficient of correlation (R) was found at 20 neurons and the value of MSE (Mean Square Error)
was the least.  The training procedure stopped at 19 epoch. An epoch is a single step in training a neural
network. The values of R and MSE are presented in the Table- 3.
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Table – 3  Shows the input and of results ANN  used in present study

Total No. of sample 58

Training 70% of 58 = 40 no.

Validation 15% 0f 58 = 9 no.

Teasting 15 % of 58 = 9 no.

Training Algorith Levenberg Marquardt

Type FFBP

Input 3

Hidden layer 1

Output 1

Number of neurons 20

Mean Square Error 1.55002 X 10^(-2)

Coefficient of correlation 0.98186

Epoch 19

Fig. 11General sketch of Input,Output and Hidden layers
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Fig. 12. Results showing the best fit lines of output

Fig. 13. Comparision of ANN prediced values of Scour with Observed data
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CONCLUSIONS
The following conclusions are derived from the present study:
(i) The functional relationships developed in present study using MINITAB and IBM SPSS statistics

software show better results in comparison to those obtained by Stefano P. et al. equations.
(ii) Functional relationships developed by IBM SPSS statistics software show better results than the

MINITAB software.
(iii) For same set of data, the ANN analysis further show better improvement in the scour prediction.
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