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Abstract

This research was based on laboratory experiments for obtaining the sediment removal
efficiency for a rectangular weir with three rectangular bottom openings. Thirty-three physical models
were made for weir without openings, weir with one opening, weir with three openings, for purpose of
comparison. These models were operated under clear-water condition and by using the uniform
cohesion less sand as bed material. Dimensional analysis was made to relate the maximum scour depth,
width and length of the scour holes created at the upstream and downstream sides of the weir, with
different geometrical and flow variables for each flow case. The SMS Sofiware-RMA2 Model was used
to obtain the velocity distribution to be related to the simulation of the self-cleaning efficiency for the
proposed weir models. The coefficients of variation for the estimated removal efficiency of sediments
at both sides were (1.113 -0.465), which indicate the necessity of obtaining a model to describe this
variation. Experimental data analysis had shown the flow conditions such as the head difference ,the
head over the weir, time, dimensions of openings, number of openings have considerable effect on the
scour holes volume at both sides of the weir. ANN models were developed herein using the (SPSS
software, version 19) to express the removal efficiencies of sediment both at the upstream and
downstream sides of the weir as a function of the different geometrical and flow variables. These
obtained ANN models were found to have correlation coefficients range (r=0.989 - 0.803) between the
observed and predicted removal efficiencies. These high correlations indicate the capability of these
models for a very good predictions. These models were used in a Visual Stuido Net,2010program in
order to be used by engineers to find the removal efficiency of such structure.
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1. Introduction

Weirs and gates are the common and important structures which are used in
controlling and adjusting the flow in irrigation channels. Weirs widely used for flow
measurements. One of the weirs demerits is the continuous needs of removing the
accumulated sediments near the structure. Sluice gates had been used extensively for
flow control and water measurement since long time. One disadvantage of the sluice
gates is they retained the floating materials. In order to maximize their advantages,
weirs and gates can be combined together in one device, so that water could pass over
the weir and below the gate simultaneously. The combined weir and gate systems can
be used in minimizing sedimentation and deposition.

Several research works can be found in the literature for the combined weir
overflow and the gate underflow, simultaneously. The first idea of simultaneous flow
over the weir and under the gate was introduced by Majcherek (1984).Negm (1995,
1996) analyzed the characteristics of the combined flow over contracted weirs and
below contracted gates of rectangular shape with unequal contractions. Ferro (2000)
reported the results of an investigation carried out to establish the stage discharge
relationship for a flow simultaneously discharging over a weir and under a sluice gate.
Problems concerning sedimentation and depositions are minimized by combined
weirs and gates as outlined by Alhamid ef al. (1997).Fadil (1997) developed a meter
for the combined flow through contracted sluice gate and weir. Combined-submerged
flow through weirs and below gates were analyzed and discussed by Negm(2000).
Negm et al.(2002) conducted some experiments to study the characteristics of the
combined flow over the sharp-edged rectangular weir and below the sharp-edged
rectangular gate with contractions. He introduced a general dimensionless relationship
for predicting the discharge of the combined flow. Samani and Mazaheri (2007)
presented a new physically based approach for estimating the stage discharge
relationship of combined flow over the weir and under the gate for semi submerged
and fully submerged conditions. Al-Suhili and Shwana(2013) had obtained a neural
networks model for the discharge coefficient of a Cipoletti weir with rectangular
bottom opening.

In this study the sediment removal efficiency from both the upstream and
downstream sides of the weirs are investigated. Three types of weirs are investigated
for the purpose of comparison, weir without any opening, weir with one bottom
opening, and weir with three bottom openings, one at the mid of the section and one
on each side of the weir section. The aim is to find a relationship between these
removal efficiencies with the geometrical and flow variables in non-dimensional
forms. This relationship will be found by fitting a suitable model to the experimental
data measured hereafter for this purpose.

2. Experimental Setup

Experiments are performed at the Hydraulic Laboratory in Al-Najaf technical
institute-civil techniques department. The experiments were carried out in a (17) m
long horizontal flume channel (slope equal zero) of cross section (0.5) m width and
(0. 5) m height. The channel consisted of glass walls and a stainless steel floor. Two
movable carriages with point gauges were mounted on brass rails at the top of the
flume sides see Fig.(1).Thirty-three combined weir models were manufactured from a
10mm thick glass, details of these models are shown in table (1) and Fig. (1). For
discharge measurements, a full width thin-plate sharp-crested rectangular weir fixed
at the tail end of the channel section, was used. The head upstream of the weir and
head over the weir, were measured with a precision point gauges whose least count
was (0.1) mm .In order to find a more realistic equilibrium scour time, three
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preliminary tests was made for the combined weir and openings models. It was found
that almost 90 percent of maximum scour depth was achieved after a run time of 120
minutes. During each run of experiment, the maximum depth of scour was measured
at given time intervals. The experiments shows that two scour holes are created, one
at the upstream side of the weir and the other at the downstream side. The shape of
each of these two holes is approximately a half ellipsoid. The removal efficiencies are
calculated using the difference in sediment volumes before and after operation of the
weir model. The volume before is the area of the section that contain the half ellipsoid
multiplied by the initial depth of sediment, while volume after operation is the
residual volume of this section, which is the volume before operation reduced by the
volume of the half ellipsoid. The volume of the half ellipsoid was calculated using the
measured three major axis of the hole, after operation.

3. Dimensional analysis for sediment movement

In order to obtain a dimensionless variables model fitted to the experimental data
dimensional analysis was performed as follows:

It is expected that the maximum scour depth, maximum scour length and
maximum scour width of the three types of models and flow conditions mentioned
above are dependent on the geometry of the models as well as on the flow conditions,
the following parameters may be considered:

Ds= f(Q,v,Dso,AH,g, p,it, s, So, bo,ho, W,h1,By,P) (1)
L = f(Q,v,Dso,AH,g, p,it , Ps, So, bo,ho, W,h1,By,P) (2)
W= f(Q,v,Dso,AH,g, p,1t, ps, So, bo,ho, W,h1,By,P) (3)

Where:

Dy is the maximum scour depth( m); L is the maximum scour length (m) ;W is
the maximum scour width (m); Q is the water discharge through the flume(m’/s); v is
flow velocity(m/s) ;Dsois mean sediment (soil) particle diameter(mm) ;AH is the
difference between the water levels upstream and downstream of the weir (m); g :is
gravitational acceleration (m/s”);p is the water density (kg/m’);u is the water
viscosity (pa.s); ps is the soil particle density(kg/m’); S, is flume bed slope; B is flume
width(m); h,, and b, are the length and width of each opening respectively(m); h; is
the water height over the weir crest(m); By, is the width of the weir(m); P the is the
weir height(m).

o  Models type (1):This model is for the case of the weir without bottom openings

,hence, b,, and h, can be dropped so the formula can be expressed as:

Dy/Dso =f(Rn, Fr, Byw/AH, hi/AH, P/AH, B/AH) (7)
Ly/Dso= f(Rn, Fr, By /AH ,hi/AH,P/AH, B/AH) (8)
W¢/Dso = f(Ry, Fr, By, /AH ,h;/AH,P/AH, B/AH) 9)

Where: Dy/Dsy is the relative depth of the scour hole; Ly/Dsy 1s the relative
length of the scour hole; W¢/Ds is the relative width of scour hole Fr is the Froude no;
R is the Reynolds no.

o Models type(2) and Models type(3): These model are for the two cases of weir
with one and three bottom openings , respectively ,where the following formula
can be obtained:

Dy/Dso=f( Ry, Fr, By, /AH ,h;/AH,P/AH, B/AH, hy/AH ,b,/AH) (10)
Ly¢/Dso= f(Rn, Fr, By /AH ,h;/AH,P/AH, B/AH, hy/AH ,b,/AH) (11)
W¢/Dsy=f(Rn, Fr, By /AH ,h;/AH,P/AH, B/AH, hy/AH ,b,/AH) (12)

As mentioned before, it is observed in the experiments that the scour
phenomena at upstream and downstream side of the weir models are characterized
each by a hole of half-ellipsoidal shape. The axis along the flow is designated by Lgys,
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Lsas, and across the flow by Wsys, Wsais and vertical half axis as Dgys, Dsgs, for the
upstream and downstream sides, respectively.

If these values are measured, the volume of that scour hole can be calculated
as follows:
Vows= 0.5 * (4/3) * m (Lsws) *Wsws *Dsuws (13)
Vos= 0.5 * (4/3) * m (Ls ass ) ¥*Wsass ¥Dsass(14)
Vws) = volume of half —ellipsoidal at upstream side of the werr,
Vs = volume of half —ellipsoidal at downstream side of the weir

If Vous) 1s the volume of region before scour at the upstream side; Vo) 1s the

volume of region before scour at the downstream side; then:
Removal Efﬁciency (RE)U/S = (Vs (u/s)/ Vo(u/s))% (15)
Removal Efﬁciency (RE)d/S = (VS (d/s)/ Vo(d/s))% (16)

These (RE)ys ,(RE)as , will then be affected by the flow and geometric
variables.

4. Scour measurements for calculating sediment Removal Efficiency

To investigate the relationship between the removal efficiency at each
upstream and downstream side with the relevant flow and geometrical variables for
one or three bottom openings models, many experiments were conducted, The
summary of results for these experiments are shown in Tables (2 to7) for flow cases
No.(2) and No.(3). Investigating these results it is observed that , for both models ,as
the flow rate increases, the removal efficiencies (RE) increase . Moreover, it is found
also that both removal efficiencies (RE) are increased to almost three times, as the
number of opening are increased ,form 1 to 3. As the size of opening increase the
removal efficiencies are also increase. However, it can be observed that the best
removal efficiency (RE) was achieved for each flow case , at model which have
higher values of crest width (B,,) and weir height(P) for the same flow and same
number of opening size for each upstream and downstream sides .

5. Application of Two Dimensional Modeling (RMAZ2)

To investigate the velocity distribution at the upstream and downstream sides of
the structure, the software (RMA?2) is used. This software was applied for flow case2
only, with two classified cases, case A for one bottom opening, and case B with three
bottom openings. Three different dimensions of the openings for each case was
selected as shown in Table (8), since for this situation the flow can be approximated
by a two dimensional model.

Figures (2,3,and 4) show the velocity distribution at the upstream and
downstream sides of the weir for the cases A mentioned previously in Table (8).For
the cases of one bottom opening only, it is shown from the velocity contours that an
ellipse of a relatively high velocity exists near the opening with maximum velocity
just at the opening and decreasing in the direction of the upstream side. The velocity
distribution pattern indicates the simulation of flushing of the sediments accumulated
upstream the weir from the central part of the channel section rather than accumulated
all over the section for the case of normal weir without bottom openings.

Figures (5,6 and7) shows the same analysis for the cases B, mentioned in
table(8), which are for a weir with three bottom openings. It is shown from the
velocity contours that high velocities exists near the three openings at center and both
sides which means more removal efficiency at upstream and downstream sides more
than one opening as shown in case A.

6. Artificial Neural Network modeling
An artificial neural network model (ANN), is a mathematical model that is
inspired by the structure and/or functional aspects of biological neural networks. A
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neural network consists of an interconnected group of artificial neurons, and it

processes information using a connectionist approach to computation. The artificial

neural network models for estimating the scour volumes presented by the following
variables {Dy/Dsows), Ds/Dsows), Ls/Dsows), Ls/Dsos)y, Ws/Dsows), Ws/Dsos), REws),

RE s} as a function of the following variables(By, /AH ,h;/AH,P/AH, B/AH, hy/AH,

bo/AH),were developed using the "SPSS , version 19"software, this software allows

the modeling with different network architecture, and use back propagation algorithm
for adjusting the weights of the model.

a. ANN Models for weir without openings

As mentioned before, The software needs to identify the input layer which
have four variables for this case (nodes)(Bw/AH,h;/AH, P/AH, B/AH) and the number
of output variables (nodes) which are here selected as three variables (Dy/Dsoqys),

Ly/Dsows),REws)). These iput-output variables were used in the software and

different trials were made to find the most suitable model. The modeling application

of this case results indicated that the best ANN model requires only one hidden layer
with one node. The best observed activation functions are the hyperbolic tangent and
the identity for the hidden and output layers respectively. The correlation coefficients
between the observed and predicted three output variables mentioned above, are

(0.951, 0.962, and 0.971), respectively which indicates the capability of the model for

precise prediction of these variables. Figure (8) shows the architecture of the

network.

b. ANN Models for weir with one bottom opening

In this case, the input layer has six variables (nodes)(B, /AH ,h;/AH,P/AH,

B/AH, hy/AH ,by/AH) and the output layer has eight variables(nodes) which
are {Dy/Dsoqwss),Ls/Dsoqss), Ws/Dsows)  sREqwss),  Dy/Dsocs) ,Ls/Dsows), Ws/Dsoas),
RE s }.The modeling application of this case results indicated that the best ANN
model requires one hidden layer with three nodes. The best observed activation
functions are the hyperbolic tangent and the identity for the hidden and output layers
respectively. The correlation coefficients between the observed and predicted six
output variables mentioned above range (0.848 to 0.894), as shown in table(9),which
are considered strong according to smith(1993) criteria. Figure (9) shows the
architecture of the network.

c. ANN Models for weir with three bottom openings

In this case, the mput layer which has six variables (nodes)(B,, /AH,

hi/AH,P/AH, B/AH, h/AH ,b,/AH) and the output layer has eight (nodes) which are
{Dy/Dsoss)Ls/Dsows), We/Dsows) sREws), Ds/Dsossy »Ls/Dsos), We/Dsoss), RE(s)}-The
modeling application of this case results indicated that the best ANN model requires
one hidden layer with six nodes. The best observed activation functions are the
hyperbolic tangent and the identity for the hidden and output layers respectively. The
correlation coefficients between the observed and predicted six output variables
mentioned above range (0.803 to 0.888) as shown in table (10), which are considered
strong according to smith(1993) criteria. Figure (10) shows the architecture of the
network.

7. Conclusions
From that experimental work and modeling analysis conducted in this research,

the following conclusions could be deduced:

1. For all the cases tested the coefficients of variation for the estimated removal
efficiency of sediments at the upstream and the downstream sides of the weir
proposed were (1.113 - 0.465), which indicate the necessity for obtaining a
model to describe this variation.
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2. The correlation coefficients for the ANN models developed herein were in the
range of (0.989-0.803), which can be considered as very good correlations.

3. The obtained velocity distribution of the weir for the flow cases no. 2 with three
openings as obtained by using the (RMA?2) software, indicates the existence of a
high velocity regions at the vicinity of the mid and side openings, rather than
that observed for the case of one mid opening ,which indicates only one mid
region of high velocity. This will assure better removal efficiency for the case of
three openings than the case of one opening.

4. For weir models without openings, the removal efficiency (RE(,s) in the upstream
side was found to be affected significantly by (B/AH) and (h;/AH). While for
weir models with one middle bottom opening, the removal efficiency in both
sides (REs), REs) were found to be significantly affected by (hi/AH) . For
the weir models with three openings, the removal efficiency in the both sides
(RE(ws), RE@s) were found to be significantly affected by (hi/AH, b,/AH),
hence, (h;/AH) can be considered as the common effective variable in all cases.

References

Al- Suhili R.H. and Shwana A. J., 2013, "Prediction of the Discharge Coefficient for a
Cipolletti Weir with Rectangular Bottom Opening", submitted to journal of flow
control and visualization, for publication.

Alhamid A.A., Negm A.M. and Al-Brahim A.M., 1997,"Discharge Equation for
Proposed Self-Cleaning Device", Journal of King SandUniversity, Engineering
,Science, Riyadh, Saudia Arabia,vol.9,no.1,pp.13-24.

Faculty of Engineering, AinShamsUniversity,vol.35,no0.1,March,pp.137-154.

Fadil H.A.,1997,"Development of a Meter for the Combined FlowThrough
Contracted Slice Gate and Weir", Almuktar Science ,no.4,University of Omar
Almuktar , Beida,Libya.

Ferro V., 2000 ," Simultaneous flow over and under a gate". J. of Irrig. and Drain.
Engrg., 126(3), 190-193.

Majcherek, H.,1984,"Submerged discharge relations of logarithmic weirs", J.
Hydraul. Eng., 110(6), pp840-846.

Negm A. M., Al-Brahim A. M., and Al-Hamid A. A.,2002,"Combined-free flow
over weirs and below gates", J. Hydraul. Res., 40(3), pp359-365.

Negm, A. M.,1995," Characteristics of combined flow over weirs and under gates
with unequal contractions", In advances in hydro-science and engineering,
March, Tsinghua University Press, Beijing,China,pp 285-292.

Negm,A.M., 2000, "Characteristics of Simultaneous Over Flow-Submerged Under
Flow (Unequal Contraction) ", Engineering, Bulletin,

Samani M.V. J., Mazaheri, M. ,2007,"Combined flow over weir and under gate", 7th
Iranian hydraulic conference, Power and Water University of Technology,
Tehran, Iran, November, pp81-86.



Journal of Babylon University/Engineering Sciences/ No.(2)/ Vol.(23): 2015

Table (1) Schematic presentation of sediment Models Tested.

Bottom Openings Crest length Crest height | Model classification
(bo x ho) cm (Bw) (P=h, +d)
right middle left cm cm
5*%10 5*%10 5*%10 20 20 la.l la
10¥10 10¥10 10¥10 la?2
10*5 10*5 10*5 l.a.3
10*8 10*8 10*8 l.a4
8*8 8*8 8*8 las
5*%10 5*%10 5*%10 23 24 1.b.1 1.b
10*10 10*10 10¥10 1.b.2
10*5 10*5 10*5 1.b.3
10*8 10*8 10*8 1.b.4
8*8 8*8 8*8 1.b.5
5*%10 5*%10 5*%10 33 28 l.cl l.c
10*10 10*10 10¥10 l.c2
10*5 10*5 10*5 l.c.3
10*8 10*8 10*8 l.c4
8*8 8*8 8*8 l.c.5

Table (2) Relation between removal efficiency and head for flow case no. (2), with B,=20 cm and

p=20 cm.
% Removal Efficiency(RE) ) % Removal Efficiency(RE) s opening
Three openings | One opening | Three openings | One opening H size(cm)
(cm) (bo*h,)
21.98 7.70 18.76 775 | 12 (10%10)
30.84 18.42 33.16 13.61 14
37.19 25.68 47.62 19.93 18
*
14.30 10.01 13.96 5.23 12 (10%8)
20.34 17.87 23.11 12.52 14
31.70 24.96 47.48 16.64 18
481 2.05 9.38 3.07 12 (5*10)
11.05 5.99 21.10 9.80 14
24.65 9.96 35.59 16.01 18

Table (3) Relation between removal efficiency and head for flow case no. (2) , with B,=23 ¢m and

p=24 cm.
% Removal Efficiency(RE)qs) % Removal Efficiency(RE)s) H opening
Three openings | One opening Three One opening | (cm) size(cm)
openings (b,*h,)
23.03 13.56 35.17 1273 | 2] (0710)
32.70 22.92 48.26 19.62 14
39.46 25.68 70.34 38.52 18
*
16.69 10.27 16.19 9.63 12 (10%8)
21.58 20.51 26.19 20.24 14
32.24 24.62 50.80 27.52 18
9.12 2.25 9.42 5.23 12 (5*10)
14.25 6.03 23.24 15.24 14
25.00 10.23 36.28 23.49 18
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Table (4) Relation between removal efficiency and head for flow case no. (2), with B,,=33 cm and

p=28 cm.
% Removal Efficiency(RE)qs) % Removal Efficiency(RE)s) H opening
Three openings | One opening | Three openings | One opening | (cm) size(cm)
(bo*h,)
45.59 13.90 49.75 2289 | 12| (10%10)
50.01 24.56 64.47 26.24 14
61.22 40.22 78.15 41.03 18
*
16.60 10.36 28.47 10.59 12 (10%8)
24.32 20.76 40.41 21.88 14
33.73 28.33 57.39 29.03 18
11.13 4.30 11.72 7.03 12 (5*10)
21.98 11.40 32.62 22.19 14
39.05 19.74 55.12 46.22 18

Table (5) Relation between removal efficiency and head for flow case no. (3)with B,=20cm,p=20

cm
%Removal Efficiency(RE)qs) % Removal Efficiency(RE) s h Opening
Three openings | One opening Three One opening | Over size(cm)
openings weir (bo*h,)
53.50 48.84 74.73 $326] 15| (10710)
63.96 58.15 95.53 60.41 2.8
k
50.01 40.01 60.71 37.40 1.5 (10%8)
63.96 55.26 77.45 58.03 2.8
48.84 38.30 52.33 37.23 1.5 (5*10)
59.31 48.84 74.31 46.05 2.8
40.82 38.73 41.10 20.64 1.5 (10*5)
51.17 46.52 57.22 33.41 2.8
44 .45 37.61 50.59 23.86 1.5 (8*8)
55.82 46.52 61.40 43.71 2.8

Table (6) Relation between removal efficiency and head for flow case no. (3)with B,,=23c¢m,p=24

cm
% Removal Efficiency(RE)qs) % Removal Efficiency(RE)s) h Opening
Three openings One opening Three One opening | Over size(cm)
openings weir (b,*h,)
58.01 49.64 79.44 4857 15| U0710)
67.41 59.31 97.97 71.38 2.8
56.99 47.08 65.94 44.66 1.5 (10*8)
67.45 58.15 81.12 64.40 2.8
56.52 43.74 54.43 42.56 1.5 (5*10)
63.96 58.15 78.50 66.76 2.8
46.05 41.87 43.26 24.28 1.5 (10%*5)
58.15 52.33 65.94 38.18 2.8
46.52 42.98 52.37 40.81 1.5 (8*8)
62.80 56.99 70.34 53 2.8
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Table (7) Relation between removal efficiency and head for flow case no. (3)with B,=33cm,p=28

cm.
% Removal Efficiency(RE) ) % Removal Efficiency(RE)ys) h opening
Over size(cm)
Three One opening Three One opening wetr (®*he)
openings openings
74.43 58.15 87.78 7229 15| (10%10)
81.41 65.13 97.69 96.29 2.8
60.30 53.38 81.81 6064 | 15| (10%8)
78.97 64.30 87.78 72.39 2.8
58.15 52.33 75.01 5727 15| (5%10)
74.43 62.80 84.78 66.99 2.8
50.24 49.19 49.75 4187 | 15| (10%5)
67.45 58.15 73.48 61.96 2.8
50.59 51.36 62.80 4326 | 15 (8*8)
70.94 61.64 81.95 66.32 2.8
Table (8) The required boundary conditions for flow case no. (2)classification used in RAM2.
Downstream Bomndary Upstr‘eflm B?undary No. and‘size of ‘ ‘
Condition Water Depth(m) COIldlthI; Discharge openings Classification
(m’*/sec) (cm)
0.011 0.021 1(10*10)
0.011 0.021 1(5*10) A
0.011 0.021 1(8*8)
0.011 0.062 3(10*10) 5
0.018 0.062 3(5*10)
0.018 0.062 3(8*8)

Table(9) Correlation coefficients between observed and predicated outputs for the ANN model
for the case of weir with one opening.

Correlation Coefficient Output variable

0.881 DS/DSO(u/s)
0.848 LS/DSO(u/s)
0.883 W/Dsows)
0.876 DS/DSO(d/s)
0.855 LS/DSO(d/s)
0.894 W/Dsos)
0.868 RE (s

0.894 RE 45

Table (10) Correlation coefficients between observed and predicated outputs for the ANN model
for the case of weir with three openings.

Correlation coefficient Output variable

0.822 DS/DSO(u/s)
0.803 LS/DSO(u/s)
0.868 Wo/Dsows)
0.835 DS/DSO(d/s)
0.888 LS/DSO(d/s)
0.886 W/Dsos)
0.803 RE s

0.801 RE (s
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reach used for sediment laying
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Figure (1) Schematic Diagram of channel side with details.
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Figure (2) case A, weir with one opening (10*10) cm
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Mesh Module velocity
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Figure (5) case B, weir with three opening, each is (10%10) cm
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Figure (7) case B, weir with three opening, each is (5¥10) cm

effeicncy

Fi

gure (8) ANN model architecture for weir without openings with correlation
coefficients (R=0.951) (R=0.962), (R=0.971).
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Figure (9) ANN model architecture for weir with one bottom opening with
correlation coefficients shown in table(8).
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Figure (10) ANN model architecture for weir with three bottom openings, with
correlation coefficients shown in table(9).



