
  
Abstract—Rivers are generally meandering. A smoothly flowing 

stream during low flows may attain a tremendous fury during high 
stages. Usually the flow of river at bends is found to erode the outer 
bank and aggradation on inner bank. In general such river behavior 
perpetrates chaos. 

Protection to the river banks is normally given by a variety of 
river training which are very costly. Therefore, generally bank 
protection is restricted only to the important reaches. In simple 
economic terms, the above situation has made the conventional river 
training techniques practically unaffordable for Indian states where 
thousands of kilometres of erosion-affected stream bank-line await 
remedial action. The increasing demand of bank protection work 
have focused attention on an imperative need to develop cost 
effective river training measures like Jack Jetty on sound scientific 
basis to tackle the twin burning problems of flood and erosion along 
with facilitate channelization in Indian rivers.  
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I. INTRODUCTION 

HE Rivers in alluvial plains are highly variable in their 
behavior and to an average man are often unpredictable. 
Usually a river is found to erode the outer bank and 

sediments get deposited on inner bank. In braided channel, 
however rivers erode both bed and banks at high stage and 
the eroded materials are deposited on the bed or banks during 
low stage producing a number of channels within the flood 
plain with bed bars, dunes, antidunes etc. it may develop 
unforeseen meanders, break through embankments, may 
attack towns and import structures by pass bridges. In general 
such river behaviour perpetrates havoc.Alluvial rivers are 
well known for their sediment load and frequently changing 
course. Most of the rivers in this class are notorious for 
overflows and breaching their banks, resulting in the floods.  

To avoid such damages engineers have successfully used 
river training works. River training works are required to 
stabilize the river channel along a certain alignment and with 
a certain cross section so that the river does not cause the 
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damage to the land and property adjacent to its bank. It is 
essential to train a river for protecting its banks to avoid 
excessive meandering, to prevent shifting its course, maintain 
navigability etc. River training structure guides and forces a 
stream into achieving some definite objectives and protecting 
some defined area. River training works are becoming 
increasingly expensive leading to high labour cost and cost of 
material. So there is dire need to develop some cost effective 
measure for protection of rivers.  

A. What is Jack Jetty? 
Jack Jetty is a cost effective river training measure on 

which  study has been carried out through experimental work. 
Jetty jack which was invented by H. F. Kellner in the early 
1920’s. This was a permeable form of bank protection and 
did the job at a lower cost than the non-permeable types of 
bank protection then in use. He made his first jack with three 
willow poles tied together at the mid-point. To keep the 
willow poles extended, he laced them with wire. Afterwards, 
he replaced the willows with steel angles. 

 
II. DEVELOPMENT OF DESIGN PARAMETERS 

 

Since the sediment transport capacity of a stream is directly 
related to the bed shear stress the bed shear stresses were 
measured along several longitudinal lines behind single and 
multiple jacks. This was done by measuring velocity profiles 
at several locations using a Micro ADV so that turbulence 
could be measured. Velocity profile data in micro level study 
for various layouts of the jetty has been collected using a 
Micro ADV. Velocity profiles were taken with and without 
jetties in flow. The bed shear stresses determined are lower 
only. It could be discerned from the plots of shear stress on 
the bed, with and without jetties, that shear stress decreases 
significantly post jetty installation. This significant reduction 
in shear stress directly implies a reduction in the sediment 
transport capacity of the channel which in turn should lead 
the flow to drop sediment behind jack. To investigate the 
change in velocity field induced by the jack from the non jack 
case: To evaluate the flow pattern behind the jack, as noted 
above velocity profiles were taken in a grid pattern behind the 
jack. The reduction in velocity post jetty installation is 
calculated and plotted for various sections and significant 
reduction could be discerned for various layout of the jetties. 

A jetty field is a layout of various configured patterns of 
diversion and tie back / retard lines of jacks for achievement 
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of different design objectives. The changes in bed levels (sand 
deposition) were monitored in the jetty field after each 
experimental run. Through these experiments berm 
formations in the jetty field have been developed to maximize 
the deposition of sediment behind the jacks. 

 
III. LABORATORY EXPERIMENTS ON JACK JETTY FIELD 
 
Models are placed in the 0.50 m wide laboratory flume 

with height 0.4 m and bed material of sand with d50 = 0.25 
mm and σg = 1.29. Sand layer on the bed has a height of 0.12 
m. Slope of the flume is set at 0.0001875 and has maintained 
the condition of clear water flow. Flume is attached with 
other instruments that have flow recirculation system to 
provide steady uniform flow to the flume. Illustration of the 
flume and the recirculation system. 

The Jack Jetty field functions by trapping sediment and 
debris during flood events to essentially build up its own levee 
to confine the river channel. It has been described that a jetty 
system is designed to conform to the existing regime of the 
river. The system appears to work best if it was placed in 
concave bank of a meandering channel. However a key issue 
for the successful use of the system was sediment.  

Jack Jetty Submeregence  Index 
Jetty Field Submergence Index is defined as the depth of 

water above the top of jack height to the total depth of water 
which can be written as ((H-h)/H). Lower values of Jetty Field 
Submergence Index represent lower submergence and higher 
values represent higher submergence (JFSI). 

Jack Jetty Density Index 
Jetty Field Density Index is defined as the length of retard 

to centre to centre spacing of retards which can be written as 
(Lr/Ls). Lesser values of Jetty Field Density Index represents 
lightly configured jetty field and height values represent 
densely configured jetty field(JFDI). 

 
Fig. 1 represents JFSI 

From the  it is apparent that the steel frame jack jetty 
systems have come into existence in the 50’s of last century. 
It is obvious that certain preliminary studies on the 
performance of modified RCC jack jetties is necessary in 
order to develop rational design methodology which will 

enable it to be used as an affordable cost effective river 
training measure. To study and analyse the effect of jack jetty 
on the flow domain and pertinent fluvial parameters, the 
experimental programme of the present research was divided 
into three phases namely for angle of diversion at 00,200 and 
300 respectively with low jetty field density index and high 
jetty field density index. 

 

 
Fig. 3 represents Jetty Field at 00 

 

IV. LABORATORY RESULTS 
It is learnt that a single or stand unit of the model is called 

a jack and when they are connected together with a cable they 
form a jetty. When lines of jetties are laid parallel to the bank 
of the channel they are called as diversion lines and when the 
jetties are projected into the river at certain angle with the 
bank they are called as retards. Combination of retard and 
diversion lines forms a jetty field. 

A. Effect On Bed Profile 
Bed profile contours were drawn with the data collected 

after each experimental run. Deposition in the jetty field 
follows similar trend, it is predominant in the initial portions 
and gradually reduces towards the tail end of the jetty field. 
When the jetty field is densely configured or with higher 
sediment concentrations or for lower submergence ratios, it 
could be noticed that the contours are longitudinal and  being 
semicircular or semi ellipsoidal. It might be inferred from 
these observations that when the jetty field efficiency is 
higher, then sediment deposition is predominant in the jetty 
field and the pattern of the deposition is not like small heap of 
sand around the base of the jacks but more of layered 
deposition. 
 The below plot is of JFDI=3,with angle of incidence of 
attack as 200 .similar plots are there which is sufficient 
enough to draw the conclusions 
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Fig. 2 represents Jetty field at 200  and Jetty field at 300 
 
 

 
 

Fig 4 represents Sketch of tilting Flume 
 

 
Fig. 5 Represents Bed Profile Data 
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TABLE I 
EXPERIMENTAL PROGRAM

 
 

 
. 

 
 

 

B.  Quantification Of Velocity Reduction 
     Contour plots above suggested prominent effect of 
submerged jacks on the flow field which is more pronounced 
with the bigger size jacks than the smaller ones. It also 
suggested, submergence has an effect on the performance of 
the jack as well which varies inversely with each other. 
Furthermore, it could be observed that multiple units of jacks 
perform in an enhanced way than single units of jacks. The 
contour plots have given a general idea and presented 
pictorial representation of the same. In the present section of 
the study, it has been attempted to quantify the reduction in 
velocity due to the presence of submerged jacks than the non-
jack case in percentage terms. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The percentage reduction in velocity is calculated by      

comparing the velocity with and without jacks at same 
positions. This comparison is done at a particular depth above 
sand bed.The percentage reduction in the shows is 70 to 95% 
with an average reduction of 70%. 

All these plots show a particular trend which shows higher 
percentage reduction in the initial portion of the plot and 
which gradually goes on decreasing towards the tail end. As 

it is known, the initial portion of the plot represents the 
cross sections just downstream of the jack up to almost 0.8 m 
and the tail end of the plot is cross sections beyond that. This 
particular plot shows maximum reduction of 95% and and 
70% in average till 0.8 m downstream of the jack which then 
decreases to 60% and then gradually goes down. 

Ex
p no Bed Slope water 

depth(m) 
Dischrge 
(m3/s) 

Froude 
no 

Arrangement of jetty 
field Submergen

cee    ratio 
vel of 

flow m/s Dens Angle of dev 

1 0.0001875 0.1 0.005 0.101 1.53 30 degree 0.36 0.1 

2 0.0001875 0.13 0.0065 0.088 1.53 30 degree 0.52 0.1 

3 0.0001875 0.17 0.0085 0.077 1.53 30 degree 0.61 0.1 

4 0.0001875 0.2 0.01 0.071 1.53 30 degree 0.68 0.1 

5 0.0001875 0.1 0.005 0.101 3.33 30 degree 0.36 0.1 

6 0.0001875 0.13 0.0065 0.088 3.33 30 degree 0.52 0.1 

7 0.0001875 0.17 0.0085 0.077 3.33 30 degree 0.61 0.1 

8 0.0001875 0.2 0.01 0.071 3.33 30 degree 0.68 0.1 

9 0.0001875 0.1 0.005 0.101 1.38 20 degree 0.36 0.1 

10 0.0001875 0.13 0.0065 0.088 1.38 20 degree 0.52 0.1 

11 0.0001875 0.17 0.0085 0.077 1.38 20 degree 0.61 0.1 

12 0.0001875 0.2 0.01 0.071 1.38 20 degree 0.68 0.1 

13 0.0001875 0.1 0.005 0.101 3 20 degree 0.36 0.1 

14 0.0001875 0.13 0.0065 0.088 3 20 degree 0.52 0.1 

15 0.0001875 0.17 0.0085 0.077 3 20 degree 0.61 0.1 

16 0.0001875 0.2 0.01 0.071 3 20 degree 0.68 0.1 

17 0.0001875 0.1 0.005 0.101 1.6 0 degree 0.36 0.1 

18 0.0001875 0.13 0.0065 0.088 1.6 0 degree 0.52 0.1 

19 0.0001875 0.17 0.0085 0.077 1.6 0 degree 0.61 0.1 

20 0.0001875 0.2 0.01 0.071 1.6 0 degree 0.68 0.1 

21 0.0001875 0.1 0.005 0.101 1.6 0 degree 0.36 0.1 

22 0.0001875 0.13 0.0065 0.088 1.6 0 degree 0.52 0.1 

23 0.0001875 0.17 0.0085 0.077 1.6 0 degree 0.61 0.1 

24 0.0001875 0.2 0.01 0.071 1.6 0 degree 0.68 0.1 
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Fig. 6  represents X axis as the distance in longitudinal direction and y axis the % reduction with ld  

for low density and hd for high density values being 1.38 and 3. With 0.06 m above the bed. 
 

 
V. CONCLUSION 

 

Experimental data processing in the present chapter 
suggests significant reduction in flowcvelocity due to the 
presence of submerged jacks which depends on variety of 
situations such as, reduction in velocity with bigger jacks than 
smaller ones. Reduction in velocity is pronounced and is more 
enhanced in the initial stretch which then tapers off to 
minimize further downstream of the jack. Effect of 
submergence could be faintly observed. The work describes 
that effect is more prominent for when the arrangement is for 
20 degree at angle of incidence of attack then at 30 degree. 

Analysis of the bed profile data has facilitated helped in 
summarizing, that jetty field performed better with lower Jetty 
Field Submergence Index and high sediment concentration in 

densely configured jetty fields. New suitable design indices 
and performance parameters have been developed with 
threshold values for various design objectives namely erosion 
control, moderate reclaim and heavy reclaim and design 
methodology could be developed with rational scientific basis. 
New design indices and performance parameters are evolved 
in this work which provides primary guidelines for 
developing design of a RCC jetty field based on desired 
design objective of erosion control. 
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