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INTRODUCTION

Rivers constitute the most valuable natural wealth of a 
country. They occupy an important place in every stage of
human development. They are responsible for the development 
of industry and agriculture in a country. But these rivers 
can also do much havoc. If the rivers are allowed to pursue 

their own course unhampered, they cause floods, erosion of 
banks and loss of valuable property ̂  j,. It is thereforer*
necessary to control or train the rivers and try to make
them behave as we desire.

River training in its broad meaning covers all 
engineering works constructed on a river to guide and 
confine the flow to the river channel and to control and 
regulate the river bed configurations for effective and safe 
movement of floods and river sediment. It il's (cu very 
comprehensive subject which includes flood detention, 

reservoirs, flood control works, regional training of rivers 
usually major ones and local training of rivers such as the 
protection of a railway bridge or a town. Before we attempt 
to train a river, it is essential to know its behaviour and 
have considerable data such as flood hydrographs, gauges, 
types of bed material etc. No two rivers are alike and as
such the problems to be solved will be quite varying in
nature.
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Most of the river basins in our country are alluvial in 
nature and therefore notoriously unstable. The constant and 
unpredictable shifting of these river courses brings every 
year untold devastation and misery to millions in the 

country. The rivers swollen with heavy floods, inundate vast 
areas of fertile and cultivable land damaging standing 
crops. Huge quantities of sand deposited on the inundated 
lands, render) them unproductive over long periods. 
Cities, towns and villages are eroded and washed away. 
Lines of communication are threatened and weirs, barrages 
and irrigation works are in constant danger of getting out 
flanked. Bank erosion is one of the major problems caused by 

floods in the river basins of Kerala, especially for the 
rivers Bharathapuzha, Periyar and Pamba. To make riverf? 
behave as desired and to prevent their ravages, training 
works for flood control and bank protection on a large scale 
are therfore imperative here which in turn focus on the 
importance of spurs.

Spurs are structures constructed transverse to the 
river flow and extend from the bank into the river. They 
are known by several names, the most popular being spurs, 
spur dikes and transverse dikes and constitute probably the 
most widely used training measure. Spurs are more 
successful than other training measures where problem 
involved is of protecting a valuable land,towns,villages or 
highways etc. against erosion or for flow diversion or



maintenance of a particular channel. This is because of the 
fact that they throw water away from the affected bank

causing deposition along the bank, thus may protect the 
stream bank more effectively and at less cost than other 

training measures.

Spurs have served as one of the important river

training measures since historic times. Historical records 

reveals that in the East, the first attempt at river
training consisted of embankments constructed across spill
channels. The river was confined to flow in a single deep 
channel by groynes projecting from river banks, designed to 
prevent erosion. Spurs as river training measures have been 
designed and constructed since long in India, especially at 
barrages and bridges even before 1900 as mentioned in 
Springs book on guide bank design.

Spurs serve one or more of the following functions:

ll) Training a river along a desired course by 
attracting, deflecting or repelling the flow in a 
channel.

(2) Creating a slack flow with the object of silting up the 
area in the vicinity.

(3) Protecting the river bank by keeping the flow 
away from it.

(4) Contracting a wide river channel usually for the 
improvement of depth for navigation.



4

However no well defined design procedures for the spurs 
have been formulated yet. The spurs are in many cases built 
based upon the experience and engineering judgements of site 
engineers, who are familiar with the behaviour of rivers. It 
is also seen that there are no specific formulae for the 
design parameters of spurs, other than certain guidelines 
based upon width, depth of flow, discharge intensity of 
river etc.

Due to uncertain behaviour of rivers and lack of any 
rigid mathematical formulae for designing training works, it
is always useful to test such measures in hydraulic models

/
and visualise their behaviours. Today hydraulic models are 
very useful aid in engineering practice provided the results 
are properly interpreted. Models can predict with fair 
degree of certitude the outcome of a training or of a 
control measure. Physical model studies related to solution 
of specific river training problems by use of spurs have 
been conducted by many investigators which throw light on 
various parameters like scour downstream of spurs, 

constriction, angle of approach, flow characterstics, bed 
material properties etc.

However no serious attempt have so far been made to 
bring together the experiences to evolve standard designs 
for spurs indicating the conditions under which they could
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be used and extent; of protection that could be expected
there of. In this study an attempt is made to analyse 
various design parameters of spurs such as length, spacing, 

angle etc by simulation techniques.

The main objective of the research work is to conduct 
simulation studies on spurs (groynes) with rigid bed as well 
as mobile bed condition under varying design parameters such 

as length, spacing etc.

The specific objectives of the study are as follows:
*

1. To select and modify an existing river model or flume 
at KERI, Peechi to suit the objectives of the study.

2. To study the velocity distribution along the spur as
well as on various cross sections of the model or the 
flume for different design parameters of spurs.

3. To study the flow pattern along the model or the flume
for different design parameters of .spurs.

4. To study the scour pattern and maximum scour depth for
different design parameters of spurs.
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REVIEW OF LITERATURE

The importance of rivers has been recognised from very 
early times. World history shows that progress of 
civilisation followed river valleys and basins. They have 
occupied a very prominent place in every stage of human 
development. But these rivers can cause floods, erosion of 
banks and loss of valuable property etc., if they are not 
trained or controlled as we desire. Spurs are very 

successful training measure for flood control and bank 
protection in a river and probably the most widely used 

training work. Spurs are structures constructed 
perpendicular to the river flow and extend from the bank 
into the river. They train the river by attracting, 
deflecting or repelling the flow in the river and protect 

the river bank by keeping the flow away from it. Different 
types of spurs such as submerged, non-submerged, permeable, 
impermeable, attracting, deflecting, repelling, Hockey type, 
T-headed type etc. are used based on their performance in 
the river training problem.

2.1 Spurs As River Training Measure

River training by embankment for flood protection has 
a long history and must be the one of the earliest 
engineering achievements of man. In the East, the first 
attempt at river training consisted of embankments 
constructed across spill channels. In Europe, structures
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like spurs were used for improvement of the navigability of 
rivers by maintaining a narrow and deep channel needed for 
expeditious navigation. Even before 1900, spurs were used 
at barrages and bridges in India. A summary of the relevant 
conclusions of the various investigators connected to the 
subject is given below, under different sub headings.

2.2 Design Aspects of Spur Like Structures

The design of a spur under various ■conditions depend 
on the following important parameters namely, (a) discharge 
in the river (b) angle of attack (c) sediment load in 

the, river (dj meander length (e) curvature of the river etc. 
Secondly depending on the purpose, groynes can be used 

singly or in series. The various design parameters of spurs 
such as length, spacing, angle etc. should be designed 
accurately because of the large investment of capital and 
labour involved in the construction of these structures.

2.2.1 Length and Orientation of Spur

No general rules have been formulated for fixing the 
length of groynes as it depends entirely on the exigency 
arising in a specific case. The length should not be 
shorter or longer as it adversely affects the adjacent or 
opposite bank. The groyne should make an angle upstream 
with the bank in the range of 60° to 85°; 70° to 85° is 
considered a more desirable range.
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Moni (1961) conducted experiments to' study the effect 
of groynes on movable beds and banks and showed that the 
groyne should be less than 1/3 the width of the river to 

have no effect on opposite bank and the repelling groyne is 
always preferable to an attracting groyne for bank 

protection.

Gupta et al (1969) carried out dimensional analysis, 

for the flow in a curved alluvial river with spurs and 
indicated that the ratio 1/b depends on A (Arc/chord ratio) 
and froude number F. They concluded that the minimum 
spur length required to control a riverloop can be 

determined from the model scour pattern at nose etc. They 
gave an empirical relation 1/b = 0.11 (A/JF) for the 
determination of spur length.

Garde ^t ad (1969) analysed the model data to determine
the criteria for the determination of length of bank
protected by a spur on the basis of dimensional analysis. 
They have shown that the protected length (N) is a function 
of the length (1 ) and inclination ( © ) of the spur, radius
of curvature of stream (R), channel width (B) and opening
ratio ( aC ). They have collected data recommended by 
various research stations and on the analysis of the same, 

they also gave a graphical relation between N/b and R/b for 
design purpose. They recommended that oC should always be



greater than 0.7 so that the spur will interfere with the 
river regime the least. They also recommended that the spur 
should make an angle of 95° to 110° with the bank.

Varshney and Mathur, (1972) have attempted to formulate 
empirical rules for specific case of repelling spur based on 
some field data and dimensional analysis. They gave some 
guidelines for spur location , spur length and orientation 
based on froude number, discharge intensity etc.

Miller _et ad (1983) conducted model studies on a spur 
placed in a flume to investigate parameters utilized in spur 
design. They establish a data base of the pertinent spur 
design parameters from laboratory studies inorder to provide 
guidelines for the use of spurs for bank protection and flow 
control alignment for highway embankments and stream 
crossings. They investigated the relationship between spur 
design parameters of orientation to flow, projected length, 
crest elevation and scour. They found impermeable groynes 
produce the greatest change in scour elevation with spur 
projected length and relative velocity at spur tip increase 

with spur projected length. They also found that length of 
bank protected, scour elevation are always increased with 
spur angle and relative velocity at spur tip reduces with 
increasing spur angle.

CWPRS (1987) undertook the research project "Design 
of Spurs" and conducted laboratory experiments where in the
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performances of spurs under straight reach was studied. 
The results obtained from single spur study indicated that 
the constriction of channel by spur should be restricted to
0.2 of the flow width and single spur provides protection to 
river for 3-5 times its length.

2.2.2 Height of Spurs

Spurs are normally designed for full height upto the 
bank level. If height is kept smaller, they are likely to 
function similar to weirs, causing excessive velocities to 
develop on the face and also on the river bank. Miller et 
al (1983) conducted experiments on submerged and non
submerged spurs and found that the elevated crest 
conditions gave greater local scour at the spur tip than 
did the submerged crest condition. They also found that non 
submerged spur gave more relative velocity at spur tip.

2.2.3 Top Width

The top width of spur should be 3 m to 6 m at

formation level and a free board of 1 m to 1.5 m should be
provided above the highest flood level (HFL). Slopes on 
upstream shank and nose should be 2 H : 1 V and the slope
of downstream face may be 1.5 H : 1 V to 2 H:1V (Fig. 1) as
per standards.
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2.2.4 Spacing Between Spurs

Depending on the purpose, groynes can be used singly or 
in series. The choice of using them in a series arises, if 
the reach to be protected is long. In a straight reach of 
the river, usually a series of spurs are required to provide 
bank protection while in a curved reach the river can be 

trained by a limited number of spurs.

The general practice is to adopt a spacing equal to a 
certain proportion of the length of the groyne {usually 2 to
2.5 times) varying with the width of the river. Mustaq 
Ahmed (1951) carried out experiments in order to find out 
optimum spacing and length of spur dikes for effective 
protection of the bank. T-headed spurdikes were used for 
this study instead of simple straight ones. It was observed 
that a single T-headed spur dike could protect the bank to 
a length of 3-5 times the projection of spur dikes. Further 
he has shown that if two spur dikes are used, the optimum 
spacing should be approximately five times the projection of 
spur dikes. It was also suggested that if the bank to be 
protected is considerably long,more spur dikes with the 
above mentioned spacing could be used.

CWPRS (1987) shows that spur scheme with L/B = 0.2 and 
spacing between spurs as 5 L is more economical for bank 
protection in a straight reach.



Kong et _al (1990) pointed that the economical 
arrangement of groynes may be calculated by which the 
hydraulic contraction ratio of every groyne is equal.

2.2.5 Scour Depth
During heavy floods the bed of the channel around spur 

like structures gets scoured to greater depth,sometimes even 
to the extent of exposing their foundation. One of the 
consideration in the design of foundation of these 
structures is the probable maximum depth of scour. Also the 
launching apron laid around spur dikes as a protection 
against scour, are designed after an estimation of maximum 
scour depth likely to occur around them.

Lacey (1930) was the first to give certain empirical
formulae for determining the depth of scour at different
modifications of an alluvial channel. Lacey's scour depth

%given by D^— 0.47 (Q/f) where Q is the discharge and f is 
the silt factor. Analysis of available data of scour 
depth at the nose of the spurs is generally of the 
order between 2.25 DL - 3.5 DL in case of 1:3 slope.

Many of the investigators namely Khosla et al (1936), 
Inglis H939), Blench (1957) etc. made some modifications 
to Lacey's equation by applying correction factors to it. 
Inglis suggested a scour depth for straight spur dike facing 
upstream ranging from 2.25 to 3.8 DL . Blench proposed
a coefficient ranging from 2 - 2.75 to Lacey's equation for 
the determination of scour depths at spur dike nose.
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Laursen (1953) studied scour around obstruction in a 
channel and proposed a design curve of ds/b against D/b 

based on the experimental data where ds is the maximum scour 
depth and b is the width of the channel. Andru (1956) 

collected all available data on scour depths obtained
from various sources and proposed an equation for scour

'/* Z/y-depth prediction D, (Fb ) = 2.05 q ( where Fb is the bed
factor, is the discharge per foot width of the
contracted section.

Mustaq Ahmed (1951), Garde et al (1961) and Quader
(1982) have conducted model experiments for studying the
effect of discharge intensity, flow concentration and angle
of attack on the scour depth at a spur npse. Following
formula for estimating maximum scour has been proposed 

*(5D,, ■ = k q where D( = depth of maximum scour below maximum 
water level, q( = discharge intensity at the spur 
construction^ = a constant depending up on the flow 
concentration, inclination of spur and angle of attack.

Garde et al (1961) conducted model studies on a spur 
placed at right angle to the flow in a flume dressed with 
sand of 0.29 mm size. The constriction ratio was kept 0.33 
in all experiments while the discharge intensity and depth 
of flow were varied. Considering that the scour around the 
spur is essentially a bed load problem, dimensional
analysis was done and from the experimental data, he
derived the following relationship for a single spur placed



* «• 5 J'aat right angles to flow as Ds/D = 0.03 { T C V/V ) }
where Dj = depth of flow at maximum scour bed, D = average 

flow depth, V = shear velocity V = average flow velocity,
*T * = shear stress.

While studying the effect of constriction ratio on the

scour in the model by varying it from 10 % to 47 %, Garde
et al (1961) further found that for a spur inclined at 90
to the flow and placed in sand of 0.25 mm size, two
parameters viz froude number F and ratio b/B are adequate

for defining the flow and geometry of the spur. Based on
dimensional analysis and experiments results,they derived

& Vjthe relationship: D, / D = K (b/B) F , where K = a constant 
whose value depends on average drag coefficient C of the 
sediment. Graphical representation of this relations is 
shown in Fig. 2 & 3.

Govinda Rao and Sharma, (1965) have given the equation 

db/y = MF/C - P for scour around deflecting spur dikes.
Where db = scour depth measured from bed level, y = 
depth of flow, F = froud number, c = ratio of actual
waterway at the top of spur to the approach water way, P = a 
constant which depends on sediments size.

Rajaratnam ^t al (1983) studied the development of 
clear water scour near simple groyne like structure. They 
conclude that the growth of maximum depth of scour with time

15
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has been found to be similar. Further the characteristics 
of the scour hole in the end state have also been found to 
be similar. They developed simple correlation for 
predicting the maximum depth of clear water scour in the end 
state.

CWPRS (1987) conducted experiments on spurs and found 

maximum scour depth rapidly increases after L/B = 0.16 in
case of perpendicularly placed single spur to a straight 
reach.

2.3 Flow Near Spur and Velocity Distribution around Spur.

If a spur is constructed in the channel, the velocity 
field and pressure field are changed. As the water level 

increases the flow upstream of the spur is restricted, and 
then part of the stream expands suddenly downstream the 
spur. The flow is blocked by the spur and a part flows 
around the spur head, another submerges along the upstream 

surface of the spur changing direction and then flowing by 
the spur head.

France (1968), Dou (1978), Wan (1987) studied the 
flow near groyne like structure and indicated that the 
length of recirculating region increases with the length of 
groyne.

From the experimental results of France (1968) and Wan 
 ̂198 7,1 the length of recirculating region is found to be
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almost independent in the range of 60° - 150°. For less 
than 60° the flow near the bed follows the downstream face 
of the groyne and reducing the mean length of recirculating 

region.

Rajaratnam ^t al (1983) presented the structure of 
turbulent flow near groyne like structures. The disturbed 

flow was analysed by splitting it into a deflected flow 
region and shear layer. The deflected flow condition due to 
spurs have been analysed. He found shear stress 
amplification 'tom/ *£oo varies with b/B.

Rajaratnam et _al (1983) and Lu Yougjun (1988) shows 
that velocity and stress field are scarcedly affected by the 
rate of beam width restriction (L/B).

Lu Yougjun (1988), Lu Yougjun and Zhon Yaoting (1989) 
CiriO studied the flow near unsubmerged groyne like 
structure. They found there exists a mainflow region and a 

complete recirculating region, and studied about the 

recirculating flow region near spurs. Experiments gave a 
result that recirculating flows near spur were of weak 
intensities and were within the relatively dead water.

In addition, they have also studied velocity field near 
the hook groyne and training structure and velocity field 
near redeveloping region behind the groyne by using 
similarity.
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MATERIALS AND METHODS

This chapter describes the materials used and the 
methods employed for achieving the objectives. A model 
study to analyse various design parameters of spurs 
(groynes) was conducted at KERI, Peechi during the months of 
March to September 1994.

3.1 Location

The model study was conducted in the outdoor model area 
of hydraulic division No.II of KERI, Peechi in Trichur
district of Kerala. The place is situated at 10° 26' North 
latitude and 76°24' East longitude.

3.2 Model

A distorted type 3D river model of Aranmula water
stadium in Pamba river was selected for the study. it was
constructed in the outdoor model area of KERI, Peechi for
I

erosion studies in Pamba river. The sides of the model were 
made with clay and the river bed was formed rigid as well 
as mobile condition according to the objectives of the
study. Inlet and outlet regulating shutters were provided 
for controlling discharge and depth of flow respectively. 
The details of the model set up are shown in Fig.4. The 
shaded portion in the Fig.4 was selected as the test section 
for the present study. It measures a length of 8.50 m, depth 
0;. 4 m and width varying from 1.60 to 2.60 m. The study was



a. Inlet regulating shutter
b. Honey combed baffle wall
c. Inlet chamber
d. Gauge well
e. Cipolleti weir
f. Honey combed half brick wall
g. Stilling pond
h. Tail water regulating 

shutter

All dimensions?in cm
5, DETAILS OF THE MODEL (NOT TO SCALE)
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aimed at comparing different design parameters of spurs such 
as length, angle, spacing, etc. for different discharges and 
to obtain suitable values for design parameters at the test 
section. Three discharge rates were chosen as 14.14 lps, 
28.28 lps and 42.42 lps from the flood details of the river 
and the availability of water at the experiment site. From 
theoretically prepared rating curve at c/s 7 downstream of 
the test section, depths of flow corresponding to discharges 
chosen were computed as 4.00 cm, 6.10 cm and 7.80 cm 
respectively at that cross section. The over all picture of 
the model under study is given in Plate 1.

3.3 Model scale

The experimenter connected with model study is usually 

confronted with four availables: (a) time, (b) space,
(c)money and (d) water supply while selecting scale ratios 
for models. In nature when the size of the stream is small, 
depths increase', relatively in proportion to widths/which is 
nature’s way of maintaining turbulance. To conform with 
this, river models are made with vertical scales larger than 

horizontal scales. It is useful in getting accuracy in 
vertical measurement, shortening of model test times, high 
flow velocities in a model, etc. In practice, models of 
rivers are being designed to scale ratios of horizontal 
dimensions not much larger than 1:100 and not much smaller 
than 1:200. The ratios of vertical dimensions are not much 
larger than 1:50 and not much smaller than 1:150.
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The model selected in the present study was constructed 
with a horizontal scale 1 in 100 and vertical scale 1 in 50 
with giving considerations to above facts.

i.e. Horizontal scale ratio Lr =(L proto)/(L model) = 100
Vertical scale ratio =(D proto)/(D model) = 50

As the model satisfies Froude1s law, velocity 
ratio Vr=̂ g'rDr =^'r " Since the value of "g" is same for both 
prototype and model. Therefore J"50 =7.0 71.

Discharge ratio = (Qproto)/(Q model) X V )/(Am X V^)

= (L X D 1,5 )/(Lm X D^ 1 ‘5 ) = 35355.33
Time ratio T = T /T = L / V  = L /f]D = 14.14 2r p/ m r' r r * r

3.4 Spur model

The spurs used in the model were of 'Anjhily-' wood 
planks of thickness 3mm and projected lengths of 25cm, 35cm, 
45cm and 55cm. Different lengths of spurs were computed
from the relation (B-L)/B ̂  0.7 with a wiew that it will
not affect much in the opposite bank.

The spur nose was rounded and the height selected was 
25cm sufficient to project well above the water surface. The 
spur orientation selected were 90° , 100°,, 11'Oj0 ‘ and d;20o 
downstream with the bank. The details of the spur models 
tested are shown in Fig. 5. The spur model was fixed at
c/s 2 on the right bank of the model with a view that the
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entrance effects didnot extend upto this distance and 
sufficient length of bed downstream of the spur model was 
given to contain the scour pattern.

In the multiple spur study perpendicularly placed spurs 
(two in series) of length 25cm, 35cm, 45cm and 55cm with 
spacing of 2L,3L,4L and 5L have been investigated.

3.5 Discharge Measurement

A Cipoletti weir was used to regulate the model 
discharge. It was fitted at the end of the inlet chamber so 
that by measuring the head of water over the weir, the 

discharge could be calculated.The head of water over the 
weir was measured by a standard hook gauge fitted in a 
gauge well which is at a small distance upstream of the 
weir. Before the start of the experimental study, 
calibration of weir was made and heads of water over the 
weir corresponding to various discharges chosen were 
maintained according to the calibration curve of the weir. 
The head discharge relationship obtained is given in Fig.
6 . A view of the cipolleti weir and the cipolleti weir as 
used in the model for flow measurement are shown in Fig.7 
and Plate 2 respectively.

3.6 Supply of Water into The Model

Water is supplied from the dam reservoir near the 
experiment site through a controlled supply line and a
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Plate 2 Measurement of flow using Cipolleti weir
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flume. The quantity of water required to maintain each 
discharge is admitted into the inlet chamber of the model by 
adjusting inlet regulating shutter. Honey combed baffle 
wall at the inlet chamber entry distributed the flow 
uniformly over the entire width of the chamber and also 
helped in dissipating the excess energy of the flow. Water 
then passes over the cipollti weir and dropped into the 
stilling pool and then let into the model as could be seen 
in Fig. 4.

3.7 Preparation of Stage Discharge Curve

In case of river models, a stage discharge 
relationship for the full range from the minimum discharge 
to the maximum was required for proving the model. So 

depths of flow corresponds to each discharge used in the 

study were found at c/s 7 which is near to downstream of the 
test section. It was computed by preparing stage discharge 
curve theoretically at that cross section from the model 
dimensions. The depth of flow according to the stage 

discharge curve prepared was maintaineed by lowering or 
raising the water regulating shutter. The stage discharge 
curve prepared at c/s 7 is shown in Fig. 8.

3.8 Flow Pattern Observation

In the flow pattern observation, pearls were used as 
floats throughout the experimental study. Flow patterns 
were observed by putting pearls in a cross section " X "
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upstream of the test section at equal distances of 25 cm 
from left bank and noting the distance from the left bank 
through which the pearls passes in the subsequent cross 
sections. Mild steel anglers were marked and placed at each 
cross sections, so that the distance through which the 
pearls passes in each cross sections could be noted. With 
these data, flow patterns at each experiment condition could 
be plotted. The experiment setting for flow pattern 
observation is shown in Plate 3.

3.9 Measurement of Velocity

The velocity is measured using a pigmy water current 
meter fitted with a counter. It is small sized one with a 
single revolution contact box. It is used specially for 
measuring flow of water in shallow streams, irrigation 
channels etc. where the velocity and depth are insufficient 
for obtaining measurements with large meters. Velocity 
measurements were taken at 0.6 D depth at various cross 

sections along and across the model where D is the depth of 
the flow at the measuring section. Locations of measuring 
stations is as shown in Fig 9. Number of revolutions for 30 
seconds is noted at each point of measurement and hence the 
number of revolutions per second could be calculated. 
Observations should be repeated at least three times at a 
point to get average velocity. Velocity of flow is 
computed from the rating equation V = 0.3371 N where N is 
the number of revolutions per second. The details of the
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FIG. 9 LOCATION OF MEASURING STATIONS FOR VELOCITY MEASUREMENT 
FOR (a) SINGLE SPUR (b) MULTIPLE SPUR SCHEME
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current meter is shown in Plate 4. The current meter as
used in the model for velocity measurement is shown in
Plate 5.

3.10 Measurement of Scour and Water Depth

A point gauge mounted on a movable rectangular frame 
2.5 m length and 0.3 m wide was used for measuring cross 
sectional bed profile data as well as water depth at various 

cross sections. The gauge can be moved along the length of 
the frame and measurement per 12.5 cm distance interval
near the spur model could be made. The frame is placed over
the model and depth of bed at measuring points is noted

before the introduction of spurs. After allowing water flow 

for 2-4 hours with spur placed in the model, the depth of

bed below the initial level is again measured. So that 
scour or deposition can be noted. A stationary gauge was 
placed at c/s 7 and was used to measure water surface
elevation when setting and measuring water surface
elevation at that section.

3.11 Null Point Determination

When water strikes the bank there is the possibility of 
the bank being eroded. The position of the null point which 
is defined as the point where the jet of water flowing 
through the contracted area hit the side wall on the spur 
side, therefore, is of considerable practical importance in 
the protection of the bank from erosion. This position
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will also throw some light on the desirable and safe
distance between two spurs. So when scour reached

equalibrium condition, the null point was located by
dropping potassium permanganate solution at different 
points along the side wall. At a certain point the coloured 
solution neither moved upstream nor downstream. However
this point was fluctuating and it was very difficult to 
locate it accurately.

3.12 Sediments

A well graded sand of size D5Q = 0.57 mm and
specific gravity 2.48 was used in the mobile bed study. 

The mean diameter of the sand was determined by sieving 

through 2.36 mm, 1.18 mm, 0.6 mm, 0.15 mm &0.075 mm sieves 
and plotting grain distribution curve. The specific
gravity of the sand was determined with the help of a 
pycnometer.

3.13 Rigid Bed Study

River bed of the model was formed as rigid condition 
by cement plaster. A slope of 1 in 525 was given to the 
bed profile for maintaining flow of water through the model. 
The over all view of the model at rigid bed condition is 
shown in Plate 6.
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3.13.1 Single Spur.

First of all the water was let into the model without 
spur for the desired discharge. Tailwater has been adjusted 
by keeping the required depth of water in c/s 7 as obtained 
from rating curve prepared for that cross section. After 
the flow of water was stabilized with rigid bed of the 

model, flow pattern and velocity distribution have been 

observed by using pearls as floats and current meter 
respectively. Water depths were measured by using point
gauges. Similar observations were also made for other 

discharges . Again experiments were conducted with spur
models placed in the test section to see the velocity 
distribution and flow pattern under varying spur lengths and 
spur angles for three different discharges. The details of 
the experiments are given in Table 1. In all 51 runs were
made. From the data collected, effect of different spur
configurations on velocity distribution and flow pattern 
were obtained.

3.13.2 Multiple Spurs

Rigid bed study was also conducted for multiple spurs 

(two in series) with different spacings. Perpendicularly 
placed spurs were only used in this study. The details of 
the experiments are given in Table 2. in all 48 runs were 
made. The effect of different spur lengths with different 
spacings on velocity distribution and flow pattern were 
obtained from these studies.
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Table  1. D e t a i l s  o f  e x p e r im e n t s - r i g id  bed and s i n g l e  spur

S I .  Experiment D ischarge  Spur Spur Remarks
No. s e r i e s  ( l p s )  l e n g th  an g le

1 a l 14.14
2 a2 28.28
3 a3 42.42
4 a4 14.14
5 a5 28.28
6 a 6 4 2.42
7 a7 14.14
8 a8 28.28
9 a9 42.42

10 . alO 14.14
11 a l l 28.28
12 al2 • 42.42
13 a l3 14.14
14 a 14 ' 28.28
15 a l5 42.42
16 a l6 14.14
17 a l7 28.28
18 a l8 42.42
19 a l9 14.14
20 a20 28.28
21 a21 42.42
22 a22 14.14
23 a23 28.28
24 a24 42.42
25 a25 14.14
26 a26 28.28
27 a27 42.42
28 a28 14.14
29 a29 28.28
30 a 30 4 2.42
31 a31 14.14
32 a 32 28.28
33 a33 42.42
34 a34 14.14
35 a35 28.28
36 a3 6 42.42
37 a37 14.14
38 a38 28.28
39 a39 42.42
40 a4 0 14.14
41 a4 l 28.28
42 a42 42.42
43 a43 14.14
44 a44 28.28
45 a45 42.42
46 a46 14.14
47 a47 28.28
48 a48 42.42
49 a49 14.14
50 a 50 28.28
51 a51 42.42

Experiments 
w ithout  spur

25 90
25 90
25 90
25 80
25 80
25 80
25 70
25 70
25 70
25 60
25 60
25 60
35 90
35 90
35 90
35 80
35 80
35 80
35 70
35 70
35 70
35 60
35 60
35 60
45 90
45 90
45 90
45 80
45 80
45 80
45 70
45 70
45 70
45 60
45 60
55 60
55 90
55 . 90
55 90
55 80
55 80
55 80
55 70
55 70
55 70
55 60
55 60
55 60



Table 2. Details of experiments-rigid bed and multiple spurs
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SI. Experiment Discharge Spacing bet. Remarks
No. series (lps) spurs(cm)

1 Si 14.14 50
2 S2 28.28 50
3 S3 42.42 50 Spur length
4 S4 14.14 75
5 S5 28.28 75 L=25cm
6 S6 42.42 ■ 75
7 S7 14.14 10 0
8 S8 28.28 100
9 S9 42.42 10 0
10 S10 14.14 125
11 Sll 28.28 125
12 S12 42.42 125
13 513 14.14 70
14 S14 28.28 70
15 S15 42.42 70 Spur length16 S16 14.14 105
17 S17 28.28 105 L=35cm18 Sl8 42.42 105
19 S19 14.14 140
20 S20 28.28 140
21 S21 42.42 140
22 S2 2 14.14 |17523 523 28.28 175
24 S24 42.42 175
25 S25 14.14 90
26 S26 28.28 90 1
27 S2 7 42.42 90 Spur length28 S28 14.14 135
29 S29 28.28 13 5 L=45cm30 S30 42.42 135
31 S31 14.14 18032 S32 28.28 180
33 S3 3 42.42 180
34 S34 14.14 225
35 S3 5 28.28 225
36 S3 6 42.42 225
37 S37 14.14 110
38 S38 28.28 11039 S39 42.42 110 Spur length40 S4 0 .14.14 16541 S41 28.28 165 L=5 5 cm42 S42 42.42 16543 S43 ■ 14.14 220
44 S44 ' 28.28 22045 S45 . 42.42 220
46 54 6 14.14 2 7547 S47 28.28 2 75
48 S48 4 2.42 2 75



Plate 7 View of the model at mobile bed condition
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3.14 Mobile bed study

River bed of the model was formed as mobile condition 
by a well graded sand of size D = 0.57mm with 15 cm
thickness . A slope of 1 in 525 similar to the rigid bed 
condition was given to the bed profile. An overall view of 
the model at mobile bed conditon is shown in Plate. 7.

3.14.1 Single Spur

Before the beginning of each run the sand bed was 
levelled by means of a wooden template to give an 
approximate predetermined slope of 1 in 525. The desired 

discharge was then allowed to flow through the model by 
opening the inlet regulating shutter slowly so that the 

sand bed was not disturbed. The tailwater regulating 
shutter was carefully adjusted to get the desired depth of 
flow in the model at c/s 7 corresponding to the discharge 
used. Then water was allowed to flow for two or three 

hours during which time the bed of the model adjusted itself 
to the condition of the flow. When a stable flow condition 
was attained readings of the water surface and bed surface 
were taken at various cross sections along the model.

Then the spur model was introduced in the model at 
c/s 2 which is fixed as spur location. When scour reached 
equilibrium condition, the null point was located by 
dropping potassium permanganate solution.

The flow was then slowly stopped and tailwater



regulating shutter was lowered to drain the water in the 
model without disturbing the scour pattern. Point gauge 

readings of the bed around the spur dike were taken along 
and across the model with respect to initial bed level. So 
that scour or deposition can be noted. Maximum scour depth 
in front of each spur was also recorded. With the data
collected, countour maps of the scoured bed around the spur

dike could be plotted. Plate 8 shows scour pattern 
obtained after experiment run.

Then bed of the model was again levelled to give same
slope as mentioned above and similar experiments were

conducted with different spur lengths and spur angles, but 
with same discharge. After the study with this discharge, 
another two sets of experiments were conducted for other 
discharges. The details of the experiments with mobile bed 

condition are given in Table 3. in all 51 runs were made. 

The effect of different spur lengths and spur angles on 
scour pattern were obtained from these studies.

3.14.2 Multiple Spur.

Mobile bed study was also conducted for multiple spurs 
to find optimum spacing. The same procedure as in the case 
of single spur study was adopted. The details of the 
experiments are given in Table 4. In all 27 runs were made. 
The effect of different spur length with different spacings 
on scour pattern were obtained from these studies. Plate 9

shows scour pattern obtained with multiple spur scheme after 
experiment run.



Plate 9 Scour pattern around multiple spurs



Tabie 3.' Details of experiments-mobile bed and single spur
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SI .  Experiment ■ D ischarge  Spur Spur Remarks
No. s e r i e s  ( l p s )  l en g th  an g le

1 b l 14.14
2 b2 28.28
3 b3 42.42
4 b4 14.14
5 b5 28.28
6 b6 42.42
7 b7 14.14
8 b8 28.28
9 b9 42.42

10 blO 14.14
11 b l l 28.28
12 bl2 42.42
13 b l3 14.14
14 bl4 28.28
15 b l5 42.42
16 bl6 14.14
17 bl7 28.28
18 bl8 42.42
19 b l9 14.14
20 b20 28.28
21 b21 42.42
22 b22 14.14
23 b23 28.28
24 b24 42.42
25 b25 14.14
26 b26 28.28
27 b2 7 42.42
28 b28 14.14
29 b29 28.28
30 b30 42.42
31 b31 14.14
32 b32 28.28
33 b3 3 42.42
34 b34 14.14
35 b3 5 28.28
36 b36 42.42
37 b37 14.14
38 b38 28.28
39 b39 42.42
40 b40 14.14
41 b41 28.28
42 b42 42.42
43 b43 14.14
44 b44 28.28
45 b45 42.42
46 • b46 14.14
47 b47 28.28
48 b48 42.42
49 b4 9 ■ 14.14
50 b50 28.28
51 b51 42.42

Experiments 
w i thou t  spur

25 90
25 90
25 90
25 80
25 80
25 80
25 70
25 70
25 70
25 60
25 60
25 60
35 90
35 90
35 90
35 80
35 80
35 80
35 70
35 70
35 70
35 60
35 60
35 60
45 90
45 90
45 90
45 80
45 80
45 80
45 70
45 70
45 70
45 60
45 60
55 60
55 90
55 90
55 90
55 ■ 80
55 80
55 80
55 70
55 70
55 70
55 60
55 60
55 60
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Table 4. Details of experiments-Mobile bed and multiple spurs

SI.
No.

Experiment
series

Discharge
(lp&)

Spacing bet. 
spurs(cm)

Remarks

1 Tl 14.14 50
2 T2 28.28 50
3 T3 42.42 50 Spur length
4 T4 14.14 75
5 T5 28.28 75 L=25cm
6 T6 42.42 75
7 T7 14.14 10 0
8 T8 28.28 100
9 T9 42.42 10 0

10 T10 14.14 125
11 Til 28.28 125
12 T12 42.42 125
13 T13 14.14 70
14 Tl4 28.28 70
15 T15 42.42 70 Spur length
16 T16 14.14 105
17 T17 28.28 105 L=35cm
18 T18 42.42 105
19 T19 14.14 140
20 T20 28.28 14 021 T21 42.42 140
22 T2 2 14.14 175
23 T23 28.28 175
24 T24 42.42 175
25 T25 14.14 90
26 T26 28.28 90
27 T2 7 4 2.42 90 Spur length28 T28 14.14 13529 T29 28.28 13 5 L=45cm30 T30 42.42 135
31 T31 , 14.14 18032 T32 28 .28 180
33 T3 3 42.42 18034 T34 14.14 225
35 T3 5 28.28 225
36 T36 42.42 225
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RESULTS AND DISCUSSIONS

The results of study conducted are discussed in detail 
xn thxs chapter. The analysis of different design parameters 
of spurs with rigid bed as well as mobile bed conditions are 
explained. Selection of suitable spur length, spur angle and 
spur spacing for the test section are also described.

4.1 Rigid bed experiments

4.1.1 Single Spur

Experxments were conducted on a rigid bed in order to 
see the flow pattern and velocity distribution under varying 
spur length, spur angle and discharge rate as explained in 

chapter 3.13.1. Initially data were taken without spur in 
the test section for discharge rates 14.14 lps, 28.28 
lps and 42.42 lps. Following this, analysis of various 
design parameters like spur length, spur angle were done for 
the three discharge rates mentioned above. It was done by 

placxng spur models of different projected lengths of 25 cm, 
35 cm, 45 cm, and 55 cm with different spur angles of 90°, 
100°, 110° and 120° in the test section. Detailed analysis 

of collected data and the results so obtained are presented 
below under various sub headings.

4.1.1.1 Flow pattern data

Data on flow pattern in the test section was collected 
from the model by dropping floats in an upstream cross



section 'X1 for the three discharge rates 14.14 lps, 28.28 
lps and 42.42 lps. From these data, flow patterns at each 

experiment condition were plotted and are presented in 
Fig. 10 to 26.

From the analysis of flow patterns obtained with each 
spur configuration, it was observed that the flow 
concentration at the spur tip increased with the increase in 
spur length and it decreased with the increase in spur 
angle. However the flow concentration vary significantly 
with the increase of spur angle in the case of spur model 
with the length 55 cm. This may be probably due to the fact

that there is considerable increase in the angle of attack
of the flow with the increase in spur angle.

Another trend observed from the figures is that the 
flow diversion to the opposite bank increased with 
increasing spur length. The same trend was observed with the 
increase in spur angle which may be because, greater the 

spur angle greater is the extent to which the flow gets 
diverted after striking the spur. However it was observed
that the spur length of 25 cm did not bring about a
considerable effect on flow diversion with increase in spur 
angle. This is evident from the comparison of Fig. 10 and 
Fig. 11, 15, 19, 23. This may be due to the fact that the 
constriction is getting reduced as the spur angle increases, 
it is not sufficient enough to produce noticeble effects on 
flow diversion.
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£ All dimensions in cm
Scale 1:54

(c)
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H-------- 1—  --------- -̂------- <----------1_______  i______ .
o \-at» -3*10 sso feat! 5sS isb

Fig. 11. Flow pattern for single spur (L=25 an,© =90®) for
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. So ' _ sit, So ^Fag. 12. Flow pattern for sangle spur (L=35 an, ® =90°) for
discharge rates (a)14.14 lps (b)28.28 lps (c)42.42 lps
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Scale 1:54
■»

t-------- >-----------1---------1---  i____________   i_© lg.0 SW 310 530 £15
Fig. 13. Flow pattern for single spur (L=45 cm,®- =90°) for

discharge rates (a)14.14 lps (b)28.28 lps (c)42.42 lps
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(c)

discharge rates (a)14.14 lps (b)28.28 lps (c)42.42 lps



(a)
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■>

Fig. 15. Flow pattern for single spur (L=25 an,® =100°) for
discharge rates (a)14.14 lps (b)28.28 lps (c)42.42 lps
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l b )

Fig. 16. Flow pattern for single spur. (L=35 c m , =100°) for
discharge rates (a)14.14 lps (b)28.28 lps (c)42.42 lps
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Scale 1:54

Fig. 17. Flow pattern for single spur (L=45 an,® =100°) for
discharge rates (a)14.14 lps (b)28.28 lps (c)42.42 Ids
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Scale 1:54
■>

Fig. 18. Flow pattern for single spur (L=55 cm,© =100°) for
discharge rates (a)14.14 lps (b)28.28 lps (c)42.42 lps



(a)

Pig. 19. Flow pattern for single spur (L=25 cm,® =110°) for
discharge rates (a)14.14 lps (b)28.28 lps (c)42.42 lps
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All dimensions in cm 
Scale 1:54



61

7

Fig. 23. Flow pattern for single spur (L=25 cm,$ =120°) for
d is c harge r a te s  fa 114 14 Inc 9R i T̂C3 ( /-*} A O A “~> 1
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Fig. 25. Flew pattern for single spur (L=45 an,<& =120°) for
discharge rates (aU4.14 lps (b)28.28 lps (c)42.42 lps
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\ex
Pig. 26.

5 3 o WoPlow pattern for single spur (L=55 cm,© =120°) for
discharge rates (a)14.14 lps (b)28.28 lps (c)42.42 lps

- v -
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Another observation evident from the flow pattern is 
the effect of spur projected length on the length of bank 

protected downstream of the spur tip. The observation of 

flow pattern obtained in all cases indicate that the length 
of bank protected by the spurs always increases with 
increasing spur length regardless of spur angle. Thus from 
the analysis of flow pattern at each experiment condition on 
the rigid bed/ it can be observed that spur design 
parameters like spur length and spur angle do have 

significant effect on the length of the bank protected, flow 
diversion etc. From the observations a spur length ranging 
between 25 cm and 55 cm and at angle ranging from 90° to 
110° downstream with the bank was found to give desirable 

results, as it maintains considerable length of the bank 
protected and on the other hand does not give so much of 
flow diversion as to have damaging effects on the opposite 
bank. As the results obtained are of highly system dependent 
and of qualitative nature, case to case analysis is a 

precondition for applying the above results for other 
similar situations.

4.1.1.2 Velocity data

Data on velocities at measuring points along and across 
the test section were collected from the model by using a 
pigmy water current meter. From the velocity data obtained 
with different spur configurations, effect of spur angle on 
velocities at opposite bank was studied by comparing these
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velocities with those obtained without spur. Velocity data 

at a point near left bank in c/s 3 was found to be 
affected more by the attack of flow , and thus was taken for 
plotting purposes.

Figures 27, 28 and 29 present graphs showing percentage 
increase in velocities at the opposite bank versus 
cos (180 - ©) for the discharge rates 14.14 lps, 28.28 lps 
and 42.42 lps respectively where © is the the angle made 
by spur downstream with the bank. It can be seen from these 
figures that percentage increase in velocity at opposite 
bank shows an increasing trend with spur angle. As indicated 
earlier in the case of flow patterns, there is greater flow 
diversions for higher angles, which may be the obvious 
reason for the indicated higher velocities. However for spur 
angle as high as 120°, the percentage increase in velocity 

found to be deviating from the increasing trends. This may 
be probably due to the fact that for higher angles, the flow 
near the bed follows the downstream face of the groyne and 
the flow continues along the bank. The graphs also indicate 
the fact that the percentage increase in velocities- at 
opposite bank is lesserj for 90 ° spur angle for all spur 
lengths and discharge rates tested. Hence spur angle of 90° 
may be considered suitable for the test section. The data 
on velocity at the opposite bank with various spur angle are 
presented in Appendix-I.
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In order to find suitable ratio of length of spur to 

width of the channel at spur location ( L/B ratio ) at spur
angle 90°, effect of spur length on velocities at the

opposite bank were compared with those velocities obtained
without spur. Figure 30 shows a graph of percentage
increase in velocity at opposite bank versus L/B ratio. It 
can be seen from the figure that slope of the curve becomes 

steeper for L/B greater than 0.19. This observation is 
found similar for all discharge rates tested in this study. 
This means that L/B greater than 0.19 causes a velocity that 
has an erosive effect on the opposite bank. This finding is 
found to be coherent with that made by CWPRS(1987). The 
data on velocities at opposite bank for different L/B ratios 
are presented in the Appendix-I.

Thus from the analysis of velocity distribution at each 
spur configurations, it can be seen that spur model with 
L/B = 0.19 and angle © =  90° is found suitable for the test 
section under present study.

In order to find the extent of protection given to the 
bank by the provision of a single spur, velocities for 

measuring grid with each spur configurations were taken and 
are presented in Fig. 31 to 47. it can be seen from these 
figures that the length of bank protected increased with the 
increase in spur length. But length of bank protected 
remained independent of spur angle. This may be probably due 
to the fact that the effect of greater flow diversion
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Fig. 27. Effect of spur angle on velocity at opposite bank for
a discharge of 14.14 lps.
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Fig. 28. Effect of spur angle on velocity at opposite bank for
a discharge of 28.28 lps.
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Fig. 29. Effect of spur angle on velocity at opposite bank for
a discharge of 42.42 lps.
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Fig. 30. Effect of spur length on velocity at opposite bank 
(spur angle =90°)
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Velocity 1 cm = 55 cm/sec 
Length 1 cm = 54 cm

Fig. 31. Velocity grid without spur for discharge rates
(a) 14.14. lps (b) 28.28 lps (c) 42.42 lps.
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t

Fig. 32. Velocity grid along single spur (L=25 an, © = 90°Jfor
discharge rates (a)14.14 lps (b)28.28 lps (c)42.42 lps
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Velocity 1 cm = 55 cm/sec 
Length 1 cm = 54 cm

Fig. 33. Velocity grid along single spur (L=35 cm, © = 90°)for v
discharge rates (a)14.14 lps (b)28.28 lps (c)42.42 lps
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Velocity 1 cm = 55 cm/sec ' 
Length 1 cm = 54 cm

<2.0 3*0 3̂ 0 S2S> (30

Fig. 34. Velocity grid along single spur (L=45 cm, O = 90°)for
discharge rates (a)14.14 lps (b)28.28 lps {c)42.42 lps
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Length 1 cm = 54 cm

mo RIO 310 530 feSO
Fig. 35. Velocity grid along single spur (L=55 cm, S = 90°)for

discharge rates (a)14.14 lps (b)28.28 lps (c)42.42 lps

qso

t
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Length 1 cm = 54 cm

120 2*0 a'To £30 iS o Êo g5Q
Fig. 36. Velocity grid along single spur (L=25 an, © =100°)for

discharge rates (a)14.14 lps (b)28.28 lps (c)42.42 lps
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Length 1 cm ■= 54 cm

  L  1   .
'S.0 .310 530 63o 1* 5 0

F g. 37. Velocity grid along single spur (L=35 cm, © =100°)for
discharge rates (a)14.14 lps (b)28.28 lps (c)42.42 lps -
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Length 1 cm = 54 cm

Fig. 38. Velocity grid along single spur (L=45 an,© =100°)for
discharge rates (a)14.14 lps (b)28.28 lps (c)42.42 lps
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l
a IRo

Fig. 39.
■54o 610 ssto

Velocity grid along single spur (L=55 cm, © =100°)for
discharge rates (a)14.14 lps (b)28.28 lps (c)42.42 lps

'SSD
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Length 1 cm = 54 cm

\

Fig. 40. Velocity grid along single spur (L=25 cm,® =110°)for
discharge rates (a)14.l4 lps (b)28.28 lps (c)42.42 lps
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Velocity 1 cm = 55 cm/sec 
Length 1 cm = 54 cm

-------------------------1--------------    *------------------------------ *----------------------------- 1___________________ i______________________ 1____________________,
' 'fco -1*0 3^0 S3o 43o

Fig. 41. Velocity grid along single spur (L=35 cm,& =llO°)for
discharge rates <a)14.14 lps (b)28.28 lps (c)42.42 lps
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Velocity 1 cm = 55 cm/sec 
Length 1 cm = 54 cm

Fig. 42, Velocity grid along single spur (L=45 cm, S =110°)for
discharge rates (a)14.14 lps (b)28.28 lps (c)42.42 lps
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Velocity 1 cm = 55 cm/sec 
Length 1 cm = 54 cm

(-------------------------------1----- :------------------------------- * ------------------------------ 1------------------------------ 1___Li_______________L i_______________- - T.o  ̂ S3t: ■' tap" iRid

Fig. 44. Velocity grid along single spur (L=25 cm,© =120°)for
discharge rates (a)14.14 lps (b)28.28 lps (c)42.42 lps
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Velocity 1 cm = 55 cm/sec 
Length 1 cm = 54 cm

Fig. 46. Velocity grid along single spur (L=45 cm,® =120°)for
discharge rates (a)14.l4 lps (b)28.28 lps (c)42.42 lps
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Velocity 1 cm = 55 cm/sec 
Length 1 cm = 54 cm



achieved by greater spur angles is compensated by the 
reduction in constriction of the channel.

4.1.2 Multiple spur experiments

Experiments were conducted on rigid bed to analyse 
design parameters of spurs such as length, angle and spacing 
as explained in chapter 3.12.2. It was done by placing spur 
models of different lengths viz, 25 cm, 35 cm, 45 cm, and 55

f* r r
cm with different spacings of 2L, 3L,^-4L and 5L where L is
the length of spur model under study.

Data on flow pattern and velocity distribution in the
test section were collected from the model as same as in 
single spur study. From flow patterns plotted (Fig.48 to 63) 

with collected data, it was observed that the length of bank 

protected increased with the increase in spur spacing. It 
was also observed that spurs with 2L spacing function as a 
single spur only, since almost all of flow diversion is 
effected by the first spur itself. It can be seen from 
comparison of figures 11,15,19,23 with figures 47,51,55,59.

Another trend observed from the figures is that the ■ 
effect of second spur on flow diversion increased with the
increase in spur spacing. It may be due to the fact that as 
the flow diverted from the first spur , it reaches the 
vicinity of the second spur with larger spacings .



But contrary to the general trend, it was observed that
when the spacing is 5L, the diverted flow from the second
spur is getting attracted towards the downstream bank after 
a short distance. This is entirely due to the typical bend
of the model under study.

Inorder to analyse the extent of bank protection 
achieved by provision of spurs as well as to study the 

increase in velocity at opposite bank, velocities for 
measuring grid along multiple spurs were taken and are 

presented in Fig.64 to 79. It can be seen from these figures 
that the reduction in velocities along the affected bank 
were increased with spur length and spur spacing. It is 
probably because of greater spur length and spur spacing 
causes greater constriction of the channel and this effect 
is multiplied by providing spurs with greater spacing.

By analysis of these figures, it can also be seen that 
velocity at opposite bank increased with increasing spur 
length as well as spur spacing. But velocity of flow at a 
point near the opposite bank against first spur is 
independent of positioning of the second spur. From the 
analysis of velocities at downstream points near left bank, 
it can be seen that velocities increased with increse in 
spur spacing. This increment is evident in the case of
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(a<)

Scale 1:54

t—o>  i__

Fig. 48,
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Flow pattern for multiple spur scheme (L=25 cm,spacing=2L
for discharge rates (a)28.28 lps(b)42.42 lps
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Fig. 49. Flow pattern for multiple spur scheme (L=25 cm/spacing=3L)
for discharge rates (aj28.28 lps (fc>)42.42 lps
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All dimensions in cm 
Scale 1:54
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Fig. 50. Flow pattern for multiple spur scheme (L=25 cm,spacing=4L)
for discharge rates (a)28.28 lps Qp)42A2 lps
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Fig. 51. flow pattern for multiple spur scheme(L=25 cm,spacing =5LJ
for discharge rates (a)28.28 lps (b)42.42 lps
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Fig. 52. flow pattern for multiple spur scheme(L=35 an,spacing =2L)
for discharge rates (a)28.28 lps (b)42.42 lps
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Fig. 53. Flow pattern for multiple spur scheme(L=35 cm,spacing =3L)
for discharge rates (a)28.28 lps (b)42.42 lps
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Fig. 54. Plow pattern for multiple spur scheme(L=35 cm,spacing =4L)
for discharge rates (a)28.28 lps (b)42.42 lps
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Fig. 55. Flow pattern for multiple spur scheme (L=35cm, spacing =5L)
for discharge rates (a)28.28 lps (b)42.42 lps
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Fig. 57. Flow pattern for multiple spur scheme (L=45 cm,spacing =3L)
for discharge rates (a)28.28 lps (b)42.42 lps
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Fig. 58. mow pattern for multiple spur scheme (L=45 on.spacing =4L)
for discharge rates (a)28.28 lps (b)42.42 lps
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Fig. 59. Flow pattern for multiple spur scheme (L=45 cm,spacing =5L)
for discharge rates (a)28.28 lps (b)42.42 lps
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Fig. 60. Flow pattern for multiple spur scheme (L=55 an,spacing =2L)
for discharge rates (a)28.28 lps (b)42.42 lps
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Fig. 61.-Flow pattern for multiple spur scheme (L=55 cm,spacing =3L)
for discharge rates (a)28.28 lps (b)42.42 lps
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All dimensions in cm 
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Fig. 62. Flow pattern for multiple spur scheme (L=55 cm,spacing =4L)
for discharge rates (a)28.28 lps (±5)42.42 lps
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Scale 1:54

Fig. 63. Flow pattern for multiple spur scheme (L=55 cm,spacing =5L)
for discharge rates (a)28.28 lps (h)42.42 lps
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Fig. 64. Velocity grid along multiple spur scheme (L=25cm,spacing=2L) % °
for discharge rates (a) 14.14 lps (b)28.28 lps (c)42.42 lps



108

Length 1 cm = 54 cm

(SjD -3 “Id S-3o fer®o Ŝo fisb
Fig. 65. Velocity grid along multiple spur scheme <L=25cm,spacing=3L)

for discharge rates (a)14.14 lps (b)28.28 lps (c)42.42 lps
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Length 1 cm = 54 cm v

i*o .*40 2.10 Ŝ O — * fcab ^  Mkt)
Fig. 66. Velocity grid along multiple spur scheme (L=25on,spacing=4L)

for discharge rates {a)14.14 lps (b)28.28 lps (c)42.42 lps
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Fig.'67. Velocity grid along multiple spur scheme (L=25an,spacing=5L)
I for discharge rates (a)14.14 lps (b)28.28 lps (c)42.42 lps
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Velocity 1 cm = 55 cm/sec 
Length 1 cm = 54 cm
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Fig. 68. Velocity grid along multiple spur scheme (L=35cm,spacing=2L)

for discharge rates (a)14.l4 lps (b)28.28 lps (c)42.42 lps
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Velocity 1 cm = 55 cm/sec 
Length 1 cm = 54 cm

o t W> S30 tao fidTo
Fig. 69. Velocity grid along multiple spur scheme (L=3 5 an,spacinq=3L)

for discharge rates (a)14.14 lps (b)28.28 lps (c)42.42 lps
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Fig. 70. Velocity grid along multiple spur scheme (L=35 cm,spacing=4L)

for discharge rates (a)14.14 lps (bJ28.28 lps (c)42.42 lps
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Fig. !71. Velocity grid along multiple spur scheme (L=35 on,spacirig=5L)
for discharge rates (a)14.14 lps (b)28.28 lps (c)42.42 lps
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Velocity 1 cm = 55 cm/sec 
Length 1 cm = 54 cm

iso _i_
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Fig. 72. Velocity grid along multiple spur scheme (L=45an,spacing=2Lj
for discharge rates (a)14.14 lps {b)28.28 lps (c)42.42 lps
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Velocity 1 cm = 55 cm/sec 
Length 1 cm = 54 cm
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Fig. 73. Velocity grid along multiple spur scheme (L=45on,spacing=3L)
for discharge rates (a)14.14 lps (b)28.28 lps (c)42.42 lps
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Velocity 1 cm = 55 cm/sec 
Length 1 cm = 54 cm
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Fig. 74. Velocity grid along multiple spur scheme (L=45an,spacing=4L)
for discharge rates (a)14.14 lps (b)28.28 lps (c)42.42 lps
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Length 1 cm = 54 cm
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Fig. 75. Velocity grid along multiple spur scheme (L=45cm,spacing=5L)
for discharge rates (a)14.14 lps (b)28.28 lps (c)42.42 lps
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Length 1 cm = 54 cm
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Fig. 76. Velocity grid along multiple spur scheme (L=55 cm,spacing=2L)
for discharge rates (a}14.14 lps {b)28.28 lps (c)42.42 lps
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Velocity 1 cm = 55 cm/sec 
Length 1 cm = 54 cm

Fig. 77. Velocity grid along multiple spur scheme (L=55 cm,spacing=3L)
for discharge rates (a)14.14 lps (b)28.28 lps (c)42.42 lps



121

(a)

Scale
Velocity 1 cm = 55 cm/sec 
Length 1 cm = 54 cm
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Length 1 cm = 54 cm



multiple spurs with lengths 45 cm and 55 cm. As indicated 
earlier , it may also due 'to the fact that the constriction 

of the channel is getting increased as the spur length as 
well as spur spacing increases. Thus it is evident from

the analysis of flow pattern and velocity distribution in
/

the test section that the spur spacing also has a 

significant effect on length of bank protected flow 
diversion, velocity distribution etc. The data on 

velocities at opposite bank for different L/B ratios with 
diffeerent spacings are presented in Appendix-2

4.2 Mobile bed experiments

4.2.1 Single spur

Experiments were conducted o ed

in chapter 3.14.1, Initially data on scour pattern and 
velocity distribution were collected without spur. After 
this, experiments were conducted with different spur 
configurations in the test section. Detailed analysis of the 
collected data and the results so obtained are presented 
under following sub headings.

4.2.1.1 Size and specific gravity of sand

A representative sample of soil from the river sand 
used for this study was collected, ovendried and subjected 

to sieve analysis. The results of the sieve analysis of the



sand is as shown in Table.5. Mean diameter (DCJ  of theD U
sand was determined from the grain size distribution curve 
plotted (Fig.80 ) with the sieve analysis results. It was 
found that the sand used was a well graded one with 
D50 = 0.57 mm.

Representative samples of the sand were also collected 
and subjected to pycnometer test to determine specific 
gravity of the sand used. The results of the pycnometer test 
are as shown in Table 6'. It can be seen from the results 
that specific gravity of the sand is 2.48.

4.2.1.2 Scour pattern■data

Data on scour pattern in the test section was collected 
from the model by measuring cross sectional bed profile data 
with the help of a point gauge. With the collected data, 
scour patterns at each experiment condition were plotted and 
are presented in Fig.81 to 97.

In order to obtain the optimum spur angle and spur 
length, it was not possible to make similar comparison of 
velocities as in the case of rigid bed due to scouring 
nature of the bed. He^nce scour depths near the nose of the 
spur were compared for different spur lengths and spur 
angles.

Figures 98, 99 and 100 presents the relationship between 
spur angle and scour depth near the nose of the spur for
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Fig. 80. Grain size distribution curve of the sand used
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Table 5. Sieve analysis
Total weight of the sample= 1812.7 g
Sieve de- Weight % 
signation retained 

(mm) (gm)
Retained Cumulative

retained
% Finer

2.36 30.60 1.69 1. 69 98.31
1.18 123.50 6.81 8.50 91.50
0.60 679.30 37.47 45.98 54.03
0.30 854.30 47.13 93.10 6.90
0.15 121.40 6.70 99.80 0.20
0.08 2.40 0.13 99.93 0.07
pan 1.20 0.07 100.00 0.00

Table. 6 Specific gravity determination (Pycnometer method)
(a) Sample 1

Weight of pyconmeter + sample (A) = 1931 g
Weight of pycnometer + water (B) - 1481 g
Saturated surface dry weight (C) = 743.7 g
Oven dry weight (D) = 727.7g
(Specific gravity)^ = (gl)= D/{C-(A-B)}

= 727.7/ {743.7 - (1931 -1481)}
= 2.477

(b) Sample 2
Weight of pyconmeter + sample (A) = 1956 g
Weight of pycnometer + water (B) = 1481 g

. Saturated surface dry weight (C) = 773.7 g
Oven dry weight (D) = 742.16g
(Specific gravity)2 = (g2)= D/{C- (A-B)}

= 742.16/ {773.7 - (1956 - 1481)}
= 2.484

Average specific gravity (g) = (gl+g2)/2=
= (2.477 + 2.484)/2 
= 2.48
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F low  cLWect'ion

Average bed level = 12.8 cm 
All dimensions in cm 
Scale 1:54

Fig. 81. Scour^pattgn without spur for discharge rates (a) 28.28 lps
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Average bed level = 1.28 cm 
All dimensions in cm 
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Fig. 8.2. Scour pattern for single spur (L=25 cm, <9 =! 30°) for
discharge rates (a) 28.28 lps (b) 42.42 lps
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Average bed level = 1.28 cm 
All dimensions in cm 
Scale 1:54

Fig. 83. scour pattern for single spur (L=35 on,©='9 0°) for
discharge rates (a) 28.28 lps (b) 42.42 lps
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Average bed level = 1.28 cm 
All dimensions in cm 
Scale 1:54

Fig. 84. Scour pattern for single spur (L=45 an, <9='90°) for
discharge rates (a) 28.28 lps (b) 42.42 lps
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Average bed level = 1.28 cm 
All dimensions in cm 
Scale 1:54
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Fig. 85. Scour pattern for single spur (L=55 cm, <S = 90°) for
discharge rates (a) 28.28 lps (b) 42.42 lps
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Average bed level = 1.28 cm 
All dimensions in cm 
Scale 1:54

300'

S-uo

ico

(b)

£.00 30 0 5oi> 40 O ■J— V -  loo

Fig. 86. Scour pattern for single spur (L=25 cm, 0=10 0°) for
discharge rates (a) 28.28 lps (b) 42.42 lps
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Average bed level = 1.28 cm 
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Fig. 87. Scour pattern for single spur (L=35 cm, ©=100°) for
discharge rates (a) 28.28 lps (b) 42.42 lps
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(a)

Average bed level = 1.28 cm 
All dimensions in cm 
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Fig. ;!'88- Scour pattern for single spur (L=45 an,® =1%)°) for
discharge rates (a) 28.28 lps (b) 42.42 lps
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Average bed level = 1.28 cm 
All dimensions in cm 
Scale 1:54

1 n  ■ 1 0 < J  o   ^ 5i o --------------------------. Fig. 89. Scour pattern for single spur (L=55 cm, ©'=100°) for
discharge rates (a) 28.28 lps (bj 42.42 lps i
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All dimensions in cm 
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Fig. 9]_. Scour pattern for single spur_ t-j-iiyxe spur an,» =14
discharge rates (a) 28.28 lps (b) 42.42 lps
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(a)
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All dimensions in cm 
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Fig. 92. Scour pattern for single spur (L=45 cm,(5 =110°) for
discharge rates {a) 28.28 lps (b) 42.42 lps
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(a)
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All dimensions in cm 
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Fig. 93. Scour pattern for single spur (L=55.'on,<9 =110°) 'for
discharge rates (a} 28J28 lps (b) 42.42 lps
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Average bed level = 1.28 cm 
All dimensions in cm 
Scale 1:54
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Fig. 94. Scour pattern for single spur (L=25 cm,© =120°) for
discharge rates (a) 28.28 lps (b) 42.42 lps



141

(a)

Average bed level = 1.28 cm 
All dimensions in cm 
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Fig. 95. Scour pattern for single spur (L=35 cm, & =120°) for
discharge rates (a) 28.28 lps (b) 42.42 lps
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(a)

Average bed level = 1.28 cm 
All dimensions in cm 
Scale 1:54

Fig. 96. Scour pattern for single spur (L=45 cm,© =120°) for
discharge rates (a) 28.28 lps (b) 42.42 lps
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Average bed level = 1.28 cm 
All dimensions in cm 
Scale 1:54
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i ; . ■ \ n i  \  i  *, ' >Fig. 97. Scour pattern tfor single "spur -r(L=55 cm,® =120®) for
discharge rates* (a); 28.28 ips |b).. 42.42 lps
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different discharge rates 14.14 lps ,28.28 lps and 42.42 lps 
respectively. The lines sketched on these figures represents 
the data trends for each of the spur configurations tested. 
The scattering of the data points about the trend lines is 
due to the movement of bed forms that had an impact on the 
measured bed elevation. However the data trends are still 
quite obvious. In all cases, the scour depth decreased with 
increasing spur angle. This implies that the greater the 

spur angle the smaller the magnitude of local scour produced 
at the spur tip. This conclusion holds regardless of spur 
length.

Another observation seen from these figures is the 

effect that channel constriction have on local scour at 
the tip of the spur. The experimental data indicated that 
the smaller the magnitude of flow constriction, the less 
severe the scour at the spur tip. The data of scour depths 

near the nose of the spur for various spur angles are 
presented in Appendix-3.

Figure 101 depicts a graph of ds/d versus L/B ratio in 
which d is the depth of flow for non scouring bed and ds 
is the maximum depth of scour at the spur tip. it can bee 
seen from this figure that the slope of line ds/d rapidly 
increase after L/B =0.20. Thus from above observation 
related to scour depths, it can be concluded that spur model 
with L/B = 0.19 and angle 0= 90° is again found suitable for 
the test section. $he data, of scour depths - at spur ' ;nose"’ 
for different L/B ratios tested are presented In Appendix 3.
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Grade et al. have carried out experiments in a long 
tilting flume and presented non dimensional plots in respect 
of (D+ds)/D versus F and F2/ ^ 2 in which D = average flow 
depth, ds = maximum scour depth,«C = opening ratiô /. and F is 

the Froude's number. Similar analysis of data in the present 
studies have been carried out and the relationships obtained 
are shown in Fig. 102 and Fig.103 for single spur 

configuration. It can be seen from these plots that scour 
depth increased with froude number F as well as F2/ ^ 2,

4.2.1.4 Null point determination

Inorder to find the length of bank protected at each 
spur configuration, null point was determined by dropping 
potassium permanganate solution in the test section as
explained in chapter 3.11. Fig.104 and Fig.105 presents
graphs of LBP/L versus in which LBP = length of bank 
protected downstream of the spur tip, L = spur projected
length and © = spur angle. It can be seen form this figure

that the length of bank protected by the spur configurations 
tested , does not vary significantly with spur angles except 
for very large spur angles. However LBP/L was found to vary 
directly with spur length and its value ranged from 5 to 8. 

The data of LBP for various spur configurations are 
presented in Appendix-:4.

4.2.2 Multiple spurs

Experiments were conducted with L/B ratios as 0.14,
0.19 &, 0.25 and spacing between spurs as 3L, 4L and 5L under
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Pig. 98. Trend lines for scour versus spur angles for the 
constrictions tested (Discharge = 14.14 lps)
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Fig. 99. Trend lines for scour versus spur angles for the 
constrictions tested (Discharge = 28.28 lps)
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Fig. 100. Trend lines for scour versus spur angles for the
constrictions tested (Discharge = 42.42 lps)
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Fig. lOl. Maximum depth of scour versus length of spur 
(spur angle=90°)
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Fig. 102. Variation of (D + ds)/D with F andoc for single spur
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Fig. 103. Variation of (D + ds)/D with F2/#3 for single spur



,Fig. 104. Trend lines for LBP/L versus spur angles for the
constrictions tested (Discharge = 28.28 lps)
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Fig. 105. Trend lines for LBP/L versus spur angles for the
constrictions tested (Discharge = 42.42 lps)



these studies. Observations in respect of (1) scour pattern 
(2) maximum scour depth around spur dike and (3) relations 
such as maximum scour depth versus intensity of discharge 
were made which are given in subsequent sub headings.

4.2.2.1 Scour pattern

In this scheme of multiple spur, data at the first spur 
which generally affected more as compared to subsequent 
downstream spurs, have been considered. Thus data for 
parameters such as maximum scour depth, Froude number and 
opening ratio have been analysed. With the collected data , 
scour pattern at each multiple spur configuration were 
plotted in Fig. 106 to llS.

From these scour pattern plots , it was observed that 
spurs with 3L spacing behave like single unit and purpose of 
protecting larger reach of the bank is not fully served. On 
the other hand , if a larger spacing of 5L is maintained 
each spur acts independently as seen from extent of 
scour.Thus from the experimental analysis of scour pattern 
it can be concluded that spur scheme with L/B= 0.19 and
spacing as 5L is more effective for bank protection. The
data for scoutr. depths -"near to nose of the;1 spur are
presented in Appehdix^TS

The inter relationship plots of (D+ds)/D versus F and 
2 3F /oc were plotted similar to single spur study and are

shown in Fig.lr-1'5 and Fig.1.16 It can be seen from these

154
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(a)

Average bed level = 1.28 cm 
All dimensions in cm 
Scale 1:54
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Fig. 106. Scour pattern for multiple spur scheme(L=25 cm,spacing
= 3L ) for discharge rates (a) 28.28 lps (b) 42.42 lps
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Average bed leve = 1.28 cm 
All dimensions in cm 
Scale 1:54
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Fig. 107. Scour pattern for multiple spur scheme (L=25 cm,spacing
- 4L-) for discharge rates (a) 28.28 lps (b) 42.42 lps
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(aj

Average bed level = 1.28 cm 
All dimensions in cm 
Scale 1:54
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(b)

Fig. 108. Scour pattern for multiple spur scheme (L=25 an,spacing
= 5L ) for discharge rates (a) 28.28 lps (b) 42.42 lps
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(a)

/
Average bed level = 1.28 cm 
All dimensions in cm 
Scale 1:54

'------- 1-------1-------1_______ I_______ |_______ l_
IPO 0 loo  S.00 3 0 O 5o4> tt,c

Fig. 109. Scour pattern for multiple spur scheme (L=35 cm,spacing
- 3L ) for discharge rates (a) 28.28 lps (b) 42.42 lps
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Fig. 110. Scour pattern for multiple spur scheme (L=35 an,spacing
= 4L-") for discharge rates (a) 28.28 lps (b) 42.42 lps
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Pig. 111. Scour pattern for multiple spur scheme (L=35 an,spacing
= 5L' ) for discharge rates (a) 28.28 lps (b) 42.42 lps
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Fig. 112. Scour pattern for multiple spur scheme (L=45 cm, spacing
- 3L .) for discharge rates (a) 28.28 lps (b) 42.42 lps
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Average bed level = 1.28 cm 
All dimensions in cm 
Scale 1:54

Fig. 113. Scour pattern for multiple spur scheme (L=45 cm, spacing
= 4L ) for discharge rates (a) 28.28 lps (b) 42.42 lps
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(a)

Average bed level = 1.28 cm 
All dimensions in cm 
Scale 1:54
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Fig. 114. Scour pattern for multiple spur scheme (L=45 cm,spacing
= 5L-) for discharge rates (a) 28.28 lps (b) 42.42 lps
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figures that the slope of the curve (D+ds)/D Vs F change as
spacing increases. For all spacing scour depth increases

2 3with Froude number as well as F /oc

Mushtaq Ahmed, Garde et al and Quader have conducted
model experiments to study the effect of discharge, flow
concentration and angle of attack of the flow on the scour
depth at a spur nose. They proposed the formula for

2/3estimating maximum scour depth as = K g in which = 
depth of maximum scour below maximum water level, 
q = discharge intensity at the spur constriction and K = a 
constant dependent upon flow concentration and inclination 
of spur and angle of attack.

Present data for multiple spur scheme have been plotted 
vide., Fig. 11.-7 for spacing 3L, 4L and 5L. First spur takes 
direct attack and at this location more scour is developed 
compared to downstream spurs, data at this spur was taken 

for plotting purposes. Thus Fig.117 shows that scour depth 
increases as intensity of discharge increases.
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Fig. 115. Variation of(D + ds)/D with F andoc for nultiple spur scheme
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Fig. 116. Variation of (D + ds)/D with F for multiple spur scheme
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SUMMARY AND CONCLUSION

River training measures, which are meant to make rivers 
behave as we desire and prevent their ravages, have become 
essential for flood control and bank protection on a large 
scale. The most widely used training measure is probably
the use of spurs, which are structures constructed 
transverse to the river flow and extend from the bank to the 
river. Spurs are regarded more successful than other 
training measures when it comes to protect a valuable land, 
town, village, highway etc., against erosion or for flow 

diversion or maintenance of depth of flow in a particular 
channel. No serious attempt has been made so far to evolve 
standard designs for spurs, indicating conditions under 
which they could be used. With an objective of studying

characteristics such as flow pattern, velocity distribution 
and scour pattern for different parameters of spurs by 
simulation techniques, a study was conducted at KERI, Peechi 
during the months from March to September 1994.

A distorted type 3D river model with horizontal scale 

1 in 100 and vertical scale 1 in 50, of Aranmula water 
stadium in Pamba river was selected for the study. River bed 
was formed as rigid as well as mobile bed condition
according to the objectives of the study. The test section
measures a length of 8.5m, depth of 0.4m and width varrying



from 1.6m to 2.6m. The different design parameters of spurs 
such as length, angle , spacing etc. were analysed for 

different discharges to evolve suitable values for the 
parameters. The different lengths chosen were 25cm, 35cm,
45 cm and 55 cm. The spur angles chosen were 90°, 100°, 110° 
and 120° downstream with the bank. Spacing of spurs chosen 
were 2L, 3L, 4L and 5L where L is the length of the spur. A 

Cipolleti weir fitted at the end of inlet chamber was used 
to regulate the model discharge. Water was supplied from 
the dam reservoir near the experiment site through a 
controlled supply line and a flume.

Rigid bed study was used to analyse the flow pattern 
and velocity distribution whereas the mobile bed study was 
mainly aimed at analysing the scour pattern. In this study, 
rigid bed was formed with cement plaster where as the mobile 

bed was formed with a well graded sand of size DgQ= 0.57 mm. 
The flow patterns were observed by using pearls as floats 
and their paths were traced relating to one of the banks by 
visual observation. The velocity was measured at 0.6D at 
various cross sections using a pigmy water current meter 
where D is the depth of flow at the measuring section. A 
point gauge mounted on a rectangular frame was used for 
measuring cross sectional bed profile data as well as depth 
of flow at various cross sections. These observations were 
used to evaluate scour patterns for the test section. For
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single spur at mobile bed condition, null point was 
determined by dropping potassium permanganate solution at 
different points along the side wall.

The analysis of experimental results evolved the 
following conclusions

I. Rigid bed experiment - Single spur

Ci) From the analysis of flow pattern obtained it was 
observed that (a) the flow concentration at the spur tip 
increased with the increasing spur length and it decreased 
with the the increasing spur angle, (b) the flow diversion 
to the opposite bank increased with increase in spur length 

and spur angle, (c) the length of bank protected increased 
with the increase of spur length regardless of spur angle 
and, (d) under these conditions, a spur length ranging 
between 25 cm and 55 cm and at an angle between 90° - 110° 
was found desirable.

Cii) From the analysis of velocity data it was found 
that (a) percentage increase in velocity at opposite bank 
had a general increasing trend with increase in spur angle 
as well as spur length, (b) an L/B ratio of 0.19 (ie. spur 
length = 35 cm) combined with spur angle of 90° was found 
optimum for the test section under the present study and, 
(c) length of bank protected by the spur increased with 
increase in spur length regardless of spur angle.



II. Rigid bed experiment - Multiple spur

(i) From the flow pattern and velocity distribution 
obtained, it was observed that (a) the length of bank
protected downstream of the spur tip is found to increase
with spacing between spurs, (b) spur length of 25 cm with
2L spacing was found to function as single spur and it could 
be discarded for subsequent studies.

(ii) from the analysis of velocity distribution in the 
test section it was observed that the velocity along the 
affected bank reduced with increase in spur length and spur 
spacing.

III. Mobile bed experiment - Single spur

From the analysis of scour pattern obtained it was

observed that (a) maximum scour depth at spur tip was
decreased with increase in spur angle, but increased with
increase in spur length, (b) an L/B ratio of 0.19 (ie.,
spur length = 3 5  cm) with spur angle 90° was found suitable
and, (c) from the relationships obtained of Froude number F 

2 3and F / oC (cC = opening ratio) with (D+ds)/D it was
observed that scour depth increases with Froude number F as 
well as F2 /oC 2 -

IV. Mobile bed experiments - Multiple spur

(i) From the analysis of scour pattern it was observed 
that (a) with spacing of 5L both the spurs behaved
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independently of each other, (b) as in the case of single 
spur scour depth increases with F as well as F /oC and,
(c) the scour depth increased with increase in intensity of 
discharge.

Thus it was concluded that the provision of spurs was 
effective in protecting the affected bank and the design of 
spurs is greatly dependent on its parameters. Experimental 
analysis for the present test section shows that (i) the 
constriction achieved by the spurs should not exceed 20% of 
the flow width, (iij spur angle of 90° downstream with the 
bank gives best results. (iii) for multiple spurs a 
spacing of 5L is more effective for bank protection.

The following recommendations are also suggested for 
further studies. (i) studies could be carried out for 
different, sediment size of the bed material as it is known 
to have an effect on scour pattern. (ii) studies could be 

carried out for different types of spurs with different 
construction material and crest condition.
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APPEWDIX-I

Velocity observations with different single spur configurations

Discharge
(lps)

velocity at c/s 3 
near left bank 
with out spur 

(it/ s )

1/b
Spur
angle

Velocity 
left bank

90° 100°

at c/s 3 near 
with spur (it/s)

110° 120°

14.14 0.224 0.14 0.268 0.291 0.281 0.247
0.19 0.272 0.336 0.347 0.325
0.25 0.325 0.347 0.325 0.347
0.31 0.336 0.393 0.393 0.370

28.28 0.381 0.14 0.436 0.451 0.449 0.415
0.19 0.472 0.516 0.483 0.472
0.25 0.538 0.545 0.550 0.566
0.31 0.555 0.595 0.561 0.561

42.42 0.463 0.14 0.482 0.516 0.51& 0.527
0.19 0.494 0.572 0.561 0.572
0.25 0.561 0.573 0.629 0.618
0.31 0.606 0.673 0.663 0.651

i



AEPEHDIX-II

Velocity observations with different multiple spur schemes

Discharge l/ b ‘ Spacing V eloc ity  a t  c/s near l e f t  bank
(lp s ) with m ultiple spurs (m/s)

c/s
No. 3 4 5 6

14.14 0.14 2L 0.268 0 0 0
3L 0.28 0 ■ 0 0
4L 0.26 0 0 0
5L 0.29 0 0 0

28.28 0.14 2L 0.37 0 0 0
3L 0.4 0 0 0
4L 0.44 0.02 0 0
5L 0.42 0.03 0 0

42.42 0.14 2L 0.47 0 0 0
3L 0.48 0.04 0 0
4L 0.48 0.055 0 0
5L 0.49 0.04 0 0

14.14 0.19 2L 0.292 0 0 0
3L 0.298 0 0 0
4L ' 0.26 0 0 0
5L ' 0.303 0 0 0

28.28 0.19 2L 0.426 0 0 0
3L 0.471 0.157 0 0
4L 0.449 0.044 0 0
5L 0.45 0.04 0 0

42.42 0.19 2L 0.505 o' 0 0
3L 0.573 0.16 0 0
4L 0.539 0.08 0 0
5L 0.561 0.04 0 0

14.14 0.25 2L 0.348 0.123 0 0
3L 0.325 0.157 0 0
4L 0.325 0.03 0 0
5L 0.382 0.022 0 0

28.28 0.25 • 2L 0.518 0.157 0 0
3L 0.516 0.179 0.01 0
4L 0.471 0.01 0.02 0
5L 0.539 0 0 0

42.42 0.25 2L 0.565 0.078 0 0
3L 0.595 0.078 0.04 0
4L 0.618 0.01 0.05 0
5L 0.6 0.02 0 0

14.14 0.31 2L 0.37 0.269 0 0
3L 0.370 0.224 0.04 0
4L 0.370 0.12 0.05 0
5L 0.382 0.14 0 0

28.28 0.31 2L 0.555 0.28 0 0
, 3L 0.584 0.22 0.06 0

4L 0.595 0.2 0.08 0
5L 0.56 0.314 0.02 0

42.42 0.31 2L 0.635 0.146 0 0
• 3L 0.604 0.1 0 0

4L 0.632 0.06 0 0
5L 0.644 0.258 0 0



APPENDIX-IV

Null point observations with different single spar configurations

Discharge 1/b Length of bank protected downstream
dps) of the spur (m)

Spur
angle 0oO'* 100° 110° 120°

28.28 0.14 1.40 1.46 1.35 1.620.19 2.70 2.65 2.48 2.700.25 3.40 3.35 3.40 3.460.31 4.48 4.54 4.27 4.21
42.42 0.14 1.19 1.24 1.30 1.510.19 2.54 2.43 2.38 2.590.25 3.10 3.29 3.19 3.290.31 4.37 4.10 4.27 4.05

APPENDIX- V

Scour depth, observations with diffrecent multiple spur schemes

Discharge 1/b Maximum scour depth at spur tip (cm')
(lps)

Spur "
spacing 3L 4L 5L

14.14 0.14 3.1 3.3 3.40.19 3.2 3.4 3.50.25 3.3 3.4 3.3
28.28 0.14 5.9 5.8 5.80.19 5.9 6 6.10.25 5.9 6.1 6.2
42.42 0.14 7.5 7.4 7.10.19 7.2 7.4 7.30.25 7.5 7.7 7.8



APPENDIX-III
Scour depth observations with different single spur configurations

Discharge
(lps)

1/b
Spur
angle

Maximum scour depth at spur tip (cm)

O o 100° 110° 120°

14.14 0.14 3.4 3.2 2.6 2.1
0.19 3.53 3.1 2.8 2.6
0.25 3.73 4 3.5 3.3
0.31 4 4.3 3.7 3.6

28.28 0.14 5.7 5.7 3.6 3
0.19 5.9 6.6 6.6 5.7
0.25 6.3 7.1 6.5 5.9
0.31 6.9 7.5 7 6.1

42.42 0.14 7.9 8.8 7.3 6.9
0.19 8‘.1 9.3 8.5 7.6
0.25 8.6 10.2 10 8
0.31 ■ 9.6 10.8 10.8 8.6
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ABSTRACT

The use of spurs as river training measure has proved 
to be an effective means of protecting river bank and their 
design requires indepth knowledge about its parameters 
related to the solution of a specific river training 
problem. To analyse various design parameters of spurs, a
simulation study was conducted at KERI,Peechi. 

Characteristics such as flow pattern,velocity distribution 
and scour pattern were analysed for different spur lengths 
25 cm, 35 cm, 45 cm and 55 cm, spur angles 90°, 100°, 110° 
and 120°, spur spacings 2L, 3L, 4L and 5L and for discharge

rates 14.14 lps, 28.28 lps and 42.42 lps. Single spur and
multiple spur scheme were tested on rigid as well as mobile 
bed condition. The analysis of the obtained flow pattern, 
velocity distribution and scour pattern reveals that the
specified design parameters have a significant effect on 
flow diversion, length of bank protected, maximum scour 
depth at the spur nose, percentage increase in velocity at 
opposite bank etc. The analysis of the present study also 
led to the conclusion that L/B ratio of 0.19, spur angle of 
90° was the best combination for single spur study and the 
same with a spacing of 5L was most effective for multiple 
spur scheme.


