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Abstract: A composite hydraulic structure is used to solve the problems of sediment and floating materials,
respectively. A pier (obstacle) is used at the downstream of the composite hydraulic structure to increase water
depth, decrease flow velocity, and dissipate the flow energy. The paper deals with the effect of single pier and
double piers on the hydraulic characteristics of the composite structure. Circular and square shapes are adopted
in the study with different spacing measured from the downstream of the composite structure. The experiments
reveal how the level of the hydraulic characteristics is changed due to the existence of the pier/piers as compared
to without the existence of the pier/piers. The statistical data which is collected from the experiments shows the
alteration in the average downstream water depth, discharge coefficient, Reynolds number, upstream Froude
number and downstream Froude number regardless of pier shape and spacing. The alteration happens owing to a
change in the separation zone of water flow along the pier circumference. Nonlinear water surface profile is
appeared when the pier is located at the downstream, while linear water surface profile is appeared clearly when
the downstream without pier. Also the interference between overflow velocity and underflow velocity will be
reflected in the hydraulic characteristics.
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'O kb1 Texuuueckuil yuuBepeuter/Bacpekuii HHKeHepHO-TEXHUUECKHH KoJutek, I. bacpa, UPAK
2JOxHbIl TexHUdeckuil yHuBepcuteT/ Texnuuecknii nHCTUTYT Bacpsl, 1. Bacpa, MPAK

AnHoTanusi: KoMIIO3UIIMOHHOE THIPOTEXHUYECKOE COOPYKEHHWE WCHONB3YeTCsl Ul pEIICHHs NpoodiieMm,
CBSI3aHHBIX C OTJIOKCHUSIMM M COOTBETCTBEHHO  BCIUIBIBAIOIIMMH BemiecTBaMu. [Iupc (kak mpemnsiTcTBue)
3a7eHCTBOBAH B HIDKHEH YacTH CIIOKHOTO THIPOTEXHHUYECKOTO COOPYKEHHS ISl YBEJIMUCHHS TIIyOMHBI BOJIHI,
YMEHBILIEHUSI CKOPOCTU MOTOKA U PACCEMBAHUSA YHEPTUU MOTOKA. B cTaThe pacCMOTPEHO BIIMSHNE OAMHOUYHBIX U
JIBOMHBIX CBall Ha THAPABIMYECKHE XapaKTEPUCTUKH COCTAaBHOW KOHCTPYKLMM. B uccienoBaHUM IPHUHSATHI
KpYyTJble W KBajApaTHbIE (DOPMBI C PAa3HBIM PACCTOSHUEM, M3MEPEHHBIM OT HIKHEH 4YacTH KOMITO3UIMOHHOMN
KOHCTPYKIMH. DKCHEPHUMEHTHI MOKA3bIBAIOT, KaK M3MEHSETCSl YPOBEHb TMAPABIMYECCKUX XAPAKTEPUCTUK HPH
HAJMYUH NPEIATCTBUS/IPEIATCTBHN 110 CPABHEHUIO ¢ UX OTCYTCTBHEM. CTaTHCTHYECKUE JaHHBIe, COOpaHHBIC B
pe3ysbTaTe SKCIEPUMEHTOB, TIOKa3bIBAIOT HW3MEHEHHME CpeJHeH TIyOMHbI BOJBI HMXKE II0 TEYEHMIO,
koo duimenra pacxoja, uyucia PeiiHosbaca, unciaa @pypa Bblne mo TedeHuro W uuciaa Dpyna HuKe 10
TCUCHUIO HC3aBUCHUMO OT (1)0pr1 1 pacCTOAHUA MEXKIY OIOpaMHu. Hsmenenne MMPpOUCXOAUT 3a CUYET UBMCHCHUA
30HBI OTPBIBA IOTOKA BOJIBI 110 OKPY)KHOCTH mupca. HeauHeHbli mpoduib BOJHONM TTOBEPXHOCTH IPOSIBIISETCS
IPU PacIoiOKEHHN THpPca B HIDKHEM Obede, a JIMHEWHBII MTPOoQHIb BOJHOM MOBEPXHOCTH MPOSIBISIETCS YETKO
npu HwkHeM Obede Oe3 mnupca. Takke Ha THAPABIMYECKHX XapaKTEpUCTUKaX OyJeT OTpakaTbes
B3aMMOBJIMSIHIE CKOPOCTHU TEepesInBa U CKOPOCTH HUXKHETO MOTOKA.

KuarwueBble cjioBa: TCUCHKE B OTKPBITOM PYCJIC, IIJIOTUHA, 3aTBOP, MPCHATCTBUEC
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INTRODUCTION

The weir and gate composite hydraulic structure
is the most common and significant discharge
structure in irrigation engineering work. This
structure is used for adjusting and controlling
the water flow in the channel or canal. The
function of using both a weir and a gate in the
same structure is to remove the floating material
by the weir structure and the sediment by the
gate opening at the same time with high
efficiency of the operation without any
shortages in supply water flow rate. The free
flow characteristics of the flow which passes
over the weir and wunder the gate are
investigated. The weir has a triangular shape,
while the gate has a rectangular shape. Nine
different weirs are used with three different
angles over a gate with a rectangular section.
Also, three different distances between the gate
and the weir are considered in the study [1]. The
discharge coefficient of a combined hydraulic
structure is investigated. Nine different models
are used, with the weir having a rectangular
shape while the gate has a semi-circular
shape. The discharge coefficient of the
combined structure is estimated by using a
multi-regression model with the percentage of
the error equal to +10% [2]. Also, the flow
pattern over the weir and under the gate of the
combined weir-gate structure is studied
experimentally. In the experiments, four
different opening gate heights were adopted.
Four different angles for the weir were also
adopted in the experiments. Statistical analysis
principles are adopted to correlate the discharge
coefficient with hydraulic and geometric
variables [3]. The discharge coefficient and the
free flow characteristics for composite weirs
and sluice gates are examined by using
experiments. The gate has a semicircular shape
with fixed dimensions. Fifteen device models
are employed and tested under the action of the
different geometrical conditions, while the
hydraulic conditions are considered constant.
They obtained an expression to describe the
device discharge coefficient [4]. As well, the
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discharge coefficient of the combined weir-gate
structure is examined by using experiments
under free flow conditions. The weir consists of
two parts, and these parts are trapezoidal notch
over rectangular notch, while the sluice gate has
a semicircular shape. Fifteen device models are
employed and tested. From the results of the
experiments, they developed and predicted a
formula for the discharge coefficient of the
device [5]. Experimentally, the hydraulic
characteristics of flow over a cipolletti weir and
under an opening with a rectangular section are
studied. Thirty-nine models are made with
different  geometrical ~ dimensions.  The
experiments are done under the free flow
condition and subcritical flow [6]. In addition,
the characteristics of the combined flow under a
rectangular opening and over a trapezoidal weir
are studied experimentally. Also, the
dimensional analysis with statistics program is
employed to obtain an empirical formula to
describe the discharge coefficient [7]. The
mutual influence of the suspended material and
the deposition on the combined hydraulic
structure has been studied. Experimental work
has been done to validate the composite models.
The simulation analysis is based on the RNGK-
¢ turbulence model. From this study, the
prediction of the discharge leads to the
suggestion of two mathematical models with an
acceptable discharge coefficient [8]. On the
other hand, the composite hydraulic structure
flow characteristics are studied experimentally
under free flow conditions. The study dealt with
the influence of the installation angle of the
composite structure on the horizontal bed of the
flume on hydraulic characteristics, considering
different geometrical dimensions of the
composite  structure [9]. In  addition,
experimental work is performed to reveal the
hydraulic characteristics of water flow that

passes through the composite hydraulic
structure and encounters obstacles with or
without  openings, which are located

downstream of the composite structure. The
experiments show the direct effect of the
obstacles with openings on the hydraulic
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characteristics and flow pattern [10]. The impact
of using the barrier/barriers at the downstream
region of the weir-gate structure has been
studied experimentally. The experiments reveal
the influence of the barrier/barriers on
controlling the hydraulic characteristics of the
composite hydraulic structure [11]. Also, an
experimental study was carried out to show the
effect of the downstream obstacle/obstacles on
the hydraulic characteristics of the discharge
structure (weir-gate structure). The experiments
show that the obstacle/obstacles control the
trend between the hydraulic variables [12]. The
experiment study deals with assessment of the
composite structure's hydraulic characteristics
under the effect of the pier/piers' existence at the
downstream of the composite structure. Here,
the pier works as an obstacle and leads to an
increased water level around the pier and
reduced flow velocity. These factors will be
reflected  directly on  the  hydraulic
characteristics of the hydraulic structure.

THEORETICAL ANALYSIS
The theoretical discharge, which crosses the

rectangular weir, can be computed from the
following equation [13].

2 3/2
=—/2¢ bh
O, 3\/ g 0

The theoretical discharge, which crosses the
gate, can be computed from:

0, =V.A=\2gH 4

()
For free flow conditions,
H=d +y + h (3)
For submerged flow conditions
H=d+y +/’l—hd (4)
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For the composite hydraulic structure, which
consists of weir and gate, the theoretical discharge
and actual discharge can be computed according to:

cheor :Qw +Qg (5)
Qact = Cd : cheor (6)
Qact :Cd [Qw +Qg] (7)

Where, H: upstream water depth, h: water head
over weir crest, ha: downstream water depth, y:
vertical distance between weir and gate, d: the
gate depth, A: gate cross-section flow area, Vis
the flow velocity, b: the width of the rectangular
weir, g: acceleration due to gravity, Qw:weir
discharge ,Qg: gate discharge,Qteor: theoretical
discharge ,Qact: actual discharge ,Ca: discharge
coefficient.

The Reynolds number [14] and Froude number
[15] are computed by using the following
equations:

g, =Vt
v (8)
.

' _\/5 (9)

Where: v is the kinematic viscosity of water, y:
water depth.

EXPERIMENTAL SETUP

The experiments for the current study are done
on the flume, which has the following
dimensions: 2 m long, 7.5 cm wide, and 15 cm
deep. The volume method is used to measure the
actual discharge quantity, while the water depth
at the upstream and downstream is measured by
using a scale mounted on the side wall of the
flume. Table 1 displays the dimensions of the test
model that is made from wood sheet material; the
thickness of wood sheet is equal to Smm beveled
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along all the edges at 45° with sharp edges of
Imm. The composite hydraulic structure is
located at a certain distance equal to 80 cm from
the beginning of the flume. For all experiments,
the bed of the flume must be in a horizontal
position. Two different shapes of the pier are
used; the first one has a circular shape, while the
second one has a square shape.

Table 1. The dimensions of the test models

Model No. | Hu(cm) | D(cm) | Y(cm) | H(cm)
1 3 4 2 9
2 2 4 2 8
3 1 4 2 7
4 3 3 3 9
5 2 3 3 8

6 1 3 3 7
7 2 4 3 9
8 1 4 3 8
9 3 2 4 9
10 2 2 4 8
11 1 2 4 7
12 1 4 4 9

Table 2 reviews the details of the pier. Piers are
located at different distances measured from the
downstream of the composite hydraulic
structure. Also, table 2 illustrates the details of
the distances. Here, the pier is made by using
wood material. Figure 1-a shows the sketch of
the composite structure, while Figure 1-b shows
the sketch of the whole hydraulic system, which
consists of the composite structure and the pier.

Table 2. Details of the pier with distance measured from the composite hydraulic structure

Circular Pier
Case Pier Shape Diameter Distance
Single pier Circular 2cm 20cm
Single pier Circular 2cm 30cm
Double pier circular 2cm 20cm,30cm
Single pier circular 3cm 20cm
Single pier circular 3cm 30cm
Double pier circular 3cm 20cm,30cm
Single pier circular 4cm 20cm
Single pier circular 4cm 30cm
Double pier circular 4cm 20cm,30cm
Square Pier
Case Pier Shape Diameter Distance
Single pier Square 2cm 20cm
Single pier Square 2cm 30cm
Double pier Square 2cm 20cm,30cm
Single pier Square 3cm 20cm
Single pier Square 3cm 30cm
Double pier Square 3cm 20cm,30cm
Single pier Square 4cm 20cm
Single pier Square 4cm 30cm
Double pier Square 4cm 20cm,30cm
RESULTS AND DISCUSSION and spacing. Figure 2 shows the discharge

A series of experiments were carried out using
various dimensions of the composite hydraulic
structure with varying pier diameters, shapes,
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coefficient of the composite model variation
with the ratio (D/H), where D refers to the
circular pier diameter and H refers to the
upstream water depth. The figure shows a
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comparative study based on two different flow
conditions. The first condition refers to the free
flow condition, which occurs without the
existence of the pier, while the second condition
refers to the submerged flow condition, which
occurs due to the existence of the pier.

A

hru/

Case(2)

Pier

Water Surface

Case(3)
Pier

Water Surface

(b)
Figure 1. a) The composite structure. b)
Composite structure and the Pier

The figure shows that the values of the discharge
coefficient in the free flow condition are always
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greater than the discharge coefficient of the
submerged flow condition. The trend in relation
between the discharge coefficient and the ratio
(D/H) for the submerged flow condition can be
considered dramatic owing to the alteration in the
pier cross section, spacing, and number of the
piers. The variation in the composite discharge
coefficient will be associated with the variation in
the flow velocity. The variation in the flow
velocity happens owing to the alteration in the
separation points of the water stream along the
circumference of the circular cylinder.
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Figure 2. The variation of discharge coefficient
with (D/H) ratio of circular pier and for
different models
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Figure 3 illustrates the variation of the ratio
(ha/H) against the ratio (D/H) for various cases
and configurations, where hd refers to the
average downstream  water depth. For
submerged flow conditions, it is obvious that
the ratio (ha/H) decreases slightly and then
increases slightly when the ratio (D/H)

Figure 4 illustrates the relationship between
the composite hydraulic structure's actual
discharge and the ratio (D/H). The
relationship is identical to the trend of the
relationship between discharge coefficient and
the ratio (D/H), which is shown in figure 2.
This happens owing to the direct proportion

increases, while for free flow conditions, by between actual discharge and discharge
increasing the ratio (D/H), the ratio (ha/H) coefficient.
remains constant. The figure shows that the
values of the submerged flow condition are
always greater than the values of the free flow 0,80
condition. Because of the existence of the pier 075
(obstacle), which confines the water and leads '
to increasing the water depth, this condition will | 5 0,70
be satisfied for the submerged flow condition. i bes / \
2 "
3 060 -
0,60 == Single 30
055 —ModelNo.5 %2> T""Model No. 5
0,50 -w e \\ithout
0,50 T T T |
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ey \\ithout 3 . . .
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D/H Figure 5 illustrates the comparison between
free flow and submerged flow for the
0,60 following relationships: relation between
0,55 Model No. 2 upstream Froude number and the ratio (D/H);
0,50 - downstream Froude number and the ratio
0.5 o Single 20 (D/H); also the relation between Reynolds
T o == Single 30 number and the ratio (D/H). In general, both
3 == Double the Froude number and the Reynolds number
035 —s=Without depend on flow velocity and flow depth. The
0,30 figure shows that the values of the free flow
0,25 condition are always greater than the values of
0,20 : : : . the submerged flow condition. The
02 03 0,4 05 06 | justification of this situation is associated with
D/H the existence of the pier (obstacle), which
leads to the rise in the water depth and

Figure 3. The variation of (ha/H) ratio with
(D/H) ratio of circular pier and for different
models
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decreases Froude number in the downstream
region, and this occurs due to the inverse
proportion between Froude number and the
flow depth. Also, the same behaviour appears
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for the Froude number in the upstream region.
In the upstream, the flow depth is very high,
and this leads to the low values for Froude
number. The interaction between weir flow
velocity and gate flow velocity has a greater
influence on the Reynolds number value
distribution than the interaction between flow
depth and flow velocity. All three
relationships are more influenced by the
overlapping between weir velocity and gate
velocity, pier diameter, and the spacing
between pier and composite structure. Based
on the Reynolds number, the flow is
considered turbulent. Also, based on the
Froude number at upstream, the flow type is
considered subcritical and the flow type at
downstream is changed from subcritical to
supercritical.

Figures 6, 7 and 8 review the relationship
between the ratio (ha/H) and the ratio (X/H),
where X refers to the distance along the
downstream of the flume, and this distance is
measured from the downstream of the
composite hydraulic structure. Figures 6 and 7
take into account the existence of single piers
and double piers, respectively, while Figure 8
is drawn for both single piers and double piers
for a constant ratio of (D/H =0.429). Figures
6, 7 and 8 comprise two different cases. These
cases are free flow and submerged flow. The
figures show that the values of the average
downstream water depth for the free flow are
always less than the corresponding values in
the case of the submerged flow. The nonlinear
water surface profile happens due to the
alteration in the water surface elevation
around the pier (obstacle), which affects the
stability of the water surface elevation along
the downstream region. The fluctuation in the
trend of the profile relies on pier diameter,
spacing, and interference between weir
velocity and gate velocity.
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Figure 5. Variation of upstream Froude
number, Downstream Froude number and
Reynold's number with (D/H) ratio of circular
pier and for model No. 5
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Figure 6. The relationship between (ha/H) ratio
and the ratio (X/H) for model No. 5, Single 20),
circular pier

0,60 -
0,55
0,50 -
0,45 -
0,40
0,35
0,30
0,25
0,20

Without

hd/H

0,0 1,0 20 30 40 50 60 7,0 80
X/H

Figure 7. The relationship between (ha/H) ratio
and the ratio (X/H) for model No. 8, double,
circular pier

Figure 9 shows the discharge coefficient of the
composite model variation with the ratio (D/H),
where D refers to the square pier diameter and H
refers to the upstream water depth. The figure
shows a comparative study based on two different
flow conditions. The first condition refers to the
free flow condition which occurs without the
existence of the pier, while the second condition
refers to the submerged flow condition which
occurs due to the existence of the pier. The figure
shows that the values of the discharge coefficient
in the free flow condition are always greater than
the discharge coefficient of the submerged flow
condition. The trend in relation between the
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discharge coefficient and the ratio (D/H) for the
submerged flow condition can be considered
dramatic owing to the alteration in the pier cross
section, spacing, and number of the piers. The
variation in the composite discharge coefficient
will be associated with the variation in the flow
velocity. For a single pier, the trend in the
relationship is considered identical owing to the
separation point of the fluid being considered
fixed along the circumference of the square pier.
As for the trend, it is starting to increase gradually
and drop dramatically. For the double piers, the
variation depends on the change in the flow
velocity between the front pier and the rear pier.
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=== Single 20
=@=Single 30

.

hd/H
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Figure 8. The relationship between (ha/H) ratio
and the ratio (X/H) for model No. 3,
D/H=0.429, circular pier
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Figure 9. The variation of discharge coefficient
with (D/H) ratio of square pier and for model
No. 5
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Figure 10 illustrates the variation of the ratio
(ha/H) against the ratio (D/H) for various
configurations of the pier arrangement, where hqd
refers to the average downstream water depth.
For submerged flow conditions, it is obvious
that the ratio (ha/H) decreases slightly when the
ratio (D/H) increases, while for free flow
conditions, by increasing the ratio (D/H), the
ratio (ha/H) remains constant. The figure shows
that the values of the submerged flow condition
are always greater than the values of the free
flow condition. Because of the existence of the
pier (obstacle), which confines the water and
leads to increasing the water depth, this
condition will be satisfied for the submerged
flow condition.

Figure 11 illustrates the comparison between
free flow and submerged flow for the following
relationships: relation between upstream Froude
number and the ratio (D/H); downstream Froude
number and the ratio (D/H); also the relation
between Reynolds number and the ratio (D/H).
In general, both the Froude number and the
Reynolds number depend on flow velocity and
flow depth.
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Figure 10. The variation of (ha/H) ratio with
(D/H) ratio of square pier and for model No. 5

The figure shows that the values of the free flow
condition are always greater than the values of
the submerged flow condition. The justification
of this situation is associated with the existence
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of the pier (obstacle), which leads to the rise in
the water depth and decreases Froude number in
the downstream region, and this occurs due to
the inverse proportion between Froude number
and the flow depth. Also, the same behaviour
appears for the Froude number in the upstream
region. In the upstream, the flow depth is very
high, and this leads to the low values for Froude
number. The interaction between weir flow
velocity and gate flow velocity has a greater
influence on the Reynolds number value
distribution than the interaction between flow
depth and flow velocity. All three relationships
are more influenced by the overlapping between
weir velocity and gate velocity, pier diameter,
and the spacing between pier and composite
structure. Based on the Reynolds number, the
flow is considered turbulent. Also, based on the
Froude number at upstream, the flow type is
considered subcritical and the flow type at
downstream is changed from subcritical to
supercritical.

Figures 12, 13 and 14 review the relationship
between the ratio (ha/H) and the ratio (X/H),
where X refers to the distance along the
downstream of the flume, and this distance is
measured from the downstream of the
composite hydraulic structure. Figures 12 and
13 take into account the existence of single
piers and double piers, respectively, while
Figure 14 is drawn for both single piers and
double piers for a constant ratio of (D/H =
0.571). Figures 12, 13 and 14 comprise two
different cases. These cases are free flow and
submerged flow. The figures show that the
values of the average downstream water depth
for the free flow are always less than the
corresponding values in the case of the
submerged flow. The nonlinear water surface
profile happens due to the alteration in the
water surface elevation around the pier
(obstacle), which affects the stability of the
water surface elevation along the downstream
region. The fluctuation in the trend of the
profile relies on pier diameter, spacing, and
interference between weir velocity and gate
velocity.
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Table 3 shows the maximum, minimum, and
average values of discharge coefficient; average
downstream water depth; upstream Froude
number; downstream Froude number; and
Reynolds number. Table 3 includes two
different shapes of pier. These shapes are the
circular pier and the square pier. Also, table 3
reviews the values for single pier and double
piers. From table 3, the following is obvious:
The existence of a single square pier with a
diameter of 20 cm leads to a higher discharge
coefficient, with little fluctuation in the average
value. But in the case of double piers, the
existence of the double circular piers leads to a
higher discharge coefficient as compared with
the existence of the double square piers. Also,
for a single circular pier with a 30 cm diameter
and a single square pier with a 30 cm diameter,
the variation in discharge coefficient values
appears clearly. For the average downstream
water depth, the existence of the square pier
leads to higher water depth as compared with
the existence of the circular pier regardless of

Rafi M. Qasim, Ihsan A. Abdulhussein, Muna A. Hameed

the pier numbers (single or double). A small
difference appeared in values of the Froude
number upstream regardless of the pier shapes
and numbers (single or double). The Froude
number downstream has a higher value with a
single circular pier with a diameter of 20 cm.
Also, Froude number has higher values with
double circular piers, but for a single square pier
with a diameter of 30 cm, Froude number has
higher values as compared with a single square
pier with a 20 cm diameter and double square
piers. In terms of Reynolds number, the
variation in values is obvious regardless of pier
shape and configuration (single or double).
Variation in all values will be produced by the
change in fluid separation zone; flow velocity
change from section to section; water depth
alteration from section to section; and the
change in momentum transfer due to the
existence of the pier (obstacle). Also, the table
indicates a comparative between two cases; the
first case deals with pier existence while the
second is without pier existence.

Table 3. Comparison between ferr and submerged output models parameters

Circular Square Case
e S0em | 30em | POUIe | e | Soa | Double | withou

Maximum | 0.892 0.892 0.926 0.897 0.838 0.781 0.859
Cd Minimum | 0.444 0.020 0.502 0.496 0.426 0.434 0.586
Average 0.630 0.630 0.641 0.602 0.593 0.601 0.750
Maximum | 4.500 4.683 4.400 4.617 4.617 4.633 3.500
?Cd;g Minimum | 2.783 2.967 3.067 3.167 3.283 3.333 0.850
Average 3.758 3.925 3.823 4.037 4.082 4.087 1.854
Maximum | 0.143 0.146 0.147 0.143 0.130 0.153 0.178
Frup Minimum | 0.066 0.003 0.073 0.064 0.068 0.082 0.094
Average 0.110 0.111 0.111 0.105 0.103 0.106 0.132
Maximum | 0.470 0.413 0.427 0.397 0.358 0.370 3.919
Frdown Minimum | 0.250 0.009 0.262 0.193 0.166 0.222 0.522
Average 0.352 0.332 0.351 0.303 0.290 0.300 1.483
Maximum | 10695 11257 | 11407 10959 9852 10870 10999
Rn Minimum | 3810 182 5289 3711 3953 4779 5467
Average 8125 8194 8313 7795 7571 7830 9597
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CONCLUSION

In

the current study, flow over weir and under

gates with and without single pier or double

piers

has been studied experimentally.

Depending on the experimental results of the
current investigation, the following conclusions
can be found:

1-

The water flow separation zone along the
circumference of the pier has a major effect
on the hydraulic characteristics, especially
the flow velocity.

The interaction between gate flow velocity
and weir flow velocity produces a variation
in the hydraulic characteristics of the
composite structure.

The pier shape and spacing have a direct
effect on the control of the hydraulic
behavior of the composite hydraulic
structure.

The change in water depth, flow velocity,
and momentum transfer will have an effect
directly on the hydraulic characteristics of
the composite structure.

Actual discharge and discharge coefficient
have the same trend regardless of the
presence of the pier/piers.

The Reynolds number and Froude number
are more sensitive to the existence of the
pier/piers.

The hydraulic characteristics of the
composite structure under the action of the
pier/piers are not similar to the hydraulic
characteristics without the pier/piers.

REFERENCES

l.

Hayawi, H.A.M., Yahia, A.A.G., Hayawi,
G.AM. Free combined flow over a
triangular weir and under rectangular gate.
Damascus Univ. Journal. 2008. 24 (1).

Hayawi, H.A.M., Hayawi, G.A.M.,,
Alniami, A.A.G. Coefficient of discharge
for a combined hydraulic measuring device.
Al-Rafidain  Engineering. 2009. 17(6).
http://dx.doi.org/10.33899/rengj.2009.43616.

Volume 20, Issue 2, 2024

10.

11.

Jalil, A.S., Sarhan, A.S. Experimental
study of combined oblique weir and gate
structure. ARPN Journal of Engineering
and Applied Sciences. 2013. 8(4).

Khassaf, S.I., Yost, S.A., Abbas, H.A.
Coefficient of discharge for a compound
weir with semicircular gate. International
Journal of Advance Research. IJOAR.org.
2013. 1( Issue 9).

Khassaf, S.I., Abbas, H.A. Study the free
flow over compound weir and below semi
circular gate. International Journal of
Scientific & Engineering Research. 2013.
4( Issue 10).

Al-Suhili, R.H., Shwana, A.J. Prediction
of the discharge coefficient for a cipolletti
weir with rectangular bottom opening. Int.
Journal of Engineering Research and
Applications. 2014. 4(Issue 1). (Version 4),
80-89.

Khassaf, S.I., Habeeb, M. Experimental
investigation for flow through combined
trapezoidal weir and rectangular gate.
International Journal of Scientific &
Engineering Research. 2014. 5(Issue 4).
Sarhan, S.A., Jalil, S.A. Analysis of
simulation outputs for the mutual effect of
flow in weir and gate system. Journal of
Babylon University/Engineering Sciences.
2018. 26(6).

Qasim, R.M., Abdulhussein, I.A., AL-
Asadi, K. Experimental study of composite
inclined weir — gate hydraulic structure.
WSEAS TRANSACTIONS on FLUID

MECHANICS, 2020. 15. DOI:
10.37394/232013.2020.15.5
Qasim, R.M., Abdulhussein, ILA.,

Mohammed, A.A., Maatooq, Q.A. The
effect of the obstacle on the hydraulic

response of the composite hydraulic
structure. INCAS BULLETIN. 2020.
12(Issue  3). 159 - 172. DOL

10.13111/2066-8201.2020.12.3.13

Qasim, R.M. Abdulhussein, I.A., AL-
Asadi, K. The effect of barrier on the
hydraulic response of composite weir-gate
structure. Archives of Civil Engineering.

57



12.

13.

14.

15.

2020. 66 (Issue 4).
10.24425/ace.2020.135211
Qasim, R.M., Mohammed, A.A.,
Abdulhussein, I1.A., Maatooq, Q.A.
Experimental invistigation of multi obsticales
impact on weir-gate discharge structure.
International Journal of Mechatronics and
Applied Mechanics. 2021. Issue 9.
dx.doi.org/10.17683/ijjomam/issue9.11
Streeter, V.L., Wylie, E.B. Fluid
mechanics, First SI Metric Edition, Copy
right©. 1983.

Negm, A.M., AL- Brahim, M., ALHamid,
A.A. Combined-free flow over weirs and
below gates. J. Hydraul. Res. 2002. 40. 1-7.
Fox, R.W., McDonald, A.T. Introduction
to fluid mechanics. Fourth Edition. SI
version Copyright © John Wiley and Sons,
Inc. 1994.

DOI:

CIIMCOK JIMTEPATYPbI

1.

58

Hayawi, H.A.M., Yahia, A.A.G., Hayawi,
G.AM. Free combined flow over a
triangular weir and under rectangular gate.
Damascus Univ. Journal. 2008. 24 (1).
Hayawi, H.A.M., Hayawi, G.A.M.,,
Alniami, A.A.G. Coefficient of discharge
for a combined hydraulic measuring device.
Al-Rafidain Engineering. 2009. 17(6).
http://dx.doi.org/10.33899/rengj.2009.43616.
Jalil, A.S., Sarhan, A.S. Experimental
study of combined oblique weir and gate
structure. ARPN Journal of Engineering
and Applied Sciences. 2013. §(4).

Khassaf, S.I., Yost, S.A., Abbas, H.A.
Coefficient of discharge for a compound
weir with semicircular gate. International
Journal of Advance Research. IJOAR.org.
2013. 1 (Issue 9).

Khassaf, S.I., Abbas, H.A. Study the free
flow over compound weir and below semi
circular gate. International Journal of
Scientific & Engineering Research. 2013. 4
(Issue 10).

Rafi M. Qasim, Thsan A. Abdulhussein, Muna A. Hameed

10.

11.

12.

13.

Al-Suhili, R.H., Shwana, A.J. Prediction
of the discharge coefficient for a cipolletti
weir with rectangular bottom opening. Int.
Journal of Engineering Research and
Applications. 2014. 4 (Issue 1). (Version 4),
80-89.

Khassaf, S.I., Habeeb, M. Experimental
investigation for flow through combined
trapezoidal weir and rectangular gate.
International Journal of Scientific &
Engineering Research. 2014. 5(Issue 4).
Sarhan, S.A., Jalil, S.A. Analysis of
simulation outputs for the mutual effect of
flow in weir and gate system. Journal of
Babylon University/Engineering Sciences.
2018. 26(6).

Qasim, R.M. Abdulhussein, I.A., AL-
Asadi, K. Experimental study of composite
inclined weir — gate hydraulic structure.
WSEAS TRANSACTIONS on FLUID
MECHANICS, 2020. 15.DOL:
10.37394/232013.2020.15.5

Qasim, R.M. Abdulhussein, LA.,
Mohammed, A.A., Maatooq, Q.A. The
effect of the obstacle on the hydraulic
response of the composite hydraulic
structure. INCAS BULLETIN. 2020. 12
(Issue 3). 159 — 172. DOI: 10.13111/2066-
8201.2020.12.3.13

Qasim, R.M. Abdulhussein, I.A., AL-
Asadi, K. The effect of barrier on the
hydraulic response of composite weir-gate
structure. Archives of Civil Engineering.

2020. 66 (Issue 4). DOI:
10.24425/ace.2020.135211

Qasim, R.M.,, Mohammed, AA.,
Abdulhussein, L.A., Maatooq, Q.A.

Experimental invistigation of multi obsticales
impact on weir-gate discharge structure.
International Journal of Mechatronics and
Applied Mechanics. 2021. Issue 9.
dx.doi.org/10.17683/ijomam/issue9.11
Streeter, V.L., Wylie, E.B. Fluid
mechanics, First SI Metric Edition, Copy
right©. 1983.

International Journal for Computational Civil and Structural Engineering



Hydraulic Analysis of Composite Hydraulic Structure Considering Existing of Pier

14. Negm, A.M., AL- Brahim, M., ALHamid,
A.A. Combined-free flow over weirs and
below gates. J. Hydraul. Res. 2002. 40. 1-7.

15. Fox, R.W., McDonald, A.T. Introduction
to fluid mechanics. Fourth Edition. SI

version Copyright © John Wiley and Sons,
Inc. 1994.

Rafi Mohammed Qasim, Assistant Professor at Energy
and Fuel Engineering Department, Southern
Technical University (Basrah, Iraq). His research
interests are in the application of hydraulic structure,
flow on an open channel, flow around obstacles, soil
and foundation engineering. Phone: +9647814154013,
e-mail: rafi.mohammed@stu.edu. iq, ORCID:
https://orcid.org/0000-0002-1882-0766.

Thsan Abdulkareem Abdulhussein* Professor of Civil
Engineering - Hydraulic Structures at Environment and
Pollution Engineering Department, Southern Technical
University (Basrah, Iraq). He is also a member of
particular promotion committee at Basrah Engineering
Technical College (Basrah, Iraq) and teaches
environmental statistics and wastewater pollution control.
His research interests are in the area of seepage under
hydraulic structures, composite structures, scour around
pile and abutment, seepage through ecarth dams,
optimization, uncertainty, and statistical analysis.
Phone:+9647801151917, e-mail: drengihssan@stu.edu.iq,
ORCID: https://orcid.org/0000-0002-0281-0870

*Corresponding Author drengihssan@stu.edu.iq

Muna A. Hameed, Assistant Lecturer at Survey
Department, Technical Institute of Basrah, Southern
Technical University. She teaches Engineering Surveying
and Mathematics Applications. Her research interests are
in composite structures and flow on an open channel.
Phone: +9647801234202, e-mail: mona.hameed@stu.edu.iq,
ORCID: https.//orcid.org/0000-0001-9904-406.X.

Volume 20, Issue 2, 2024

Pagu Moxammeo Kacum, noueHT Kadenpbl SJHEPTETUKU U
TOIUIMBHOM  WHXeHepun  FOKHOrO  TEeXHMYECKOTO
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TPaXXTAHCKOTO  CTPOMTENbCTBA —  THAPOTEXHUUECKUE
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okpy:xatorrei cpepl KOJKHOro TEXHHUECKOro YHUBEpCHUTeTa
(Bacpa, Hpak). OH Taxke sIBISICTCS WICHOM CIEIHaIbHOTO
KOMHUTETa TI0 MPOJBIKECHUIO B VHKEHEPHO-TEXHUYECKOM
kosemxke bacpel (bacpa, Mpak) n mperogaer cTaTUCTHKY
OKpY>KalOIeH CpeAbl W KOHTPOJIb 3arpsi3HEHHUS CTOYHBIX
BoA. Ero Hay4Hble HHTEpeCH JIeKaT B 00J1acTH (puiIbTpanin
MO TUIPOTEXHUYECKUMHU COOPY)KCHHSMH, COCTAaBHBIMU
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gepes 3EMIISTHBIC J1aMOBl, OTITHMHU3AIIHEH,
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