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ABSTRACT 

The study presents the first detailed experiment based analysis on the formation of mid channel bar in river. The 
continuous development on erosion and sedimentation leads to the formation of mid-channel bars. The bar formation occur 
at the inner bank of river. It was actively occurring at downstream and not visible at upstream. The most factor that leads to 
the bar formation was the flow of water. The present of sediment in river induced the formation of bars but not active as 
compared to the effect of flow. Thus, this study centers towards the behavior of bar formation coordinates with flow and 
sediment. 
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INTRODUCTION 

Mid-channel bar is one of the factors that 
contribute to flood occurrence and changes in the 
characteristics of floodplain along rivers. A mid-channel 
bar promotes braiding in rivers and bifurcation in 
channels. The consequential effect of bifurcation is 
widening of river that affects the river ecosystem and 
habitats of living things with the floodplain. Bars in rivers 
resulted from the composition of various types of material 
can be of high fertility rate. The point-bar formation to the 
larger extent may serve as floodplain that is important to 
agriculture activities. This portion of the river basins has 
become the focus of urbanization in the future. Central 
bars induced problems in managing river rehabilitation 
and restoration. The effects are due to the formation of 
mid-channel bars which are widening and braiding. 
Braiding would cause unsteadiness to the flow which in 
turn creates a flow field and promotes sediment movement 
(Repetto, 2000). The dynamic process of channel changes 
and the related changing modes of sediment transport in 
straight rivers are responsible for the change in the 
morphological patterns that leads to the formation of bars 
in single-channel streams. The synthesis and explanation 
of the changes flow and sedimentation processes is lagged 
far behind from other studies. The lack in the fundamental 
observations of channel morphology, flow characteristic 
and bed-load movement in a straight channel has 
inevitably hindered the studies of flow, bed morphology 
and sedimentation to the formation of mid-channel bar. 
Mid-channel bar is common in rivers. It is one of the 
factors that contribute to flood occurrences. The study of 
mid-channel bar has not been fully explored due to its 
limitation of data related to the formation. Thus further 
investigation is required to explore the possibility of flow 
and sediment matrix interaction in the formation of bars in 
rivers.  
 
 
 

The formation of Mid-Channel Bar in river 
The formation of mid-channel bar naturally 

comes from the erosion process of bed and bank which is 
subjected to turbulent flow in all straight channels (Mat 
Salleh. M. Z. and Ariffin. J., 2013). The process is 
involved of two main parameters which is flow and 
sediment. The process also much more related to bed load 
and suspended load. Based on Colombini et al., (1987), 
and Shielen et al., (1993), the process of formation started 
when bed load dominates the sediment transport process 
when the flow is changed from turbulent to laminar of 
well sorted sediment. In these conditions the crucial 
parameter controlling the formation of bars is the width to 
depth ratio β of the channel. They concluded that a mid-
channel would form if the threshold β is exceeded 
depending on both flow and sediment. 

The formation of mid-channel bar also would 
occur when a significant portion of sediment transport is 
carried as suspended load and deposited at the bed of 
channel. In certain period the accumulation of suspended 
load are transformed into bigger dunes and change the 
channel flow to produce bars (Mat Salleh. M. Z. and 
Ariffin. J., 2013). Fredsoe, (1978) and Kuroki, (1988) 
reported that the effect of suspended load could 
destabilizes the value of shield stress. Watanabe &Tubino 
in 1992 found that the critical value of β for bar instability 
rapidly changes to infinity when the shield stress increases 
beyond the threshold value and with increasing particle 
Reynold Numbers.  
 
Effect of Mid-Channel Bar to the river system 

Mid-channel bar are a normal mechanism occurs 
in river. Their impacts critically can change the whole 
system in river whether in terms of flow, channel pattern, 
beds and much more. Based on Bridge and Lunt, (2005) in 
a study of Jamuna River, stated that the braid bars occur in 
this river was originated from the formation of mid-
channel bars. The mid-channel bar migrated and grew 
from lateral and downstream accretion. 
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Bristow, (1993) proved that the deposit channel 
bars in Jamuna River were the cause for long cut of it 
bank during low flow stage. He described the deposit of 
sinuous crested dunes, ripples, and plane beds. The present 
of bar in river contributes to the channel morphology 
changes and usually it turn to meander or braid rivers.  

Bridge and Lunt, (2005) again proved that the 
present of mid-channel bar in river induced the higher rate 
of flow and in braided river it usually transported  
relatively coarse sediment as bedload. This river bank was 
also unstable. They also stated that the discharge 
variability for this river was very large as compared to 
others. 
 
METHODOLOGY 

The experiment was carried out on a laboratory 
flume of 2m long by 1m wide. A channel constriction path 
was made at the center to facilitate flow.  Water is 
supplied from a tank using a submersible pump via a 
flume. A valve is used to regulate the flow. The types of 
material used in the experiment is sorted fine grain sand of 
sizes of D30 = 0.71m, D50 = 0.8mm, and D90 = 1.18mm. 
The sand is compacted and water was made to flow into 
the flume to saturate the sand. The flume gradient used 
was fixed at 0.5% in every experiment sufficiently steep to 
produce braiding by the imposed discharge. The 
measurement was made at every 10cm interval along the 
flume section until the end of the downstream channel. 
The point of measurement also helped to locate the 
position of the formation of mid-channel bar along the 
channel. Data on channel pattern development were 
collected throughout the study by direct observation with 
subsequent shots taken daily. Changing indices were 
measured through daily observation. The change in the 
riverbed was made relative to the channel bank to 
facilitate observation on changes in the profile.  
 

 
 

Figure-1. Measurement points along the 
test bed channel. 

 

Six experiments were carried out using different 
matrix of flow and sediment release. Three experiments 
were carried out for different flow and without sediment 
release. The flow rates used were 3.8 x 10-5m3/s, 4.2 x 10-5 

m3/sand 4.6 x 10-5 m3/s. Another three experiments were 
established to measure the relationship between effects of 
sediment transport to the formation of mid-channel bar. In 
these experiments, the flow is constant to 4.6 x 10-5 m3/s 
and different sediment release of 1 kg, 0.5 kg, and 0.25 kg 
were recorded. This was intended to measure the effect of 
flow rates and sediment release to the formation of mid-
channel bars.  
 

 
 

Figure-2. Operation system for experiments. 
 
Results and analysis 

The experiments were conducted in initially 
straight channel. Bar formed in all experiments except for 
experiment 1. Most of the channels (experiment 2, 3, 4, 5, 
6) changed from straight channel to meandering channels. 
Scour and dunes occurred in all experiments. The erosion 
and deposition process happened along the channel. An 
erosion occurred at upstream and deposition at 
downstream. Two types of bars are formed; a point bar 
and mid-channel bar. All bars are formed in the area of 
zone 2 (transported zone) and zone 3 (deposition zone). 
However, no bars were visible in zone 1. The depth of 
zone 1 was found to be deeper followed by zone 2 and 
zone 3 respectively. The width of channel were widen in 
deposition zones for both experiments. The bed turned to 
be flatter in deposition zone as compared to transported 
zone and erosion zone. 
 

 
 

Figure-3. Profile formation of experiment 1 with 
discharge of 3.8 x 10-5 m3/s and no sediment release. 
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Figure-4. Profile formation of experiment 2 with 
discharge of 4.2 x 10-5 m3/s and no sediment release. 

 

 
 

Figure-5. Profile formation of experiment 3 with 
discharge of 4.6 x 10-5 m3/s and no sediment release. 

 

 
 

Figure-6. Profile formation of experiment 4 with 
discharge of 4.6 x 10-5 m3/s and 1 kg sediment release. 

 

 
 

Figure-7. Profile formation of experiment 5 with 
discharge of 4.6 x 10-5 m3/s and 0.5 kg sediment release. 

 
 

Figure-8. Profile formation of experiment 6 with 
discharge of 4.6 x 10-5 m3/s and 0.25 kg sediment release. 

 
In term of duration for experiments, there were 

recorded that the longest duration taken to be done was in 
experiment 1 with a lowest discharge of 3.8 x 10-5 m3/s 
and no sediment release. Then it was followed by 
experiment 4 and 5 of discharge 4.6 x 10-5 m3/s and 4.6 x 
10-5 m3/s with sediment release of 1 kg and 0.5 kg 
respectively. The fastest duration was in experiment 3 
with discharge of 4.6 x 10-5 m3/s and no sediment release. 
There are bigger different of duration for each of 
experiment in condition of different flow as compared to 
different sediment release. There also shown that the 
duration of experiments were shorten when higher 
discharge used and also when bigger in sediment release. 
The duration was increased when its discharge were lower 
and also smaller in sediment release.  
 

Table-1. Duration taken for experiments to complete. 
 

 
 

Table-1 indicates the points where bar were 
evident. The most effective point of bar to form was at 
point 150 cm and 160 cm in all experiments. It has the 
most number of formations and has been included in zone 
3. The bars were visible in zone 2 and zone 3 but not in 
zone 1. Therefore it supported the findings of Leopold and 

EXPERIMENT
DISCHARGE

(m3/s)

SEDIMENT 
RELEASE(KG)

DURATION
(DAY)

1 3.8 x 10-5 0 14

2 4.2 x 10-5 0 5

3 4.6 x 10-5 0 2

4 4.6 x 10-5 1 7

5 4.6 x 10-5 0.5 6

6 4.6 x 10-5 0.25 4
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Langbein, (1962) that stated the river divided into three 
zones which is erosion zone (zone 1), transported zone 
(zone 2) and deposition zone (zone 3). Most of the bars 
started to form at area H-H to J-J. It has been actively 
occurred at a range of area M-M to P-P. 
 

Table-2. Location of bar formed in channel for both 
experiments. 

 

 
 
Geometry coordinates of Bar formation based on flow 

In this section the study focuses on the effect of 
flow in channel which includes the aspects of geometry 
coordinates, bed profile, channel plan form, and bar 
profile. The relationship was investigated in order to 
understand the origin of changes that lead to the formation 
of mid-channel bar.   

Formation of mid-channel bar is very much 
influenced by stream flow of water and this has been 
proven by previous research. A test using different flows 
without sediment release (experiment 1, 2, 3) was carried 
out to establish its effects to the bar formation. It was 
discovered that most of the bars were formed in zone 3, 
which is the deposition zone. The bar was also visible in 
zone 2 and actively occurred in zone 3. There were no 
bars formed in zone 1 for both experiments.  

The observation was recorded in Figure-3, 
Figure-4, and Figure-5. These figures show the formation 
of bars during the run of experiment with a different 
discharge acted on channels. The discharge was at 3.8 x 
10-5 m3/s in experiment 1, 4.2 x 10-5 m3/s in experiment 2 
and 4.6 x 10-5 m3/s in experiment 3. In experiment 1, the 
bar was not visible along the channel. While in experiment 
2, the bar is visible between zone 2 and zone 3. The bar 
was actively formed at zone 3 with two stable and bigger 

bars. In experiment 3, it was quite similar to the condition 
of experiment 1 where the bars were also formed between 
zone 2 and zone 3 and actively formed in zone 3. The bars 
were also formed very close to each other. 
 
Geometry coordinate of Bar formation based on 
sediment 

Three different experiments were tested with 
different sediment of 0.25 kg, 0.5 kg, and 1 kg. The 
discharge was kept constant at 4.6 x 10-5 m3/s.  

From Figure-6, Figure-7, Figure-8 show that bars 
formed in all channels. The bars are formed in zone 2 and 
zone 3 but not visible in zone 1. The bars are formed in 
zone 2 and zone 3 even though the sediment was released 
at zone 1. Most of the bar started to form at cross section 
of H-H until R-R. It can be seen in Figure-6 and Figure-8. 
The bars are formed at cross section of H-H (80 cm), and 
started to actively form at cross section of M-M (130 cm) 
and Q-Q (170 cm) in experiment 4. This was similar to 
experiment 6. In experiment 5 the bars are formed at cross 
section of K-K downward to downstream as compared to 
other experiments. 
 
CONCLUSIONS 

The characteristic of geometry coordinates for 
mid-channel bar formation was discussed in previous 
chapter. It can be concluded that, the mid-channel bars are 
only formed in zone 2 and zone 3 for both experiments. 
There were no bars in zone 1. This happened because of 
the erosion process produced in zone 1 and deposition at 
zone 2 and zone 3. The sediment from zone 1 was 
transported to zone 2 and zone 3 because of the local flow 
rate. Erosion was actively occurred when higher flow rate 
was produced. As a result, the channels were continuously 
eroded. The sediments from upstream were transported to 
downstream. It was actively deposited at downstream 
when the flow rate was high. This was proven in 
experiment 3 where the highest flow rate bars are formed 
at zone 3 with bigger sizes than others. The higher erosion 
rate at upstream produced more sediment to be deposited 
at downstream. The lower flow rate reduced the erosion 
and deposition process. It was proved by experiment 1 of 
lowest flow rate where no major changes of channels 
occurred and no bars were formed.  

The duration of bar to be formed in experiment 
was longer when lower discharge used and shorten when it 
discharge increased. The channel changes rapidly when 
flow increased due to changes of its bed and bank profile. 
This condition induced the process of formation for mid-
channel bar. The highest flow was enough to degrade the 
bed and bank sediment in channel and produce much 
sources of sediment for deposition process. This was 
proved in experiment 3. When sediment acted on upstream 
of channel the flow of water was decreased due to the 
resistance of these sediments. Therefore much time was 
taken for mid-channel bar to form. This was shown in 
experiment 4 of discharge 4.6 x 10-5 m3/s. Although its 

MEASUREMENT 

POINT(cm)

EXP 1 EXP 2 EXP 3 EXP 4 EXP 5 EXP 6

10(A‐A) 0 0 0 0 0 0

20(B‐B) 0 0 0 0 0 0

30(C‐C) 0 0 0 0 0 0

40(D‐D) 0 0 0 0 0 0

50(E‐E) 0 0 0 0 0 0

60(F‐F) 0 0 0 0 0 0

70(G‐G) 0 0 0 0 0 0

80(H‐H) 0 1 0 1 0 0

90(I‐I) 0 1 0 1 0 1

100(J‐J) 0 1 0 1 0 1

110(K‐K) 0 1 0 0 1 0

120(L‐L) 0 1 1 0 1 0

130(M‐M) 0 1 2 0 0 1

140(N‐N) 0 1 2 0 0 0

150(O‐O) 0 2 2 0 1 0

160(P‐P) 0 2 1 1 1 0

170(Q‐Q) 0 1 1 0 1 0

180(R‐R) 0 1 1 0 0 1

190(S‐S) 0 0 0 0 0 0

NUMBERS OF BAR FORM
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discharge was similar to experiment 3 but the duration was 
longer because of its 1 kg of sediment. 
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