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Abstract: Developing and assessing the performance of
water projects and irrigation networks is based on many
factors, such as flow measurement. Weir and gate struc-
tures have been extensively utilized for flow measure-
ment and to get rid of sediments. The process of modeling
and estimating the coefficient of discharge in the weir is
an essential part of hydraulic engineering. Recently the
application of computer skills was adopted instead of
traditional methods. In the present study, the artificial
neural network (ANN) was adopted to estimate the coef-
ficient of discharge for a combined weir that consisted of
the trapezoidal weir and rectangular gate. For this pur-
pose, the experimental data were collected and analyzed.
The dimensional analysis was used to identify the effec-
tive dimensionless parameters related to the discharge
coefficient. The developed ANN network structure was
designed as 6-10-1 and adopted the default scaled con-
jugate gradient algorithm for training using SPSS V24
software. It was found that the proposed model with
ten neurons was highly accurate in predicting the dis-
charge coefficient. The sensitivity analysis was adopted
to assess the performance of the ANN using different
numbers of effective input parameters. Assessing five
models, the ratio of upstream head to gate height (H/d),
slope of trapezoidal angle (tan 8), and the ratio of distance
between weir and gate and gate height (y/d) parameters
are adequate for estimating the discharge coefficient com-
pared to other parameters. ANN model with input para-
meters of H/d, h/d (h is the flow depth over the trapezoidal
weir), bg/d (bg is the gate width), tan 6, be/b (b is the total

* Corresponding author: Jumana Hadi Sahib, Department of civil
engineering, Faculty of Engineering, University of Kufa, Najaf
Governorate, Iraq, e-mail: jumanah.alsabarawi@uokufa.edu.iq
Luay Kadhim Al-Waeli: Department of civil engineering, Faculty of
Engineering, University of Kufa, Najaf Governorate, Iraq,

e-mail: luayk.alwaeli@uokufa.edu.iq

Ali Hussein Jaber Al Rammahi: Department of civil engineering,
Faculty of Engineering, University of Kufa, Najaf Governorate, Iraq,
e-mail: alih.jabir@uokufa.edu.iq

width of flume), and y/d shows reasonable accuracy with
acceptable statistical indicators, coefficient of determina-
tion (R? = 0.87), relative error (RE = 0.096), and mean
squared error (MSE = 1.86) for the discharge coefficient.
The ANN model gave a good idea about which factors are
more effective on the discharge coefficient, and the process
of training the network is more accessible than the tradi-
tional method which represent the discharge coefficient by
equation.

Keywords: combined weir, ANN, coefficient of discharge,
trapezoidal weir, rectangular weir

1 Introduction

The important part of hydraulic studies is the modeling of
hydraulic structures in field conditions. In irrigation pro-
jects, like irrigation and drainage networks, weirs and
gates are usually used [1,2]. Weirs are obstructions per-
pendicular to the direction of flow. The derivation of an
equation for measuring the discharge neglected the effect
of the suspended sediments. The sediments are materials
that are carried as the result of a change in velocity in a
channel. It is deposited upstream of the weir or obstruc-
tion because of a decrease in the water velocity. The
representation of the flow state without sediments was
unrealistic. Therefore, a combined weir was adopted in
the last century. The combined weir is composed of a weir
and gate. The weir is used to pass the flow over the crest.
The gate is used to get rid of the sediment in the lower
part of the weir. The combined weir changed the derived
equation governing this condition in real situations. When
the weir is combined with the gate in one device, they are
used to regulate and measure the flow. It has reduced
maintenance as most of the sediment will be passed
through it. Because of this, the deposited materials were
not collected upstream. It can be used in arid and non-arid
regions where these problems appear.

Many researchers have studied different types of
combined weir. Alhamid et al. [1] studied the combined
weir type of rectangular weir over the triangular gate.
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They found that the factors of distance between weir and
gate y, the gate height d, the flow depth over the trape-
zoidal weir h, the total width of flume b, and the gate
width b, as the following ratios (y/d, h/d, b/bg, h/b,
and bg/d) are affecting free flow and submerged flow.
However, the factor presented as the measured head at
downstream hd over d (hd/d) only affects submerged
flow. The triangular weir and rectangular gate were studied
by Alhamid et al. [2] and Hayawi et al. [3]. Alhamid et al. [2]
found a quasi-empirical equation for calculating the dis-
charge. It depended on the parameters of flow and geometry
of the weir. Hayawi et al. [3] found that parameters b/h, y,/h,
and d/h, where y; is the depth of the flume, inversely affect
the discharge coefficient and the oretical discharge. However,
theoretical discharge directly affects the distance between the
weir and the gate. The angle of the notch inversely affects the
discharge coefficient. Alhamid et al. [2], Negm [4], and Negm
et al. [5] studied the compound weir type with rectangular
weir and rectangular gate. Also, they studied the properties
of hydraulic structures and developed equations to repre-
sent experiments in lab. The trapezoidal notch and flow
under rectangular gate was adopted by Ismail [6]. She
tested the effects of parameters of geometric and hydraulic
structures on the discharge coefficient of the combined
weir. The dimensional analysis is used by m-theorem to
calculate the coefficient of discharge. The researchers, as
mentioned above, used the traditional method to find the
discharge coefficient or calculate an equation for discharge
coefficient based on the preceding method. The discharge
coefficient is found through empirical equations proposed
by researchers. Usually, the equations are linear, and some
of them are nonlinear with restrictions.

With the development of computer software technol-
ogies, these techniques are utilized to model hydraulic
phenomena accurately. Recently, researchers started using
sophisticated computer programs. It was adopted to simu-
late practical experiments and to find the variables or coef-
ficients for these experiments. One of the most important
methods is the artificial neural network (ANN). ANNs can
make very complex nonlinear relationships with reasonable
accuracy. In 2014, Al-Suhili and Shwana [7] used this tech-
nique to represent the compound weir type (cipolletti notch
and flow under a rectangular gate). They studied the
hydraulic properties of the combined weir by changing
many geometrical dimensions and flow values to find
actual discharge for free and subcritical flow. The dimen-
sional analysis tested the parameters’ effects on the value
of the discharge coefficient. Then, they developed the equa-
tion to calculate the coefficient of discharge by ANNs. In
2016, Parsaie and Haghiabi [8] used the support vector
machine (SVM), ANN, and adaptive neuro-fuzzy inference
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systems (ANFIS) to predict the coefficient of discharge for
side weir. The Froude number and the ratio of length of the
weir to the depth of water upstream were more affected
parameters. ANN and ANFIS gave good results. The results
showed that SVM with a radial-basis function (RBF) kernel
model was best than ANN and ANFIS in predicting the coef-
ficient discharge. In the SVM trained by gamma coefficient
and epsilon, the results were 15 and 0.3, respectively. The
coefficient of determination (R? was 0.96 and 0.93 for
training and testing, respectively. In 2017, Parsaie and
Haghiabi [8] studied the prediction of the coefficient of
discharge of triangular labyrinth lateral weirs by five
models, ANN, ANFIS, SVM, group method of data hand-
ling (GMDH), and multivariate adaptive regression splines
(MARS). The result of ANN includes 2 hidden layers with 8
and 5 neurons in each hidden layer, respectively. RBF is
best to transfer functions. The values of R? and root mean
square error (RMSE) were 0.96 and 0.07, respectively.
While ANFIS had one hidden layer and the resulted values
of R? and RMSE were 0.94 and 0.136, respectively. In SVM,
Gaussian function was the best to transfer, and the values
of R? and RMSE were 0.96 and 0.07, respectively. As for
GMDH and MARS, the results were the same for R* and
RMSE which were equal to 0.93 and 0.08, respectively. In
2018, Parsaie and Haghiabi [9] predicted the coefficient of
discharge for the side weir. They used empirical equation and
two models, multilayer perceptron (MLP) and RBF. They con-
cluded that Emiroglu formula’s empirical formulas were
accurate with correlation coefficient R = 0.65 and RMSE =
0.03 They concluded that the MLP method gave the best
result than RBF because correlation coefficient R and RMSE
for MLP were more than RBF, where the R for MLP was
0.89 and RMSE was 0.067, while it was 0.71 and 0.08 for
RBF, respectively. In 2019, Parsaie et al. [10] compared the
performance of ANFIS with MLP. They found the ANFIS was
more accurate. MLP and ANFIS gave sensitivity analysis of
hydraulic factors on discharge coefficient for cylindrical weir-
gate. Parsaie and Haghiabi [11] used three techniques, ANN,
SVM, and ANFIS to evaluate the performance of the rectan-
gular weir-gate. All three models gave suitable accuracy. The
SVM model showed good performance from others. Never-
theless, ANN gives sensitivity higher than others. Azimi
et al. [12] studied the determination of the discharge coeffi-
cient for rectangular side weirs using SVMs. They made six
models (SVM 1-SVM 6). The study gave a poor accuracy in
estimating the discharge coefficient. In 2020, Hayawi et al.
[13] studied the determination of the discharge coefficient
for triangular side weirs using ANN architecture. They
found a correlation between the Rehbock empirical equa-
tion and ANN, where R = 0.982 and mean squared error
(MSE) = 0.00113. Alwan et al. [14] studied the determination
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of the discharge coefficient for combined weir (rectangular
weir-orifice) using MLP-ANN and multi nonlinear regres-
sion (MNLR) techniques. They tested the accuracy of the
models by R? and relative error (RE). The MLP-ANN model
gave R” = 0.91 and RE = 0.47%, while the MNLR model gave
0.75 and 1.13%, respectively. They suggested using the arti-
ficial intelligence instead of statistical regression technique
to predicted the coefficient of discharge.

In this work, the application of computer skills will
be merged instead of traditional methods, while identi-
fying the capabilities of the developed models being sen-
sitive to prediction of errors compared with traditional
methods. The model will also check the sensitivity of
each factor of the inputs to the model, while predicting
the coefficient of discharge using ANN type RBF and com-
paring with traditional methods for the combined weir
consisting of a trapezoidal notch and a rectangular gate.

The main difference in data used to build the ANN model
in this study was the change in the half-angle of the trape-
zoid weir from 0-45 but remained constant at 14 in the study
by Al-Suhili and Shwana [7], and the weir width, b, was
constant but it was changed in the study by Al-Suhili and
Shwana [7]. The other parameters are the same where they
were divided by the height of the gate opening. In the study
by Al-Suhili and Shwana [7], the parameters were divided by
the height of the water on the weir. The ANN model was built
by Neuframe software, while this study depends on the pro-
gram SPSS V24 software to create the model. The importance
of each parameter on the model is studied as a percentage.

In the beginning, the introduction included the academic
articles and the most important results. The factors affecting
the weir will be clarified and then used in the neural network
model. The sensitivity of the model will also be tested. The
flowchart represented the methodology of the article.

start

|

Selecting effective parameters for ANN (H, h, d, bg, 0, b,
and y) depend on previous studies and flow characteristics

|

Obtaining the dimensionless groups by
dimension analysis

|

Find opmum number of hidden
neurons by minimizing MSE

|

Inialize the weights (Wij ) and
train the ANN model

|

The Output parameter for ANN (Cd)

|

end

DE GRUYTER

2 Problem description

The discharge which passes above the weir or below the
gate is not equal to the actual discharge for several rea-
sons. The ratio of the actual discharge to the theoretical
discharge is called the discharge coefficient. In general,
the aim of this study is to find the value of the discharge
coefficient through statistical analysis of the factors
affecting the flow.

The present work examines estimating the discharge
coefficient for combining the trapezoidal weir and rectan-
gular gate adopted by Ismail [6]. Many factors affect the
environment of the experiment. Generally, the discharge
coefficient is affected by the flow’s characteristics, the dimen-
sion of the channel, the shape of the weir, and the dimension
of the weir. The effective parameters of the hydraulic char-
acteristics established on the outflow from the trapezoidal
weir and rectangular gate, as presented in Figure 1, are the
opening of gate height d, flow depth over the trapezoidal
weir h, upstream head H, weir width b,,, trapezoidal angle
0, gate width b,, and distance y between weir and gate, and
the channel width b. This situation of flow can be formatted
as shown in equation (1) [6].

f(Q’H’g’y’U’h’d’y5bW’bgaba9’5):0, (1)

where Q is the total discharge, g is the gravitation accel-
eration, y is the dynamic viscosity, o is the surface ten-
sion, and s is the channel slope.

The dimensional analysis used the theorem of n. In
this method, all parameters are represented by three com-
ponents: length, time, and mass shown by equation (1) [6].

cd =f(§,Re, W,

where Cd is the coefficient of discharge. The Reynolds
number R, was neglected because of the high-velocity
gradient where the discharge was measured. The Weber
number W, is adopted in the curvature in the flow sur-
face, narrow places, or small size of the model. It is
neglected here because there are no previous cases. In
the experiments, the length, width, and slope of the
channel were constant. Now taking all the considerations
mentioned above, equation (3) would be as follows [6]

Cd=f(5,ﬁ,X be be tane), 3)

The experiments were carried out on a stainless-steel
plate, and the wall is a glass channel with a cross-section
of 0.5m x 0.5m and length of 18.6 m. The y closed three
distances (5, 10, and 15 cm) while the b, closed four-wide
20, 15, 30, and 40 cm. The angle of the trapezoidal (6/2)
was between 0-45°.
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Figure 1: Investigated shapes of projectiles (Geometry and dimensions).

This study adopted the combined weir trapezoidal
notch and a rectangular gate for predicting the discharge
coefficient by ANN and compared it with traditional
methods

3 ANN

ANN is one of the promising techniques that generally
utilizes engineering problems. It is recently used in the
water resources model [15], specifically in the hydraulic
problems. The accepted results of using the ANN approach
showed its applicability in determining the relationships
among different parameters of problems. Its work depends
on internal connections called neurons. The nodes deal
with inputs and outputs to know the relation between
them. Relationships are either linear or nonlinear mathe-
matical solutions with complex interconnectedness. It is a
capable model of many complex models. The neural net-
work consists of three layers called the input, the hidden,
and the output. Each layer consists of a group of nerve
nodes that connect these layers (called neurons) with a
complex network and different weights [16]. The weights
give an impression of the strength and influence of each of
the inputs on the outputs [17].

RBF is a type of neural network model which con-
tains two types of learning, supervised and unsupervised
learning. The reason for naming the primary function is
that the middle layer cells perform a series of base func-
tions, such as the Gaussian function. The diffusion of the
data is similar to the ray, so it was called the radial base
function network (RBFN). The RBFN is a hybrid network
with properties of ANN , such as the single perceptron layer,
and the backpropagation error. The network acquired the
property of returning the error amount from the two net-
works mentioned above, in addition to the learning law
(in the output layer) it gained from the single-layer percep-
tion network [18]. The weights are not changed in the

hidden layer because the instruction in it is unsupervised
learning. The Gaussian activation function is used, and the
mathematical form is used:

_x-w)? ]

o_d "% @)

where O; represents the actual output of the cell (j) and
the value of the output is limited to [0-1], X is the input
vector for the network, W is the vector of weights asso-
ciated with the entries, which are random values gener-
ated, and o is the appropriate spread magnitude.

The weights in the output layer are changed when
the required output is not obtained through the following
mathematical equations

fGo)=+1, if x>0,

fx)=-1, if x<O. ®)

Change of weights if the required output is not achieved
through the following equation:

AI/V,']'ZXI‘XE]XC,

6
E =T, - 0 ©

where X; represents the entries for cell j, C represents the
percentage of learning in the network, E; is the error
amount calculated, T; is the required output for cell j,
and O; is the actual output of cell j.

RBF networks have faster learning and setup pro-
cesses. Because neurons are focused on a specific oper-
ating range, they are easier to modify [15]. Figure 2 is a
diagram of the radial base type neural network.

The neural network was made to estimate the coeffi-
cient of discharge for the combined weir. The entered
data is divided into three parts: training data, test data,
and finally, verification data. The training sample con-
tains the applied data needed to train a neural network.
In some cases, a percentage is selected in the dataset of
the training sample to build the model. The neural net-
worKk is trained on separate data from the user data called
the test data to prevent over-training. The verification
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Input Layer

Hidden Layer

Output Layer

Figure 2: The diagram of ANN [15].

Table 1: The adequate dataset for the coefficient of discharge for
trapezoidal weir and rectangular gate

bg/d bg/b H/d h/d tan® y/d Cd
Max 5.71 0.8 5.05 2.27 0.41 2.14 0.59
Min 2.14 0.3 1.87 0.15 0.04 0.71 0.47
Mean 3.56 0.49 334 118 014  0.60 056

data contained independent data not used in constructing
the model. It is used to estimate the network’s efficiency in
prediction.

4 Results and discussion

In this study, all or some of the following parameters
shown were adopted as inputs to the ANN technique for

DE GRUYTER

multiple scenarios to find the value of Cd. These para-
meters included the opening height of gate (d), the flow
depth over the trapezoidal weir (h), the upstream water
head (H), weir width (b,,), the trapezoidal angle (6), and
the gate width (bg). The ANN model was developed for
the prediction of discharge coefficient of trapezoidal weir-
gate, 150 related datasets concerning equation (6) were
prepared, and summarized as presented in Table 1. Some
data collected by ref. [6] through laboratory experiments
were used in the present study, which included the max-
imum, minimum, and mean values of each parameter,
and these affected Cd value.

In the present study, the RBF has been utilized to
develop the ANN model. The developed model involves
three layers; these layers are input, hidden, and output.
The layer of input contains five neurons, while the layer
of output includes only one. The weights that connect the
neurons are reset randomly. The function of overall error
is computed at the output layer for both training and
testing steps.

The ANN was prepared by taking 70% dataset through
training, 15% to testing, and the rest for validation. The
developed model of the ANN is given in Figure 3.
Figures 4 and 5 presented the ANN performance through
the training stage and the results through the valida-
tion stage, respectively. Figure 4 represents a comparison
between the practical values by Ismail [6] and the theore-
tical values using ANN, where the highest value in practice
was 0.58, while the highest value in theory was 0.57. The
lowest practical and theoretical values were 0.47 and 0.45,
respectively. The mean practical value was 0.56 and the

Synaptic Weight > O
—— Synaptic Weight < O

H/d

h/d
by/d

rmc- L]
ey
(=

SBHEEHEE

/

Hidden layer activation function: Softmax

Output layer activation function: Identity

Figure 3: The development of RBF of ANN model by SPSS V24 software.
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Figure 4: ANN results for the training stage from SPSS V24 software.

mean theoretical rate was 0.55. The reason for the differ-
ence is due to several factors, the most important being
that the academic program does not take the nature of the
flow, the conditions of laboratory measurements, and the
fluid properties such as viscosity, density, and others
which are reflected in the amount of the discharge coeffi-
cient. When comparing the Al-Suhili and Shwana model
[7] and the theoretical values using ANN in this study, the
highest value in the Al-Suhili and Shwana [7] was 0.68,
while it was 0.594 in this model, and the lowest value was
0.543 in the Al-Suhili and Shwana model [7], while it was
0.53 in this model. The difference is due to the difference in
the program used to configure the model where they used
Neuframe software and, and the difference in the function
used where they used the backpropagation algorithm.

As in Figure (4), a substantial agreement can be seen
between the result of the program using the ANN method
and the results of the experimental runs. The correlation
coefficient value between them was 0.92, and the lowest

Exp. data Pred. data
0.6
0.55
3 o5
0.45
0.4
0 20 40 60 80 100

Data number

Figure 5: Comparison between experimental and predicted data in
the training stage.
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value of RE was 0.029. Therefore, using the six factors to
calculate the discharge coefficient has more convergence
than ignoring one of them, represented by the following
ratios: H/d, h/d, bg/d, tan 6, bg/b, and y/d.

5 Sensitivity analysis of ANN

The significance of each input parameter on the output is
examined. This step is crucial in the development of com-
puter model process. These models are compared with
the empirical models. Accordingly, numerous methods
have been suggested to implement the analysis of sensi-
tivity. In the present study, the simple method considered
the effect of each input on the output. Several models
were implemented by negligence of one entry in each
model and assessed as shown in Table 2. It shows the
normalized importance of each parameter and its effect
on the model. Six scenarios were adopted by introducing
the factors affecting the value of Cd. These scenarios
adopted the ratios extracted by the method of dimen-
sional analysis (equation (6)), including either all of
them (six factors), or five, four, or three factors. When
three ratios are input as variables, that is H/d, h/d, and

Table 2: Results of normalized variable importance

Variable importance (%) Variable Input variables
H/d, h/d, and tan 6 100 H/d
67.5 h/d
58.6 tan 6
h/d, y/d, and tan 6 100 h/d
64.3 yld
61.7 tan 6
H/d, h/d, and y/d 93 H/d
100 h/d
34.7 yl/d
H/d, h/d, y/d, and tan 6 100 Hl/d
88.7 h/d
41.8 y/d
75.5 tan 6
H/d, h/d, bg/d, y/d, and tan 6 100 H/d
68.2 h/d
75.5 bg/d
75.2 y/d
45.8 tan 6
H/d, h/d, bs/d,y/d, bg/b,and tan 6 88 H/d
100 h/d
94.9 be/d
22.3 y/d
94.9 bg/b
28.3 tan 6
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Figure 6: (a—d) Results of development of ANN for different inputs by SPSS V24 software. (a) Input h/d, H/d, y/d, tan 0, (b) input h/d, H/d,

y/d, (c) input h/d, y/d, tan 6, (d) input h/d, H/d, tan 6.

tan 0, the importance and its effect on the discharge coef-
ficient Cd were first H/d, then h/d, and finally tan 6. When
the effect of the ratio H/d is neglected, and the triple
effect is entered, consisting of the ratios h/d, y/d, and
tan 0, the importance of the factors will appear as h/d,
y/d, and tan 6. The same triple model, but tan 6 was
neglected, the importance of the three ratios H/d, h/d,

Table 3: Results of sensitivity analysis

and y/d was studied, the results for the importance are
the following, h/d, then H/d, and y/d. As for the fourth
model, H/d ranked first in importance, followed by h/d
and y/d, and tan 6. By input, the ratio bg/d into the fourth
model, the essential parameters of the fifth model were
H/d, h/d, bg/d, y/d, and tan 6. By taking all the para-
meters that can affect the inflection coefficient and the

Parameter RE MSE rR?
Training Testing Training Testing Training Testing

H/d, h/d, bg/d, tan 6, bg/b, and y/d 0.029 0.096 0.848 1.86 0.92 0.87
H/d, h/d, bg/d, tan 6, and y/d 0.029 0.101 0.813 1.89 0.92 0.85
H/d, h/d, y/d, and tan 6 0.098 0.218 1.72 2.60 0.88 0.83
h/d, tan 6, and H/d 0.072 0.364 1.55 1.84 0.90 0.83
h/d, y/d, and tan 6 0.089 0.419 1.91 2.12 0.89 0.85
H/d, h/d, and y/d 0.248 0.915 5.69 2.89 0.87 0.86
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derivative by dimensional analysis (equation (6)), the
sequence of importance for the sixth model was as fol-
lows: first, the ratio h/d, the two ratios by/d and bg/b with
the same importance as second, then third, the ratio H/d,
and finally tan 6 and y/d in sequence.

Statistical indicators must be checked to choose the
best model from the number of inputs affecting the
discharge. MSE, RE, and R? were used as performance
evaluation parameters. MSE and RE can be defined as
follows:

1 n
MSE = ;Z(cda,i - Cap.)% 7)

i=1
_ Z?:l(cda,i - Tdt/l)(Cdp,i - po)
\/ Yr (Caai — Caa)? \/ Y (Capi — Cap)?

where n is the number of the observations; C;, is the
experimental coefficient of discharge; Cg, is the experi-
mental mean for coefficients of discharge; Cg), is the esti-
mated coefficient of discharge; and po is the estimated
mean for coefficients of discharge. Model performances
were assessed by an overall number of 150.

Figure 6 illustrates the results of ANN for different
inputs. It represents the relationship between the experi-
mental coefficient of discharge and the estimated one in
the neural network model through the absence of one of
the parameters. Most of the results were below the perfect
line, which gives underestimation, except for the model
containing all the input parameters as represented in
Figure 4. The statistical analysis proved that all the model
parameters were used according to equation (3). The
results of the statistical analysis are presented in Table 3.
The highest value of the correlation coefficient (R* = 0.87)
for all testing scenarios was the last. That is, the number of
inputs as a ratio was six. The lowest value for the residuals
for this model, represented by RE was 0.096. So, this
model was adopted based on statistical values. In other
words, the ratios of the six factors derived from the dimen-
sional analysis H/d, h/d, bg/d, y/d, be/b, and tan 6 affected
the Cd value.

RE

(8)

6 Conclusion

This study deals with estimating the discharge coefficient
of the trapezoidal weir-rectangular gate using the ANN
model. The adopted ANN model was designed as 6-10-1
(6 input, 10 hidden layers, and 1 output). It was found
that the proposed ANN model with ten neurons was
highly accurate in predicting the discharge coefficient
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using the trial procedure and depending on the statistical
indicators. The sensitivity analysis was adopted to eval-
uate the ANN performance using a different number of
effective input parameters. The results of the sensitivity
analysis showed that the six inputs (H/d, h/d, bg/d, tan 6,
be/b, and y/d) as ratios gave the highest value for the
correlation coefficient (R* = 0.87) and the lowest value
for the residuals represented by RE = 0.096. The impor-
tance of the factors for the sixth model and their effect on
Cd value were arranged as follows: first, the ratio h/d, the
two ratios bg/d and b/b with the same importance as
second, then third, the ratio H/d, and finally tan 6 and
y/d in sequence.

Conflict of interest: Authors state no conflict of interest.

References

[1] Alhamid AA, Husain D, Negm Abdel-Azim M. Discharge equa-
tion for simultaneous flow over rectangular weir and below
inverted triangular weirs. Arab Gulf ) Sci Res.
1996;3(14):595-607.

[2] Alhamid AA, Negm AAM, Al-Brahim AM. Discharge equation
for proposed self-cleaning device. ) King Saud Univ -

Eng Sci. 1997;9(1):13-23. doi: 10.1016/51018-3639(18)
30664-0.

[3] Hayawi HAA-M, Yahia AAA-G, Hayawi GAA-M. Free combined
flow over a triangular weir and under rectangular gate.
Damascus Univ J. 2008;24(1):9-22.

[4] Negm AM. Modeling of submerged simultaneous flow through
combined weirs and gates devices. Adv Hydro-Science
—Engineering. 2000;V:2-9. http://kfki.baw.de/fileadmin/
conferences/ICHE/2002-Warsaw/ARTICLES/PDF/15D.pdf.

[5] Negm AAM, Al-Brahim AM, Alhamid AA. Combined-free flow
over weirs and below gates. ] Hydraul Res.
2002;40(3):359-65. doi: 10.1080/00221680209499950.

[6] Ismail MH. Experimental investigation for flow through com-
bined structure weir and gate. [Master degree thesis].
University Of Kufa; 2012.

[7] Al-Suhili RH, Shwana AJ. Prediction of the discharge coefficient
for a cipolletti weir with rectangular bottom opening. Int ) Eng
Res Appl. 2014;4(1):80-9.

[8] Parsaie A, Haghiabi AH. Improving modelling of discharge
coefficient of triangular labyrinth lateral weirs using SVM,
GMDH and MARS techniques. Irrig Drain. 2017;66(4):636-54.
doi: 10.1002/ird.2125.

[9] Parsaie A, Haghiabi AH. Prediction of side weir discharge

coefficient by radial basis function neural network. MedCrave

Online J Civ Eng. 2018;4(2):93-8.

Parsaie A, Haghiabi AH, Saneie M, Torabi H. Predication

of discharge coefficient of cylindrical weir-gate using

adaptive neuro fuzzy inference systems (ANFIS). Front

Struct Civ Eng. 2017;11(1):111-22. doi: 10.1007/s11709-016-

0354-x.

(10]


http://kfki.baw.de/fileadmin/conferences/ICHE/2002-Warsaw/ARTICLES/PDF/15D.pdf
http://kfki.baw.de/fileadmin/conferences/ICHE/2002-Warsaw/ARTICLES/PDF/15D.pdf

150 —

(12]

(13]

(14]

Jumana Hadi Sahib et al.

Parsaie A, Haghiabi AH, Emamgholizadeh S, Azamathulla HM.
Prediction of discharge coefficient of combined weir-gate
using ANN, ANFIS and SVM. Int ] Hydrol Sci Technol.
2019;9(4):412-30. doi: 10.1504/1JHST.2019.102422.

Azimi |, Bonakdari H, Ebtehaj H. Design of radial basis func-
tion-based support vector regression in predicting the dis-
charge coefficient of a side weir in a trapezoidal channel. Appl
Water Sci. 2019;9:78. doi: 10.1007/513201-019-0961-5.

Hana NI, Hayawi A, Al-Talib Kattab AN. Triangular side weir
discharge coefficient calculation and comparison using ANN.
Ina Lett. 2019;4. doi: 10.1007/s41403-019-00066-w.

Alwan F, Saleh HH, AL-Mohammed LAM, Abdulredha MAM.
Experimental prediction of the discharge coefficient for rec-
tangulare weir with bottom orifices. ] Eng Sci Technol.
2020;15(5):3265-80.

(15]

(16]

(17]

(18]

DE GRUYTER

Norouzi R, Daneshfaraz R, Ghaderi A. Investigation of dis-
charge coefficient of trapezoidal labyrinth weirs using artificial
neural networks and support vector machines. Appl Water Sci.
2019;9:148. doi: 10.1007/s13201-019-1026-5.

Klcaslan Y, Tuna G, Gezer G, Gulez K, Arkoc O, Potirakis SM.
ANN-based estimation of groundwater quality using a wireless
water quality network. Int | Distrib Sens Networks.
2014;2014:8. doi: 10.1155/2014/458329.

Lallahem S, Hani A. Artificial neural networks for defining the
water quality determinants of groundwater abstraction in
coastal aquifer. AIP Conf Proc. 2017;1814(2017):020013.

doi: 10.1063/1.4976232.

Leonard JA, Kramer MA. Radial basis function networks for
classifying process faults. IEEE Control Syst. 1991;11(3):31-8.
doi: 10.1109/37.75576.



	1 Introduction
	2 Problem description
	3 ANN
	4 Results and discussion
	5 Sensitivity analysis of ANN
	6 Conclusion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


