International Journal of Scientific & Engineering Research, Volume 6, Issue 10, October-2015
ISSN 2229-5518
165

The Effect of Relative Discharge on Local Scour
Downstream Combined Structure

Fadhel Abdulabbas®, Saleh I. Khassaf > and Hassan A. Omran®
!Assistant Lecturer, Department of Civil Engineering, College of Engineering, Kufa University, Najaf, Irag, PhD researcher

in University of Technology, Baghdad, Iraq, fadhil a76@yahoo.com.

%Professor of Hydraulic Structures Engineering, Department of Civil Engineering, College of Engineering, Al-Basrah Univer-

sity, Basrah, Iraq, alkhssafmustafa@yahoo.com.

3Assistant Professor of Water Resources Engineering, Waters and Dams Branch, Department of Building and Con-
structions, University of Technology, Baghdad, Iraq, hassn7745@gmail.com.

Abstract— In this research, a study was conducted experimentally to investigate the scour hole dimen-
sions downstream the combined structures which consist from weir and gate due to the effect of the relative dis-
charge (Q,) between the flow above the compound weir to the flow under the gate. Twenty models have been de-
signed, and every model is formed from composite weir consists of two geometric shapes with rectangular gate
of constant dimensions. In this study, the experiments was conducted in a laboratory channel was constructed
from blocks and concrete with length of 18 m, 1 m width and depth of 1 m, where the laboratory models were
installed after 7 m from the main gate which is controlling the passage of water from the main reservoir into the
flume. At the beginning, the calibration process was conducted to identify the actual discharge values that pass
in the flume, then one hundred experiments were conducted in order to derive formulas for investigating the non-
The

bed of the flume was spreaded with sand as a layer of 30 cm in thickness for a distance 4 m downstream com-

dimensional depth (SD/ds;) and non-dimensional length (SL/ds,) of the scour hole due to the effect of (Q,).

bined structure. Two samples of sand were used in the experiments with different median size of particles (ds),
the first of 0.7 mm and the second of 1 mm. Using the Excel program 2013, Eight polynomial relationships were
derived to calculate the dimensionless scour depth (SD/ds,) in terms of the relative discharge (Qr), where the re-

sulted coefficients of determinations (Rz) from these relationships were high.

Index Terms— Local scour, Combined structures, Relative Discharge.

1 INTRODUCTION

Weirs and gates are the common and important struc-
tures which are used in controlling and adjusting the flow
in irrigation channel. Weirs widely used for flow meas-
urements. One of the weirs demerits is they need to be
cleaned of sediment and trash periodically. Sluice gates are
used extensively for flow control and water measurement
for 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 simultaneous-
ly.

Fig. 1 shows this structure, this compound device create

a new hydraulically condition in compression with weir or
gate, each other alone. The combined weir and gate sys-
tems can be used in minimizing sedimentations and depo-
sitions [1].

The economic aspect is one of the important factors in
the creation of such a project and to reduce the cost of any
project is the preoccupation with taking into consideration
the structure will be run optimally and without causing
any damage to the future.

The non-use of concrete floor at downstream of the
structure, which are designed to dissipate energy flow
passing over the edge of the weir is one of the most im-
portant methods that will reduce the cost, and it must use
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the alternative is less expensive and available and ensures
the lack of access scour subsequently leads to the occur-
rence of damage in the structure and keep it fully within
the allowable limits.
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Figure 1 Definition sketch for combined free flow over
weirs and under gates

Ahmed [2], investigated the scour characteristics down-
stream weirs, gates and combined structures consist of weir
and gate had been conducted. The study included the
measurement of maximum scour depth (Ds) and the length
(Ls) of scour hole downstream these structures. Also, the
effects of structure height, under sluice opening height,
discharge variation and bed material size (Dsp) on the
depth and length of scour hole. Two empirical relation-
ships were obtained to estimate (Ds/Dso) and (Ls/Dso) in
terms of Froude number (Fro) , relative water surface fall
(AHw/P), relative opening height (ho/AH:) and relative
discharge (qu/qa) for compound gates with high correla-
tion coefficients.

Dehghani et al. [3] studied the scour characteristics of
scour hole downstream of combined free over weir and
below gate experimentally. The conceptual model of flow
field downstream of combine flow over the weir and under
the gate indicates that there are interactions between the
flows over the weir and under the gate and the scour hole
cuts and fills alternatively. By increase of Froude number,
the maximum depth of scour (hs), length of scour (I;) and
sedimentation length (o) increase.

Sobeih et al. [4] investigated the scour depth down-
stream weir with openings. The study was based on an ex-
perimental program included 171 runs. These runs were
carried in a rectangular flume with openings fixed in
the body of weirs. Three cases of opening arrange-
ments were included, no opening, one opening and
three openings. Different diameters of openings 1.27 cm,
1.9 cm and 2.54 c¢m, different heights at 0, 0.25 and 0.5 of
weir height were tested under different flow conditions.

The experiments showed that for most considered
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values of openings diameter either case of one opening or
three openings, the value of h/p = 0.25 gave the smaller
values of scour depth, while the value of h/p = 0.5 gave
the higher values of scour depth. Also, it was noticed that
for most considered values of openings height, the value
d/p = 0.149 gave the smaller values of scour depth for case
of one opening but for case of three openings, the value
d/p = 0.075 gave the smaller values of scour depth.

Finally empirical formula was developed for estimating
scour hole depth in terms of downstream flow conditions,
Froude number, height of the weir, number of openings,
area of openings, diameters and heights of the openings.

2 THE LABORATORY MODELS

Twenty models were used in the experimental work
to investigate the derive formulas describe the relation-
ships between scour hole dimensions and relative dis-
charge (Q). Laboratory experiments have been conducted
by a channel which was manufactured by the researcher
and was built from blocks and concrete, and consists of the
following parts as shown in Fig. 2:

Figure 2 The Flume Parts and Accessories: 1. The flume, 2.
Head basin, 3. Lateral basin, 4. Vertical sluice head gate, 5.
Vertical sluice tail gate, 6. Stilling screens, 7. Main pump, 8.
Gauge point, 9. Rails, 10. Iron frame, 11. BRC mesh, 12.
Overflow valve, 13. Exhausting and cleaning valve

A calibration process was conducted to the flume by us-
ing a standard weir which is designed according to USBR
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limitations for standard sharp crested weir with 90 V
notch [5]. The laboratory models were divided into four
groups with respect to compound weir shape as shown in
Fig. 3: The geometrical dimensions for all tested models are
listed in Table 1. It should be mentioned that the following

geometric parameters are constant for all the tested models:
1. The width (B) =1 m and the overall height (L) =
0.5 m. for all models.
2. The height of upper part of compound weir (y1)
for all models = 0.2 m.
3. The rectangular gate dimensions are same for all
models = (0.14 m. width * 0.07 m. height).
Table 1: Geometric Properties for Laboratory Models
D Model y2 v3 by ba bs D
0° | 6
| b1 | No. | (m) | (m) | (m) | (m) | (m) | (m) | ’
’ N ‘ 1 [007]016] 045|037 [012]0.14 | 60 | 30
2 009|014 | 04 | 029 | 011 | 0.14 | 45 45
£ 5
] g 3 011|012 037 | 023 | 01 | 014 | 30 | 60
b1 02 4 012 | 011 | 035 | 0.18 | 0.09 | 0.14 | 20 70
Y2 5 014 | 0.09 | 034 | 0.13 | 0.08 | 0.14 | 10 80
v 6 012 | 011 | 0.88 | 0.19 | 0.15 | 0.14 | 60 30
D2 7 009|014 | 076 | 0.36 | 0.18 | 0.14 | 45 45
5
b 8 0.08 015 | 061 | 038 | 0.2 | 0.14 | 30 60
9 0.07 | 0.16 | 058 | 043 | 0.22 | 0.14 | 20 70
I & 3]
‘ b2 10 0.06 | 0.17 | 053 | 046 | 0.26 | 0.14 | 10 80
11 013 | 0.1 | 0.75 | 0.05 - 014 | 10 -
Vi 12 012 | 011 | 0.7 | 0.09 - 014 | 20 -
h1 13 011 | 0.12 | 0.65 | 0.13 - 014 | 30 -
V2 14 01 | 013 | 0.6 0.2 - 014 | 45 -
. 15 0.09 | 0.14 | 0.55 | 0.31 - 014 | 60 -
3
DA 16 015 011 | 095 | 0.72 | 0.05 | 0.14 | 10 -
C D 17 014 | 014 | 09 | 067 | 01 | 014 | 20 -
N 18 012 | 0.15 | 0.86 | 0.63 | 0.14 | 0.14 | 30 -
| ! |
5 19 011 | 016 | 0.8 | 057 | 0.22 | 0.14 | 45 -
2
| - 20 009|017 | 0.76 | 0.53 | 0.31 | 0.14 | 60 -
N
h1
Each model was examined by five values of actual dis-
v charge (Qact) which are 0.037, 0.031, 0.026, 0.011 and 0.006
m3/s.
Y3
D 3 SIEVE ANALYSIS FOR BED MATERIALS SAMPLES
d D

Figure 3 General definition sketch for: a. first five
models b. Second five models c. Third five models #SER © 2015
Fourth five models http://www_ijser.org
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In this study, sand was used as a material for the bed of
flume and the samples which were selected included all the
grades of sand from coarse to fine and as classified by the
USCS classification [6].

To investigate the effect of sediment size as an effective
parameter on the scouring process, two samples were se-
lected to conduct the laboratory experiments with two
mean diameter, the first of 1 mm and the second of 0.7
mm.Sieve analysis and preparation of the quantities re-
quired was conducted by NSGF Company for production
of sand and gravel filters. The results of sieve analysis for
both samples mentioned above are as shown in Fig. 4 and
Fig. 5.

The geometric standard deviation o, of the sand
size equal to 2.27 for the first sample and 2.62 for the se-
cond sample, which is implies that the sand is of well-
graded soil. The o 4 is defined as: [7]
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Figure 4 Sieve analysis of bed material for the first sample
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4 RESULTS DISCUSSIONS AND ANALYSIS
4.1 EFFecT oF Qr oN SD/ds,

For the first five models, the results show that the values
of SD/ds increase when the value of Q.. The maximum
value recorded at model no. 1 with value of 361.4 when Q;
equal to 1.41 with dso equal to 0.7 mm. While the minimum
value recorded at model no. 5 and was 78 when Q; equal to
0.1 with dso equal to 1 mm (Fig. 6).

®d50=1mm
®d50=0.7 mm
450 SD/dso = 37.2 Q2 + 98.7 Q, +169.4
400 R? = 0.818 .
300 :.-o"
o o9
250 e ®
T 0% .- P o™
3 200 @ ..ﬁ""
150 .0 ®  ..-@®
o.. .........
100 .Q.-. \ SD/dso = 3.96 Q.2 +103.7 Q; + 94.4
R2 = (.84
50
0
0 0.5 1 1.5

Qr

Figure 6 Relationship between SD/ds and Q: for the first
five models

Fig. 7 shows that the maximum value of SD/dsy record-
ed was 390 when Q; equal to 1.8 with dso equal to 0.7 mm
in model no. 10, while the minimum value of SD/dso rec-
orded was114 for Q; value of 0.24 in model no. 6 with dso
equal to 1 mm.

®d50=0.7 mm

®d50=1mm SD/dso = 71.5 Q2 - 22.3 Q; + 218.7
450 sar-2
400
PY 0®.® °
350 ‘.‘-.
300 .,
th 250 o @ . .
2 \ ) ‘ ............ . 3%
g 20 |® . :
’
150 Ry R o
e ©
P SD/dso = 69.5 Q2 - 4.8 Q, + 145.6
, R2 = 0.928
0
0 v 1.5 5

1
Qr

Figure 5 Sieve analysis of bed material for the second WSER © 2015
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In the third five models, Fig. 8 shows that the maximum
value of SD/dsy recorded was 348.6 when Q; equal to 1.99
with dso equal to 0.7 mm in model no. 15, while the mini-
mum value of SD/dsy recorded wasl10 for Q, value of
0.012 in model no. 11 with dso equal to 1 mm.

®d50=0.7 mm
®d50=1mm SD/dso = -35.35 Q7 +138.3 Q: + 194.98
R2=0.929
350
..... ®
.9....‘--
300 -
o
250 -
-
Q 200 ¥ ™ '_%o...-ii"'
g ¢, ....f )
» 150 }. .......
100
SD/dso = -14.5 Q2 +75.1 Q; + 127.2
50 R2 =0.919
0
0 0.5 1 1.5 2 2.5

Qr

Figure 8 Relationship between SD/dsy and Q; for the
third five models

In the fourth five models, Fig. 9 shows that the maxi-
mum value of SD/dsy recorded was 347.1 when Q: equal to
1.46 with dso equal to 0.7 mm in model no. 20, while the
minimum value of SD/ds recorded was 96 for Q; value of
0.011 in model no. 16 with dsp equal to 1 mm.
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4.2 EFFecT OF Qr oN SL/ds

For the first five models, the results show that the values
of SL/dsy increase when the value of Q.. The maximum
value recorded at model no. 1 with value of 2571.4 when Q;
equal to 1.41 with dso equal to 0.7 mm. While the minimum
value recorded at model no. 5 and was 800 when Q; equal
to 0.1 with dso equal to 1 mm (Fig. 10).

®d50=0.7 mm
®d50=1mm
SL/dso = -604.1 Q.2 -177.8 Q; + 1606.2
3000 R2=0.85
2500 o ‘_..3
o
2000 ®.g ©
2 F .’.n"‘
B 1500 Y o °
B ° TR B el
1000 K I YO PRSP e®?® Y0
“. oy
500 SL/dso = 378.4 Q.2 - 141.1 Q; + 970.2
R2=0.819
0
0 0.5 1 1.5
Qr

Figure 10 Relationship between SL/dsy and Q; for the first
five models

Fig. 11 shows that the maximum value of SL/dso rec-
orded was 2714.3 when Q; equal to 1.8 with dso equal to 0.7
mm in model no. 10, while the minimum value of SL/dso
recorded was 900 for Q; value of 0.24 in model no. 6 with
dso equal to 1 mm.

®d50=0.7 mm ®d50=0.7 mm
®d50=1mm ®d50=1mm
SD/dso = -48.2 Q2 +172.96 Q: +189.8 SL/dso = 554.7 Q22 - 462.95 Q; + 1716.7
400 R2 = (.88 3000 R2 = 0.825
350 .
....... ® 2500 o
el o0d
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250 o & & o 0%
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100 SD/dso = -29.4 Q,.20+81: 2Q,+125.4 SL/dsn = 339.4 Q2 -262.3 Qs + 1076.7
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Figure 9 Relationship between SD/ds and Q: for the
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Three dimensional scour profile for the models which
the maximum scour occurs in its downstream are present-
ed in Fig. 14.

In the third five models, Fig. 12 shows that the maxi-
mum value of SL/dso recorded was 2428.6 when Q; equal
to 1.99 with dso equal to 0.7 mm in model no. 15, while the
minimum value of SL/dsp recorded was 850 for Q; value of
0.012 in model no. 11 with dso equal to 1 mm.

®d50=0.7 mm
®d50=1mm
3000 SL/dso = 151.9 Q2 +136.4 Q; + 1525.8
R2=0.943
2500 °
o
2000 o = e
Q o
v e
] 1500 BF )
2 o °
_““..--.'
1000 u....q-- @0 e
500 SL/dso = 75.4 Q2 + 551 Q; + 936.43
R2=0.928
0 = _ A N
0 05 1 15 2 25
Qr

Figure 12 Relationship between SL/dsy and Q; for the third
five models

In the fourth five models, Fig. 13 shows that the maxi-
mum value of SL/dso recorded was 2357.1 when Q: equal
to 1.46 with dso equal to 0.7 mm in model no. 20, while the
minimum value of SL/ds recorded was 800 for Q, value of
0.011 in model no. 16 with dsp equal to 1 mm.

®d50=0.7 mm
®d50=1mm SL/dso = 181.98 Q2 +338.7 Q: + 1496.2
5500 R2 = 0.889
.9
.80
2000 U
o OO
........ Y
Q 1500 & éve
3 @ o
E [ ] JPC YR o
1000 ‘ ..... .."9.........
500 SL/dso = 158.2 Q7 + 108.3 Q: + 907
R2 = 0.883

0 0.25 0.5 0.75 1 1.25 1.5 1.75
Qr

Figure 13 Relationship between SL/dsp and Q for the
fourth five models
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d

Figure 14 3D- Scour Profile in a) Model 1 b) Model 10 ¢)
Model 15 d) Model 20 ,for Q= 0.037 m3/s and dso = 0.7
mm (Surfer ver. 11) (All dimensions in cm.)

5 CONCLUSIONS

In this study, the following conclusions are concluded
from SD/dso and SL/dsp vs. Q: for various values of actual
discharges Qact and dso:

1. The results show that the maximum values of SD/dsg
for the twenty models was recorded generally in the se-
cond five models and especially in model no. 10 which
its compound weir consist of trapezoidal upper part
and rectangular lower part. The maximum scour depth
was recorded as 27.3 cm in sandy bed with dso of 0.7
mm and 30 cm thickness. Also the maximum scour
depth was recorded against actual discharge of 0.037
m3/s and relative discharge Q: equal to 1.8. While the
minimum value of SD/dsp was recorded in model no. 16
which its compound weir consists of trapezoidal upper
part and triangular lower part. The minimum value was
18.8 cm in sandy bed with dsp of 1 mm and 30 cm thick-
ness with the same value of actual discharge and Q;
equal to 0.4.

2. The results show that the maximum values of SL/dso
for the twenty models was recorded generally in the se-
cond five models and especially in model no. 10 also.
The maximum scour length was recorded as 1.9 m in
sandy bed with dsp of 0.7 mm. Also the maximum scour
length was recorded against actual discharge of 0.037
m?3/s and relative discharge Q; equal to 1.8. While the
minimum value of SL/dsy was recorded in models no. 5,
11 and 16 (Fig. 3: a, ¢ and d). The minimum value was
1.05 m in sandy bed with dso of 1 mm with the same
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value of actual discharge and Q: equal to 0.88, 0.95 and
0.4 respectively.

3. Both values of SD and SL increase with increasing in the
values of actual discharge passing through the flume
and relative discharge between compound weir to the
flow under the gate.

4. The most control hydraulic factor in the value depth
and length of the scour hole is Froude number in terms
of the mean size of bed material (d50) where always the
relationship is positive, that is, when the value of
Froude number increased each of SD and SL also in-
creased for all models in all groups.

5. The size of the depositions changes with the depth and
length of the scour hole where whenever the hole depth
increased as a result from the free fall of water from the
edge of the compound weir, the deposition of sediments
was more, while the flow through the gate is helping to
pay these sediments away and make the form seem
more flat.

6. Whenever the weir width increased, the scour hole gen-
erated becomes more flat even with the increase in the
value of discharge passing through it and this is evident
by the results of the third and fourth five models.
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