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Introduction

Analysis of Bed Variation around Bandal-like Structures
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and Hao ZHANG

Synopsis

The present investigation is focused on river bed variation caused by flow
patterns around Bandal-like structure in channels. This type of structure have been used
from the past in the Indian Sub-Continent to protect the river bank from erosion and to
maintain the navigational conditions in alluvial rivers as the Jamuna river in Bangladesh.
Few laboratory studies and field observations using Bandal-like structures was realized
to verify the real applicability of them as an alternative structure over conventional river
training structures as groins (impermeable and permeable ones). To clarify the
effectiveness of Bandals in river morphology, detailed investigation about the complex
flow structures and sediment transport mechanism influenced by Bandal-like structures
was realized. Laboratory experiments were conducted in a straight flume with two
structures positioned on one side of channel to the measurements of the velocity field
and bed level near the structures under live-bed scour condition. A morphological model
based on unstructured meshes was developed to simulate the flow patterns and bed
variation around these structures. The experimental and numerical results of flow
distributions and bed level variation around each type of structure were analyzed. The
Bandal-like structure shows promising results as the reduction of local scour around
them and deposition of sediment at downstream of Bandals in comparison with the
conventional structures as groins.
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In river engineering works, hydraulic structures
as groins are widely used for such purposes as river
training, stream bank protection, and rectifying
navigable rivers (Copeland, 1983; Carling et al.,
1996; Shields et al., 2003). Nowadays, due to the
increasing on demand of structures which provide
the above functions and can be adaptive within
local socio-economic condition and would be
environmentally compatible solution as well
(Shields et al., 2003) an alternative type of such
structures  called Bandal-like structure are
investigated.

Bandals are one of the local structures developed

in the Indian Sub-continent to improve or maintain
the flows depth for navigation during low flow
season. The main characteristics of Bandal-like
structures are that they obstruct the high velocity
flow near the water surface through the upper
blocked portion (plate) conducting it to the main
channel and allow the reduced velocity flow to pass
near the riverbed (lower opened portion). This flow
condition added to the fact that the transported
sediment is composed by bed load and suspended
load, which has higher concentration near the bed,
contributes to increase the deposited sediment
amount at downstream of Bandals near the
riverbank in alluvial rivers. They usually are
oriented at an angle with the main flow direction
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(40° and provide indirect protection by diverting
potentially erosive currents away from the
riverbank and by guiding the flow in a desired
channel course. These are made of naturally
available materials such as bamboo and wood
pieces (Fig.1) that are regarded as inexpensive
method  over  conventional  structures  as
impermeable groins.

In the literature, the investigations related to
groins (or spur-dikes) have been presented by many
researchers as Garde et al. (1961), Gill (1972),
Rajaratnam and Nwachukwu (1983), Kuhnle et al.
(1999), Melville and Coleman (2000), Kothyari and
Ranga Raju (2001), Uijttewaal (2005), and Dey and
Barbhuiya (2006). However, the main focus of most
of studies has been on impermeable groins and
studies related to different types of structures as
permeable groins are very few (Mioduszewski et
al., 2003; Nasrollahi et al., 2008; Zhang and
Nakagawa, 2009).

In the Bandal-like structures case, few laboratory
experiments (Rahman et al., 2004, 2006) and field
observations (Sharmin et al., 2007) appear to have
been conducted to investigate the overall bed
configuration, including the scoured area and the
deposition of the sediment around the Bandals.
Rahman et al. (2004) developed an analytical
formula to predict the local scour around the
structures including the degradation of the main
channel. In this study, the basic features of Bandals
in terms of flow and sediment control were clarified
under clear-water scour condition. However, they
pointed out the necessity of more investigations
with different Bandal spacing, alignment to the
main flow and experiments under live-bed scour
condition.

Fig.1 Bandal-like structures in Jamuna River (Pilot
project, Bangladesh) — January 2010.

The flow field around a structure like Bandals is
characterized by a complex 3D flow with the
formation of downward flow and horseshoe vortex
due to the effect of upper half plate at upstream and
reduced velocity of flow passing through the
structure at downstream (Fig.2). Moreover, the
complexity of flow increases with the development
of the scour hole.
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Fig.2 Flow structures around Bandal-likes structuture

To reproduce this kind of flow structures,
numerical models have been widely applied to
problems in hydraulic engineering. River modeling
applications can be grouped into 1D, 2D and 3D
models. 1D numerical model is very useful in
practice, however its simulations results provide
limited technical details. Though 2D models have
been developed and used to solve the sediment
problems in alluvial rivers. Whereas the area near
the hydraulic structures has 3D effects on water
flow and sediment motion, which are too complex
for 2D models, 3D models for sediment transport in
turbulent flows have become one of the most
studied subjects in the field of river dynamics.

In comparison with 2D models, there are fewer
applications of 3D models. Some recent works are:
Wang and Adeff (1986) established a 3D
mathematical model of river sediments by use of
the finite element method; van Rijn (1987) using a
combined mode, calculated the water flow by a 2D
depth-averaged water model, and calculated the
distribution of velocity along the water depth by a
logarithmic velocity distribution equation, and
further developed a combined 3D mathematical
model; Shimizu et al. (1990) calculated water flows
and bed deformation of meandering channels by
using 3D sediment mathematical models; Wang and
Jia (1995) developed a 3D sediment mathematical
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model for simulating water flow, sediment motion
and morphological change of alluvial rivers,
especially local scour near a bridge pier; Wu et al.
(2000) proposed a 3D mathematical model for total
sediment based on Reynolds equations and k-&
turbulence model. Nagata et al. (2005) and Onda et
al. (2007) developed a 3D numerical model using a
non-linear k-& model to predict the 3D flow patterns
around hydraulics structures with reasonable
accuracy in the simulation results.

In this study, the mechanism which affects the
complex flow structures and bed variation around
Bandal-like structures was investigated through the
laboratory experiments and numerical model
simulations. The experimental procedure was
conducted in a straight flume with movable bed
using two hydraulic structures (Bandal-like
structure and groins) under non-submerged
condition. The results from the experiments and
numerical simulations were compared to verify the
applicability of numerical model to reproduce the
morphological changes around the Bandals. The
information obtained from this analysis is very
important for the correct design of Bandal-like
structures in field applications (Fig.3).

Fig.3 Application of Bandal-like structures on river bank

protection in Jamuna river — Pilot project (January,
2010).

2. Numerical modeling

2.1. Hydrodynamic Model
1) Governing equations

The governing equations used in the numerical
model are those of the 3D RANS
(Reynolds-averaged Navier-Stokes) equations. The
momentum and continuity equations expressed in a
Cartesian coordinate system with the tensor

notation read

‘ . 2. or.
Y +U, o =F, _iop,, o 19h ()
ot ou; P OX; OX;0X; p OX
M _g )
OX

here u; is the time-averaged velocity components
(i=1, 2, 3); x; is the Cartesian coordinate
component; p is the density of the fluid; F; is the

body force; p is the time-averaged pressure; v is the
molecular kinematic viscosity of the fluid;

fl_j:_pu;_u'j are the Reynolds stress tensors, and
u; is the fluctuating velocity component. The k-
model is used for the turbulence closure. The

Reynolds tensors are acquired through the linear
constitutive equation.

®3)

where k is the turbulence kinetic energy; &; is the
Kronecker delta; v; is the eddy viscosity and Sj; is
the strain-rate tensor and ¢ is the dissipation rate of
the turbulence Kkinetic energy k. The model
constants are used as suggested by Rodi (1980).
C,=009,C, =1.44,C,, =1.92,0, =1.0,0, =1.3 (4)

—uu; =21S; _§k5ij

2) Numerical procedure

The present model uses a control volume-based
method (Launder and Spalding, 1973; Patankar,
1980) to convert the differential conservation
equations to algebraic equations that can be solved
numerically. The method consists of integrating the
differential equations about each control volume,
yielding a finite volume equation that conserves
each quantity on a control volume basis (Jameson et
al., 1981). Collocated grid storage is used to define
the discrete control volumes. To calculate the
derivatives of the flow variables the power-law
interpolation scheme is used (Patankar, 1980). The
set of simultaneous algebraic equations is solved by
a semi-implicit iterative scheme which starts from
an arbitrary initial solution and converges to the
correct solution doing several iterations. More
detailed information about the numerical schemes,
discretization methods, solution methods, equation
solvers and the convergence criteria is given by
Zhang et al. (2006).

3) Boundary conditions
Free surface: In the model, the water surface was
considered as a rigid lid and defined as a plane of
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symmetry. Symmetry implies that the normal
velocity and the normal gradients of all variables
are zero at the plane of symmetry.

Inlet: The definition of an inlet requires the values
of the velocity vectors and turbulence properties.
The inlet boundary is considered as a Dirichlet
boundary and all the quantities are prescribed. In
the pressure-correction equation, as the velocity
field is given, the velocity correction is zero. And
the Neumann boundary of zero gradients is used for
the pressure.

Outlet: The outlet boundary has been set far from
the structures area, a Neumann boundary with zero
gradients is assumed here.

Impermeable wall: To estimate the effect of the
wall on the turbulent flow, the wall function
approach is adopted near impermeable boundaries,
in which the piles (permeable groins) and
Bandal-like structures (upper bended plate and
lower permeable opening) is expressed with some
fine meshes in the simulation.

4) Solution procedure

A usual procedure to judge solution convergence
is to use a residual definition. The definition
implies that convergence is reached when the
normalized changes in variables between
successive iterations are equal to or less than a
certain limit. The algebraic equation systems are
solved in an implicit decoupled way. Considering
the sparseness and non-symmetry of the coefficient
matrices, Krylov subspace iterative methods are
preferred. The Bi-CGSTAB (Bi-Conjugate Gradient
Stabilized) algorithm suggested by Sleijpen and
Fokkema (1993) is employed in the model. For the
pressure-velocity coupling the SIMPLE
(Semi-Implicit  Method for  Pressure-Linked
Equations) procedure was used. A comprehensive
review of this algorithm is given by Versteeg and
Malalasekera (1995).

The computational meshes used during the
simulations are showed in Fig.4. To obtain a
converged solution for 6 hours calculation on
movable bed condition for each case, 2 weeks of
computations were necessary on a powerful

processor PC. In further study, an improvement
using parallel computation, for example, should be
implemented in the model to have reasonable
results.

2.2 Sediment Transport Model

The sediment transport in open-channels is
governed by the sediment mass-balance equation
integrated over the water depth h, described below.

T A G IS W
ot OX oy

where zy is the local bed level above datum; A is the
porosity of the bed material and qgry, g7 are the
components of the total-load sediment transport in
the x and y directions, respectively, E is the upward
near-bed flux and D is the downward near-bed flux.
For calculating the sediment transport rate, it is
subdivided into bed load and suspended load.

1) Bed load transport
The bed load transport is calculated by using the
Ashida-Michiue’s empirical formula.

% 17rje (1— J[l e J (6)
(s—1)gd° u- A

where qy is the bed load; s is the specific gravity of
sediment; d is the diameter of sediment; =, z, o
are the dimensionless shear stress, critical shear
stress and effective shear stress, respectively; U=, Us.
are friction velocity and critical friction velocity,
respectively. In the Bandals simulations, the
deformed bed from the experimental results was
used as a fixed bed during the flow calculations.

2) Suspended load transport
For suspended load transport calculation, the
convection-diffusion equation is used (van Rijn,
1987)
oc v, OC
E+ai[(u w5 ]= [ J (7)

o, OX;

here c is the local sediment concentration, ws is the
sediment settling velocity, dj; is the Kronecker delta
(j=3 indicating the vertical direction), o is the
turbulent Schmidt number relating the turbulent
diffusivity of sediment to the eddy viscosity .

The near-bed fluxes appear as source terms and
need to be evaluated. These are treated here as two
separated processes; however in real conditions it is
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generated by the simultaneous deposition and
erosion process.
The deposition flux is calculated from

D=w,C, (8)
where w; is the sediment settling velocity and C, is
the ambient concentration near the bed. The
near-bed equilibrium concentration at a reference
level (C,) is calculated by the deterministic
expression of van Rijn (1987). For the erosion rate,
it is generally assumed to be the one under
equilibrium condition, which is

E=wC, 9)

here, C. is the equilibrium concentration near the
bed. The boundary conditions for the equation (7)
are specified as follows. An equilibrium sediment
concentration profile is given at the upstream inlet
boundary. The concentration at the center of the cell
closest to the bed (C) is computed from C, with the
aid of the Rouse (1937) equation.
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Fig.4a Grid of computed area for impermeable groins
with details of groins field
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Fig.4c Grid of computed area for Bandal-like structures
with details of Bandals field

In the outlet boundary at downstream, the
gradient of the sediment concentration is assumed
to be zero.

3. Laboratory experiments

3.1 Experimental set-up

The laboratory experiments were carried out at
Ujigawa Open Laboratory, DPRI, Kyoto University,
in a straight flume with 10m-long, 0.80m-wide and
0.28m-deep (0.45m-deep in the test region). The
detailed sketch of the experimental set-up is shown
in Fig.5. The channel slope was adjusted to be
1/800 m/m. The structures having a streamwise
length (L) of 0.15m was embedded in a coal
(powdered anthracite with d5=0.835mm and
ps=1410kg/m°®) recess with 9.0m long, 0.80m wide
and 0.10m deep (0.27m deep in the test region).
The structures were fixed to the left side of the
flume according to the Fig.5.

The coal recess is located from 2.0m downstream
of the flume inlet to 1.0m upstream of flume outlet.
A false floor made by wood with an elevation of
0.10m from the flume bottom and 1.0m long was
fixed at the upstream end to reduce the disturbances
caused in the water surface by the inlet discharge. A
calibrated V-notch weir with a vernier point gauge
fitted at the inlet of the flume was used to measure
and control the inflow discharge. The water depth
in the flume was adjusted by a steel tailgate located
at the downstream end.
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Fig.6 Detail of Bandal-like structure (top view: top-right side; front view: bottom-right side; side view: middle;

position in the flume: left side)

Table 1 — Details of hydraulic conditions

Type of groin* | P | BS
Cases 1 2 3
Submergence Non-submerged
Discharge Q (I/s) 7.76
Mean velocity u (cm/s) 24.25
Flow depth h (cm) 4.00
Shear velocity u« (cm/s) 2.22
Shear velocity ratio Us / Ux 1.91
U | Wy 0.573
Reynolds number, Re 7,406
Froude number, Fr 0.387
*| — Impermeable groin; P — Permeable groin; BS -

Bandal-like structure

3.2 Experimental procedure

The hydraulic conditions adopted for the
experiments are given in Table 1. Initially, the
flume was slowly filled up with water by a small
plastic pipe from the downstream end. Once the
required water depth is reached, the correct
discharge is adjusted and the experiment is started
under live-bed scour condition.

The experiment was running for a period of 6
hours which is the required time to achieve the
dynamic equilibrium condition accordingly to the

previous test cases. After the dynamics equilibrium
condition was attained the flow discharge was
reduced gradually to prevent undesirable movement
of the bed material and then stopped to the bed
deformation measurements. In order to determine
the final bed deformation contour, the remaining
water was carefully drained out from the flume and
the bed levels at different cross-sections were
measured using a laser displacement sensor.

For the velocity measurements an instant cement
powder was spread uniformly over the scoured bed
to fix it. The sediment sufficiently impregnated
with the cement powder was left to dry for a period
of 24 h. Having dried further up to 24h, the scoured
bed profile became rock hard, facilitating the flow
velocity measurements. The described complex
three-dimensional  velocity components were
measured by using electromagnetic current meters
(Model: ACM250-A, Alec Electronics Co., LTD).
The current meter comprised one probe with
I-shape to measure the wvelocity in horizontal
direction (plane X-Y) and another probe with
L-shape to measure the velocity in the vertical
direction (planes X-Z or Y-Z), connected to an
analogical/digital signal converter. The probe (I or
L shapes) are positioned into the water and fixed by
a vernier point gauge to determine the velocity on
the desired position and then connected to a
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notebook through a data logger card to store the
measured data. The water surface velocity
measurements was realized using the PIV technique
(Fujita et al., 1998) through the acquisition of flow
pattern images using a video camera and PVC
powder as a tracer.

The X-axis starts from the beginning of the test
region (movable bed), the Y-axis from the right side
wall of the flume and the Z-axis from the initial
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flat-bed level (Fig.5). The impermeable groins were
made of wooden cuboids with 1.5cm thickness,
while the permeable groins were made with a series
of steel round sticks with a diameter equal to
0.6cm-each and designed to have a permeability of
50%. The Bandal-like structures are made using the
permeable groins configuration and blocking the
upper half part with a steel plate to represent the
bended plate (see Fig.6).
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4. Results and Discussions

4.1 Flow field around structures

The characteristics of each type of structure were
analyzed through the influence on flow patterns in a
straight flume. Also the applicability of numerical
model was verified through the comparison
between the measured flow during the laboratory
experiments and the calculated flow fields. The
velocity vectors at water surface around those
different types of structures in horizontal plane are
shown in Figs. 7, 8, and 9. The approaching flow at
the upstream groin in Case 1 (Figs. 7a and 7b) is
obstructed by the impermeable groin, therefore this
flow towards to the main channel direction creating
a mixing zone in front of the groin head. The flow
travels to downstream creating a recirculation zone
in the region between the groins and also at
downstream of both groins near the bank.

In comparison  with  the  experimental
measurements, the simulated results of flow field
are quite similar around the structures. Due to the
refinement of the mesh used in the calculations, the
recirculation flow is clearly observed in the region
between the two groins. The flow separation at
upstream groin head is stronger in the experiments
due to the tracers (PVC powder) used during the
PIV  measurements concentrate near the
impermeable groin and it is transported as a
“block” by the flow. This PVC “block” towards to
the main channel in this concentrated form (Fig.10)
giving the impression that the separation is stronger

than the real. .
Impermeable groins

Fig.10 Visualization of flow at water surface using
tracers (PVC powder) with impermeable groins.

The permeable groins (Figs. 8a and 8b) show

that the flow direction is not greatly changed
resulting practically parallel to the channel
direction. It is quite different compared to the
impermeable groins case. The flow direction
towards to the main channel at groins head in both
experimental and simulation results, however with
small intensity due to the groins permeability
(Fig.11).

Fig.11 Visualization of flow at water surface using
tracers (PVC powder) with permeable groins.

At the downstream of the upstream groin,
reduction of velocity occurs near the bank and after
the flow passing the downstream groin the
reduction of velocity becomes more significant.
This reduction is important to the riverbank
protection and can contribute to the sediment
deposition near the groins field.

Observing the case of Bandal-like structures, it is
possible to observe differences of flow patterns
especially in the area between the two structures
due to the passage of flow through the lower
opening of bandal (Fig.12).
Bandal-like structures

O PR 2

Fig.12 Visualization of flow at water surface using
tracers (PVC powder) with Bandal-like structures.

In Figs. 9a and 9b, it can be seen that the flow
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after passing the upstream structure towards to the
main channel direction, which prevents the
formation of recirculation currents over there. Also
a reduction of velocity magnitude occurs due to the
flow separation caused by the upper half bended
plate which towards the flow near the surface to the
main channel direction.

To better understand the complex 3D flow
structures around the structures in Figs. 13, 14, 15,
and 16, the velocity field at representative sections
in vertical plane (cross-section/Y-Z plane and
longitudinal-section/X-Z plane) were measured.
The described sections are positioned at x=62.0cm
(cross-section), just 2.25cm upstream of the
upstream  structure  face and  y=72.0cm
(longitudinal-section) in the middle part of the
structures (length=15.0cm).

In comparison with impermeable groins (Case 1),
the Bandal-like structures (Case 3) shows similar
flow patterns near the water surface due to the
effect of upper half plate, i.e. the formation of
downward flow caused by the blockage of flow and
the vortex at upstream of Bandal. However, the
flow structures at lower half portion (permeable
region) show a reduction of velocity due to the

z (cm) —— 15cmis

presence of piles and an upward flow at
downstream which causes disturbance of flow near
the surface. This flow avoids the formation of
recirculation flow which can be seen in the
impermeable groins case.

The described downward flow in the Bandals
case is weaker than the impermeable groins and it’s
directed to the main channel due to the effect of the
upper Bandal plate. In the simulation results similar
flow patterns including the vertical vortices formed
near the upstream structure caused by the
downward flow can be seen (Figs. 12a and 12b).
This feature is an important characteristic of
Bandal-like structure that will be discussed in
details during the analysis of bed deformation. The
longitudinal-section (Fig. 13) shows clearly the
formation of downward flow at upstream of both
Bandal-like structures which induces the formation
of vertical vortex at upstream of Bandals. At the
downstream of each structure, the flow passing
through the lower permeable part with reduced
velocity show similar vertical vortex with small
magnitude which avoids the formation of
in impermeable

recirculation currents observed
groins case at the same point.

——y S
PR

Fig.13a Transverse cross-section velocity vectors
mm)(v,w) at x=62.0cm — Case 1 (experiment)

5

80
y (cm)

80
y (cm)
Fig.13b  Transverse cross-section velocity
vectors (v,w) at x=62.0cm — Case 1 (simulation)

z (cm)

o |EEEEEETT T E
5
104
-15

. .
: (PSRN
|§SBRECRESH -

T T T T T T T T
0 10 20 30 40 50 60 70 80 90

Fig.14a Longitudinal-section velocity vectors
(u,w) at y=72.0cm — Case 1 (experiment)

Tcm/s

T T T T T
100 110 120 130 140 150
x (cm)

N PPN
b /:‘:;AAA/'/”““"““““”,

o

5
-104

-1!

T T T T T T
90 100 110 120 130 140 150
x (cm)

T T T
10 20 70 80

Fig.14b Longitudinal-section velocity vectors
(u,w) at y=72.0cm — Case 1 (simulation)

it
iy

e
I 11
(i
Al
%
=

i 0 10 20 30 40 50 60 70 80
Fig.15a Transverse cross-section velocity vectors
(v,w) at x=62.0cm — Case 3 (experiment)

—» 20 cm/s

2 (em)

I |
50 60 70 80 90 100 110 120
x (cm)

Fig.16a Longitudinal-section velocity vectors
(u,w) at y=72.0cm — Case 3 (experiment)

B jum
o
o
o
3
-
o
™
23

10 20 30
¥ (cm)

Fig.15b Transverse cross-section velocity vectors
(v,w) at x=62.0cm — Case 3 (simulation)

Fig.16b Longitudinal-section velocity vectors
(u,w) at y=72.0cm — Case 3 (simulation)

— 505 —



4.2 Bed deformation

The sediment transport process is affected
directly by the flow patterns around the structures
described in the previous subsection. The
comparisons between the experimental and
simulated results of bed level contours at
equilibrium condition in Cases 1, 2 and 3 are shown
in details on Figs.17, 18 and 19.

The widely used impermeable groins (Case 1)
showed similar results verified by Rajaratnam and
Nwachukwu (1983b) and Melville (1992) with huge
erosion at upstream of structure, especially near the
groin head. The previously described formation of
downward flux due to the blockage of flow by the
impermeable groin is the main reason for the
deepest erosion at upstream of structure. Also, the
horse shoe vortex can be seen in this region which
contributes to accelerate the erosion over there. The
effect of these flow structures can also be verified
in the simulated results showed in Figs. 17b and
17c. The area of simulated scour holes resulted
smaller than that the experimental ones, however
the scour depth were slight deeper.
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Fig.17b Bed level contour - Impermeable groins
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Fig.17c Bed level contour - Impermeable groins
(simulation with bed-load and suspended load
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These differences are caused by the estimation of

the magnitude of flow wvelocity and the
insufficiency in linking the flow and sediment
transport near the bed, especially around the
structures. However, the main features of bed
deformation are reproduced with acceptable results
in the calculations.

In Case 3 with the Bandal-like structures, the
upper bended plate towards the near surface flow
with high velocities to the main channel and the
flow passing through the lower part (piles)
minimize the effects of the downward flux. The
same effect is observed in the permeable groins
(Case 2), in which the resulted erosion is very small
than the other cases in both experiment and
simulation (Figs. 18a, 18b and 18c) due to the
weak effect to reduce the flow velocity in
comparison with the Bandal-like structure case.
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Fig.18a Bed level contour - Permeable groins
(experiment)
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Fig.18b Bed level contour - Permeable groins
(simulation with bed-load transport)
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Fig.18c Bed level contour - Permeable groins
(simulation with bed-load and suspended load
transport)

The flow separation that can be seen very clearly
in Case 1 (Fig. 7) is responsible for the formation
of recirculation currents in the region between the
groins causing the erosion near the riverbank
observed in Figs. 17a, 17b and 17c. At downstream
of impermeable groins, the return currents with low
velocities formed near the bank side cause the
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deposition of sediment that is clearly verified in
Fig.17.

80 - "
ET|®

60 [~ ——
a0 o
-

20 =

o | | iy | | |

-50 0 50 100 150 200 250

Fig.19a Bed level contour — Bandal-like structures
(experiment)

80 ,
1 e
. - ]

60 |
Eao
=

20 —

0 | | | | | |

-50 0 50 100 150 200 250

x (cm)

Fig.19b Bed level contour — Bandal-like structures
(simulation with bed-load transport)
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Fig.19c Bed level contour — Bandal-like structures
(simulation with bed-load and suspended load
transport)

Similar flow separation occurs in the Bandal-like
structures (Figs. 19a, 19b and 19c). However, due
to the effect of flow passing through the lower
permeable part at downstream of structure, the
recirculation currents are avoided which can
reduces the occurrence of erosion at river bank.
Other experimental studies considering the effect of
riverbank or field investigations needed to be done
to verify the applicability of Bandals as a riverbank
protection measure.

The deposition process around the Bandal-like
structure shows promising results in comparison
with other types of structures. In the region between
and at downstream of structures due to the
reduction of flow velocity passing through the
lower opening (piles) in both structures (Fig.16)
and the disturbances caused by the presence of
piles, the deposition of the sediment transported by
the flow near the bed occurs at the downstream of
structure and near the bank. The inclusion of
suspended sediment transport in the simulations
doesn’t show significant differences that the

calculations with bed load transport only due to the
hydraulic conditions with (u«/ws = 0.57) was not
favorable to the occurrence of higher suspended
sediment concentration. However, the applicability
of Bandals to cause deposition of suspended
sediment need to be verified with simulations under
different hydraulic conditions.

In Case 2 with permeable groins the resulted
deposition is very different because only a little
reduction of flow velocity occurs and the sediment
transported by the flow is carried to the
downstream of channel. In this case the deposition
area is distributed throughout the channel with a

small concentration at downstream of groins.
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Fig.20 Longitudinal bed profile at y = 40.0cm -
Case 1 (blue line), Case 2 (green line) and Case 3
(brown line) - experiment
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Fig.21 Longitudinal bed profile at y = 60.0cm —
Case 1 (blue line), Case 2 (green line) and Case 3
(brown line) - experiment
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Fig.22 Longitudinal bed profile at y = 75.0cm -
Case 1 (blue line), Case 2 (green line) and Case 3
(brown line) - experiment

Figs. 20, 21 and 22 show the longitudinal bed
profiles at three different positions at y=40.0cm in
the middle axis of flume (width = 80.0cm), y=60.0
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near the structures head and y=75.0cm passing
through the structures. From these figures it is
possible to observe the effect of structures on bed
erosion, especially near the upstream structure in
Cases 1 (impermeable groins) and 3 (Bandal-likes
tructures). In Case 2, the influence of structures is
very weak, then the bed level variation is very
small compared with other types. The local scour
depth is significantly smaller around the Bandals in
comparison with the conventional structures such
as impermeable groins (Fig.22), and due to the
diversion of flow towards the main channel Bandals
can form a deep navigational channel (Fig.20). By
reducing the flow velocities near the bank at
downstream of structures it can ensure the
protection of riverbank.

5. Conclusions

In the present study, it was investigated the
characteristics of interactive action between the
flow patterns and the bed variation influenced by
Bandal-like  structures and groins through
experimental works and numerical simulations. The
3D flow field obtained from the experimental
measurements  under  live-bed scour and
non-submerged conditions was reasonable modeled.
With the utilization of a sediment transport model,
it can be seen that the Bandal-like structures are
able to reduce the local scour depth around them in
comparison with the conventional structures as
impermeable groins which were observed in the
experimental measurements. They also can improve
the riverbank protection due to the increase on
sediment deposition at downstream of the structure
and consequently near the riverbank by the
reduction of flow velocity which passes through the
lower permeable portion of Bandals. The effect of
upper plate which deviates the flow towards the
main channel can be applied to the formation of
deeper channel for navigation purposes and river
course stabilization as well.

The numerical model is a valuable tool to deal
with the river engineering problems. However, the
effectiveness of this tool depends upon how well
the river and structure geometry are modeled and
the choice of closure model. The improvement of
the modeling of a river with hydraulic structures

with complex geometries can be verified through
the utilization of unstructured mesh system which
can represent more accurately the geometry of river
morphology. The choice of the turbulence model
has a significant influence on the flow details. In
the numerical model used in this study, the standard
k-¢ model was utilized with reasonable
representation of separation zones and the flow
regions having the spiral motion. Improvement of
the model using a non-linear k-& model are
expected to better represent with good accuracy the
described formation of vortex in the disturbed
regions. Another problem that limits the application
of 3D morphodynamic model is the long CPU time
needed for the calculations.

Further investigations of the applicability of
Bandal-like structures through the laboratory
experiments, numerical simulations and also field
applications are expected to prove the effectiveness
of this structure in different conditions.
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