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Abstract In this case, the V-shape bamboo bandalling structures are constructed
with 45° angle with the flow direction. The experimental setup is facilitated with
both the flood and ebb tide from upstream to downstream and vice versa. There
is an arrangement at the upstream for flow entry and flow out and also the same
arrangement in the downstream to ensure the flood and ebb tide. For this reason,
riverbank aswell as riverbank sedimentationwhich is demonstrated in the realRupsha
River near the city of the Khulna, Bangladesh.

Keywords Tidal river · Bamboo bandalling structures · Velocity · Sedimentation

1 Introduction

Bangladesh is a riverine country. One-third of the rivers are tidal in nature. There is
a lot of erosion in the tidal rivers. Both the ways water flow is to be guided by the
V-shape bamboo bandals. Bandal is used to prevent riverbank from erosion. V-shaped
bandal is effective against both spring tide and neap tide.

Bank protection and river training works are one of the prime necessities for
poverty alleviation and national growth. The issue is the safety of lives, land, and
sustainability of the infrastructure against the forces acting in the rivers. Untrained
alluvial rivers of Bangladesh are big problems to the socioeconomic and environmen-
tal sector of the country. A number of earthen embankments were constructed along
themajor rivers for the protection of rural people and agricultural lands fromflooding.
Since then the embankments were retired several times due to riverbank erosion and
bank protection are often required during the monsoon and post-monsoon season.
Groins and revetments are applied as a method of bank protection as a conventional
method.
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The bank protection structures and the recurrent measures have been monitored
for several years. FAP 21 produced some progress in process-based modeling of
two mechanisms by which the mere presence of bank protection structures increases
the loads: (i) the deeper bend scour due to stopping of bank migration [1]; and
(ii) the attraction of channels and associated flow attack toward scour holes [2].
The stopping of bank erosion is assumed to produce deeper bend scour through: (i)
prevention of bank sediment supply, (ii) channel narrowing due to retarded point bar
growth, (iii) bend deformation due to the local prevention of channel migration and
(iv) vortices generated by flow impingement. A method was developed by Klaassen
et al. [3], based on empirical laws derived from a large set of satellite images [4].
Jagers implemented the prediction method in a computer model and tested it against
observations [5, 6]. He also constructed and tested an artificial neural network for
the prediction of low-water planform changes in the Brahmaputra–Jamuna.

2 Methodology

Tomeet the above objectives of the study, a laboratory experimental setupwas used as
shown in Fig. 1. The data is collected for water depth and velocity from the laboratory
experimental setup. Length of left bank is 14.15 m and right bank is 15.43 m and that
of channel width is 1.0 m. Area of two fixed beds is 4.9 m2 and area of mobile bed is
29.4 m2 and both of the two banks were constructed by bricks. Volume of sand in the
mobile bed is 6.76 m3. The d50 and specific gravity of the sand are 0.225 mm and
2.65, respectively. Twelve number of V-type bandals were installed in the flume bed.
The distance from one bandal to another is 1.35 m. Length of each bandal is 0.70 m.
Four bandals were installed along the left bank. First of these bandals is 1.0 m apart
from the upstream fixed bed. Another set of four bandals was installed along the left
bank in the downstream. In the middle portion of the longitudinal section, another
set of four bandals was installed.

With the aid of this experimental setup, there are theworking principles of bandals
as shown in Fig. 2. In this working principle, it is seen that bed load and suspended
load is transported [7]. In details, it is noted that the surface current is diverted toward
the main channel. The sediment in water is pushed down through the bandals and
deposited behind the bandals with the low velocity of water.

3 Objectives of the Study

The main objectives of this study to investigate the flow field around the bamboo
bandalling structures. The specific research objectives are as follows:

(1) to know the navigational channel development due to the effect of bamboo
bandalling structures constructed near both the laboratory flume.
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Fig. 1 Experimental setup

(2) to understand the application of bamboo bandalling structures when placed both
in laboratory and field.

(3) to get an idea about the performance of the bamboo bandalling structures.

4 Data Collected for Analysis

Data collected from the experimental setup of Fig. 1 is presented in Table 1. Data
collectedwas the distance from the left bank of the channel,water depth andmeasured



52 Md. L. Rahman

Table 1 Collected velocity at a different location of the experimental setup

Section no. Distance from
LB (cm)

Depth, d (cm) Velocity (m/s)
0.2d 0.6d 0.8d

1 30 24 0.110 0.150 0.150

60 24 0.264 0.305 0.243

90 27 0.397 0.418 0.408

120 32 0.511 0.490 0.459

150 30 0.418 0.418 0.408

180 26 0.233 0.253 0.356

2 30 23.5 0.031 0.031 0.041

60 25 0.161 0.212 0.192

90 27.5 0.253 0.325 0.336

120 33 0.439 0.480 0.500

150 29 0.500 0.521 0.480

180 22.5 0.449 0.511 0.511

3 30 24 0.031 0.031 0.031

60 25 0.031 0.130 0.031

90 25.5 0.264 0.264 0.233

120 27 0.428 0.439 0.387

150 28 0.480 0.531 0.511

180 28 0.521 0.449 0.459

4 30 25 0.061 0.031 0.161

60 27 0.295 0.336 0.284

90 26 0.346 0.397 0.367

120 28 0.439 0.408 0.356

150 29 0.367 0.367 0.305

180 29 0.356 0.346 0.336

5 30 31 0.031 0.031 0.031

60 35 0.150 0.181 0.150

90 29 0.356 0.387 0.336

120 30 0.387 0.377 0.315

150 28.5 0.367 0.336 0.315

180 27 0.377 0.346 0.284

6 30 25 0.031 0.031 0.181

60 26 0.212 0.212 0.264

90 30 0.367 0.346 0.325

120 31.5 0.356 0.356 0.336

150 34 0.356 0.356 0.346

180 30.5 0.377 0.356 0.325
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Fig. 2 Working principle of the bamboo bandalling structures

Fig. 3 Velocity plot from left bank (LB) toward right bank versus water depth

Fig. 4 Velocity plot from left bank (LB) toward right bank versus water depth

velocity in 0.2, 0.6, and 0.8 times the water depth. This three-point velocity is plotted
in Figs. 3, 4, 5, 6, 7, and 8.
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Fig. 5 Velocity plot from left bank (LB) toward right bank versus water depth

Fig. 6 Velocity plot from left bank (LB) toward right bank versus water depth

Some photographs have been taken to observe the sedimentation phenomena near
the riverbank, which is demonstrated in the real Rupsha River near the city of the
Khulna, Bangladesh as shown in Fig. 9.

5 Result and Discussion

It is referred to all the figures and Table 1 to observe the performance of the bamboo
bandalling structures applied in the tidal river in Bangladesh. It is evident from the
plot of the section-1 through section-6 that there is maximum velocity at the center of
the channel, where the flow is concentrated due to the effect of the bamboo bandals.
Velocity is less near the bamboo bandals area both in the laboratory experiment as
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Fig. 7 Velocity plot from left bank (LB) toward right bank versus water depth

Fig. 8 Velocity plot from left bank (LB) toward right bank versus water depth

Fig. 9 The river bank of Rupsha River is protected by using bamboo bandalling structures at
Khulna, Bangladesh
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well as in the real river of the Rupsha. In the area within the bamboo bandals, the
velocity is reduced where siltation is encouraging.

6 Conclusion and Recommendation

In conclusion, it can be stated that the performance of the bandals is acceptable in
the tidal river. There is sediment deposition as in Fig. 10 and that of as in Fig. 11 of
the bamboo bandals used for the river bank erosion protection. Due to the effect of
the bamboo bandalling, deposition occurred near the bandals. The bamboo bandals
will be the sustainable solution. Further study will be required to make the test result
more fruitful.

Fig. 10 Photographs shows the sediment deposited near the eroded bankwithin the bamboobandals
field
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Fig. 11 River before the construction of bamboo bandals in the left and that of after the flood in
the right of the photographs
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