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ABSTRAQT

This gtudy was taken to 1nvnst1gate the effect of location and
progectlon of .single groin in a bend. THe Hydraulics and River
Engineerlng.Laboratory of the Department of Water Resources .
Ebngineering of Bangladesh University of Engineering and Tecﬁﬁoiogy,
~Dhaka, provided reduired facilities for the study. Six test runs
were méde, three with single'groin placed at the centrc of the bend
and the rest three with single groin placed at a distance of ten
percent of the average chamnel width upstream of the bend. The
projection of the groins were varied fromxfive percent to twenty-
five percent of the average channel width. These greins were placed )
at the concave bank of the test channel when the channel achieved -

a qu351—stable nature,

It was observed that with the increase of groin progectlon ratio,
the downstream protected length increased when placement of the groin
was centrally located. Beyond projection ratio of seventegn pefcent,u
the proteceted length decreased. For groins.placed at ten percent
upstream of bend centre, same trend of variation of dnwnstrcam
protoeted length wags found. The maximum value of groin projection
ratic for mazimum length of downstream protection in this case wag
. twenty three percent. The downstream protected length was found fo

be higher for groins placed at bend centre. Strong statistical

correlatlons were obtained for both the cages.
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The maximum depth of scour hole at the toe of the groin

wag found to increase with the increase of groin projection
for groing placed both at the centre and at ten percent
upstrzem of the bend. Tt was 2lgo found that the scour area
increaeéd with the inerease of groin projection ratio. Googd
statistical correlations were obtained for both fhe ce.ses.
The trend ohtained for variation of scour depth conforms

with the equations of Ahmed (2) and Hosszin (20},
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CHAPTER ONE -

INTRODUCTION

1.1 General

From time'immemorial, rivers played a very important role
in human civilization. The availability of enough water for
drinking and irrigation, the convenience in travel and trade

throush waterways and the fertile agricultural land of the

- flood plains have attracted people to start living near a

river considering it ag the fundamental heirarcy of thnir
devnlopment As a rosult cities, factories and " other important

structures have been built alonn the river banks.

Ba31des these blegsing of the river, it cauged tremendong
hazard to man by occasional flooding of the land adiacent to
the river and by severe erosion of itg banks during high discharge
and flood. This unchecked erosion causes loss of natural resources,
destruction of engineering works and loss of lives. Also, the sedi-
ment produced from the bank srosion and bed scour can damage flood
plains; urban areags, naV1gat10n facilities, downstreanm regervoirs

and other Lh9nnnl impr ovements, To check thege losses man hag

attempted to stabilize the river bahks.

The problam of river béhﬁwgfosion in Bangladsasgh isg guite

aggravating. The three maior rivers, the Ganges,‘the Brahmaputra

{




and the Meghna, together with their numérous tributaries and
digtributaries, carry a huge discharge and sediment. The banks
of these alluvial rivers, specially at the bends, are being
continually eroded. A recent study by Rahman (36) showed that
the rate of migration of the Ganges-Brahmaputra confluence is
about 6880 feet per year; The study also showed that the rate

of bank erosion is about 1100 feet per year.

4 huge amount of money ars being spent every year to stabilize
the eroding bends. Various methods of bank stabilization are in
use of which groin is common ir Bangladesh because of itg advan-
tage in larger rivers carrying higher sediment load (10). The
protection of Kushtia twon from erosion of Gorai river, protection
~of Chandpur town from erosion of Meghna river, protection of
SlrajganJ town fr0m Jamuna rlvor and protﬂctlon of ShOV?pur brldﬂe
on Fenl rlver are some of *he examvleﬁ of the extcn81ve use of
_ gr01nc in thlq country (5) - | ' e o

| A good number of complcx faotors and 1ptef&gﬁnndant varlables
gulde the problem of banh er031on and stablllzatlon work It lS
very dlfflcult to study fhn'effgct of these Verableé separately
uﬂd hencr uunalytl al solutlon of the problem is yet to be obtained.
So, smqll scale laboratory study may be a good approach to have a
botter understundlng of +hu prob19m ard the obtalrod results may

be used to predlﬂt tho buhav10ur of uhC Stﬂblllzﬂtlon work

R Y I R N S S T I LT T S




Small scale laborntory study does not 2lways give 2 truc
picture of the actual situation. For example, siltation resulting
from deposition of materials in suspension can not be reproduced
accurately in the laboratory channel because bed load movement
in such 2 channel is due to partiéle Which move on or near the
bed and very little material goes into suspension (19). Also,
silting in laboratory channel is slower than in natural channeal,
whereags occurance of scour ig quicker. Therefore an attempt to
permit more silt deposition may result in excessive scour. Hven
with this limitations, results obtaincd from small scale laboratory
study can be useful in predicting the prototypz behaviour thereby

eliminating serious errors in design.

1.2- Objective of the study
The prassent day knowledece regarding the behaviour of sroinsg in
the stabilization of bends of the alluvial ri&ersis:inadequate._

So, this study has boen taken up with the followins main obiectives:

i. To observe the aren and depth of scour at the tos of single
straight zroin fpf.differenﬁ.projections.
. 1i. To observe the area protected in the hend both upstream
.. .2nd dovngtrean. of the single groin.

Lt
Bl

Do e e e
.1ii. To obgexve the gfngthf”ﬁhﬁ.pgsit?onqqf.the.grgins.on
geour and area protected by them. . . -
Av. To investigate the morphologicsl changes at upstrean and
downstream of a bend due to placement of single straight

- .. .8roin, . ... .o s




CHAPTER TwO

FEVEW OF ILITERATURE

2.1 Introduction

M alluvial channel rraches an cquilibrium status by *he
prolonged interaction between the water and sediment discharge,
the characteristics of sediment, composition of bod and bank
material and the geomctry of the channel. an additional mechanigm
of channel adjustment is probably the channel pattern which ig
tied t0 the channel gradient and cross—-section., An understanding
of the naturse of these channel patterns and the factors that are
relaféd to their occurance is important for both river rezuiation
and channel stabilization works. In the following a brief review
is made on channel pafférn,:stébie 2lluvial channel, bank stabi-

lization work with gpecial emphasis on Zroin and gcour.

2.2 Channel Pattern

The channel patterns that have been recongised are straight,
Braidéd:and heéﬁﬁering. However, thig classification is arbitrary
and all ohqnn al forms in the fleld are not covered by ﬁhesp three
categorles. Perhabs a moré1ldgiéal él”"“lflcntlon would be that

rivers have eithor a gingle chanhel or mulﬁiple channelg (38).

Rivafs’ﬂr. ldom qtralght thrﬁugh dlbtanco ﬂroator than

about ten chqnnpl W1dths and so the dmsiﬁnationﬁof strqi&ﬁt imﬁlies
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irregular, sinuous or non-meandsring, Observations of Gibson,

Vanoni and Leliavsky (28) imply that a straicht channel is

neither of a uniform bed nor of a straight line of maximum

depth.

A braidag channel is one that is dividad into several channelsg,
which successively meet: and redivide. The geperate channﬁls_of a
braided stream are divided by islands or bars.. The building of
central and lateral bars is an important part of tha nrocess of
development and shifting of hraided channels. A braided channel
will have steeper slope. The ratio of slopes of divided and
undivided channels wag 1’oulrld. to range from 1.4 o 2.3 in field
situations and 1.3 to 1.9 in the flume (28). The zquation of a
line which seperates data from meandefing and braided channel

was given by Leopold and Wolman (28) as:

5 =0.06 q0r0-44 (2.1
where 5 is the channel slope and § is the bankfull discharge.
Because the braidsd reach is wide and shaliow and the chann@l
banks are ungtable the ratio of sedimont transport per unit width

of channel may he relatively low.

A large number of literaturs on rivor patterns are aveiiable
of which refernhce can be made to gtandard booké (28, 22) and
publications (12, 15). Tn ths following section a hriaf desoription

of tho meandering pattern of alluvial streams, which ig by far the

most common one, will be siven.




2.2.1 Meandering Channcl

A meandering channel consists of two consecutive loops, one
flowing clockwise, and the other antielock wise. These types of
stream patterns are usually assoeciated with broad flood plains
consisting of relatively erodible materials. However, it is &lso
known that many stream cut into solid rock or hard gstrata in deep
g0rges and oxhibit meanderihg rattern similar +o that of rivers

in flood plains,

Several invagticators have conducted laberatory investirationg
to observe initiation and development of meanders in alluyvial
streams and have zatablished relationships batween geometrical
and flow characteristics. Amonas these the investisations of
Freidkin (14) Shahjahan (38), Inzlis (16), Kinoshita énd Yaﬂo(16)
are worth to mention here. Friedkin concluded that meandering
results primarily from 1ocal bank crosion and consequant overload-
ing and deposition by the river of the heavier sediments ﬁoving
along the bed, This process produces a geriss of bendsg along fhﬁ
stream. Ths experiments conducted by Friedkin snd Inglis show
that the meander rattern as a whole glowly moveg downstream. Such
tendency has been found in many =21luvial streams such as tho
Gangas (8). Shahjzhan concluded that piver and sediment discharge

along with valley slope mainly control the geometry of stroam in

mesnder,




K 2.2.2 Theoriss of Meandering
Several attempts have bzen made in the past to stipulate
condition under which the process of meandering is initiated
and to explain the m@chanism of meandor development. But none
of these theoriss are able to explain.satisfactorily the mzchan-
ism of meander formation. Thesc theoriss may be¢ divided into six
Zeneral groups,'namely -
3 . >
a. Barth's rotation theory
b. Helicoidal flow theory
c. Ths concept of graded stream
a. Mihimﬁm énergy concept
@. Dféturbance theory
! f. Tynamic instability theory
A very brisf description of these theorics are miven below:
‘ :
2.2.2.1 Earth's Rotation Theory |
Coriolis force, which caus=s an object ﬁoving over the surface
of earth to experience a transverse force normal to its path,may
cause rivers to have the tendency to erods preferentially their
kS right bank on the noerthern hemisphere and their left bank on the

scuthern hemispheres. fdowevsr, il hag been shown by uaraishy
(after %8 and 16) that the tendency of the stream to deflect
#ither to the right or to the loft is marely a chance phenomenon,

having hardly anything to do with the earth's rotation. /

k3
‘i"b_




Neu (33) has shown that secondary circulation is developed
in a stream because of carth's rotation. The relative intesity
of this'secondary circulation depends on latitude of the place

and the ratio of depth to the average velocity of flow.

2.2.2.2 Helicoidal Tl ow Theory
Aecording to this theory, meandering ig the result of
helicoidal or s2condary flow, rparsntly, any disturbance which
producasg secondary circulation can laosd to meandering. The
rhenomena of secondary currents have b=en extongively studicd
by several researchers e.g,, Rinstein and Li, Binstein and
Shen, Shen and Komura, Goldstein {after 39), Teopold Tanner
(after 38), Prug-cha ¢insky, ™ijiyoshi (after 16). However,mogt
of the authors fail to offer any cauge for the initiation of the
secondary currents and their periodical revérssl of siean along

the chznnel,

2.2.2.% The Concept of Graded Stream

According to thig concept, the river would seek itgelf a
winding coursc until its bed has basen lengthened to such.an
entend that the river wouid be at grads. But there appears to

have no reagen why & river, even if it is not at grade, would

Scour sideways instesd of dsepening its channcl.




2.2.2.4 Minimum ZEnergy Concept

It is o*ten suprosed that the nrocess of meanderin~ is
related to the enersy content of the stream. iccording to this
theory, a channel having excess encergy triss to increase its
length by meandering thefeby decrcasing its slope. This'idea Was
elaborated interms of cither a random walk theory or 2 thermodyna-

mic analogy (38).

The concept of minimum energy has been questioned by many !
like Joglekar_(B). They contend that the primary cause of meandér;
ing is an excess of sediment load during floods. A river tends
to build up a stecper slopse by Adcpositing sediment load on the
bed when the load is irn excess of that requirsd for eguilibrium.
This incrcase in slope leads to a decrease in davth and this
tends to increass the width of the chonnal if the banks are not
registent. Cnly =2 slicht déviation from uniform axial flow is
then necessary to couse more flow towards one bank than the
other. Additional flow is then necessary to cause more flow
towards .former bank,. lsading to shoaling alons the latt=r,
accentuating the curvature of flow and producinsz meander in
its wake. On the other hand, Isopold and Wolman rervorted some
cases of meander fromation which do not fit in with the theory

boaed on excess sadiment load,
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2.2.2.5 Disturbance Theofy

According to this theory, the disturbance caused in an
otherwise straisht chennel travels downstream in such 2 way
As to cause change in flow pattern resulting in mesnders. The
initial disturbance éould be caused by various circumstances.
werner (16) postuiated that mennders are initiated by some
disturbances which, in turﬂ; starts transverse oscillation in

the straight alluvial stream. This trangverse oscillation from

one bank to the other starts srosion and the first bend forms.

2.2.2.6 Dynamic Instability Theory

According to thie theory, the formation of meanders is due L
to the instability of the bed. Hansen and Callender (38) made
an elaborate stability analysis of mrandering, working on the
assumption that the bed of the stroeam could be treatsd ag
initially plane, Cuick (35) also arsues that mesndering is an !
instability phenomznon which tends to ba gelf exazzserating.,
His main contention is that meandering is dus to the cycle change
in the direction of rotation of streamwise secondary flow,which
itself is merely the streamwise component of the verticity Veétor.
The vorticity is generated due to the bed shear and hence exists
initially only as a cross—ohannel vorticity vector. Beczause of )
the variastion in velocity across the channel, 2 streoamwise componQ
ents of vorticity is generated as it is transported in the down-
stream dir@ction; Obv;qusly erosion occurs whon the secondary

- ot b . i b
sprizl flow has a downfard componant of valoecity at the streamh
!

v

ey e e B
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boundary and deposition occurs when it hag an upward component.
The Airection of sbreamwise veoriteity is changed Aue to upstream
channel deflections. The wavelsngth of the meander is related

to guch reversg=zl of vorticity.

whatever be the mechanism of formation of meanders, these is
no cirterion available which will indicate, with certainty,whether
a gtream of given characteristics will meander or‘nof. The empiri-
cal criferidn is thersfore the only available means of predicting

the probable plan-form of the stream.

2.2.3 Geometfy of Meandering Channcl

Chitale (9) has classifisd meanders as regular and irrecular
and also as simple and compouﬁd. Regular meanders are a train of
bends of nearly the s=me curvature and frazguéncy. Irregular
meanaers are deformed in shape and may vary iﬁ anplitude and
frequency. Simple meanéers have hends with a2 single radius of
curvature whersas, in compound meanders, each bend is'made-up of
aegments of different radii 2n? varving anglzs. If the meanders
are irregular and compound. msander chﬂracferistics will change
alone the lenzth of the streum congiierably and it may be difficult

to Adefine averagze meander characteristics.

The geomstry of mesndering stresme can be desceribed by meander

length ¥ and the width of the mennder belt M, or by the sinuosity

L’ B

or the tortuosity. Many field engincers and research workers have
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attempted to relate thege averase characteristics to the flow -
characteristics._Relationship'proposed by the investizators for

Tivers and flood plains may be found in many books (28,22,16).

2.2.3.1 Meander Bends

A typical feature of meandering rivers is the bend. In each
bend & heliesl current ig produced and causecs o variation in bed
leval. It is importont to bredict this bed level in order. to
obtain information on (a) %he aviailable depth and width for
navigation and (b) the level of the tos of the bank for the design
of bank protsction. Two mathods arsz in use for this prediction:
One is the deterministie approach which is restricted in its
practical application because of tho simplifications made in the
analysis, and ;the other is stochastic approach., 1s yet both
deterministic ana stochastic models f-1i1 to degscribe the time

varistions of the bad level caused by the time Aenendant discherge,

2.2.3.2 Determinigtic Approach for Predicting Bed Level in a Bend
For a circular bend with fixed banks under a congtant discharge,

the mobile bad will eventually assuma a lateral slope such that

the force on a grain at the bed will be Zero. This implies that

the resultant shear force due to current and friction of the hed

is balanced by the component of foree due to gravify. Congidering

the cquation of the force due to curront in 2 channel bend.

NEDECO(1959)_giVes the equetion for pr-dicting bed level ag
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where ¥ is the radial distance, h is the denth of flow e is
the corrsction coefficient for non-uniform flow in the vertical,
i is the slope of energy line, ,\is the felative density, D is
the particle diameter and subscript zero stands for the value at

outer bank. ind also, 9.4 .Zf; 1.5fﬁ(gij1.5.

For a given value of ¥, squation 2.2 describes the.depth
acrogs the river with one unknown hy. This squation can be used
to design, for example, the requirsd dopth for bank protection.
The equation shows the tendency for the lateral bad profile in a‘
river bend to be convex, since in most cases 1.5t 1Y /4D

1.

This cquation is rather theorstical and zenerally inadequate

for practical problems because of +the following:

i. The discherge is assumed to be constant. This is not
usually the case and tﬁe hed slope will change as a
function of time.

ii. The derivation assumes uniform beid material; For non-
unitform bed material, grain sorting takes place and this
leads to phase lag between u(%,r), h(x,r) and D(x,r).

11i. The derivztion assumes 2 Ffixed bank. If the bankg are

subject te erosion then in principls the derivation can
be extended provided the degree of ecrosion is known

(NED®CO,1959).




The desree of validity of equation 2,2 can be demonstrated
by comparison of measured and computed cross-section. Agreement
is fair but it should be noted that a specific discharze,expressed
as a function of the boundary éondition h,, had tc be chosen for

the calculation.

2.2.3.3 Stechastic jpproach for Prediciing Bed Level in a  Bend

L=

he deterministic model doss not give results accurate enough
for design purposes. Befter regults can be obtained from geale
models, Stochastic modszls can alsgo bz used to make the reguired
rrediction. Binstein (11) offered = framework that scems attractive
in fhis respeot..He agsumed that the bed toposraphy is Aependant

on (i) river rezime, (ii) composition of bed material, (iii)upstream

I3

chann+=1l ceometrv,and (iv) wall efTectsy.

For rivers of restricted lensth, (i) and (ii) are similar “or
all cross-~section. Then, if wall effects are neslectad, the Aiffe-~
rence oceuring betwesn the various corgs-sections of the rench |
considered are determined by the upstream geometry. Rach messured
cross-ssction is now matched by least-square method with a linear
series of orthogonal ploynomials, P, (y), in which ¥y is measured
Perpendicular to river axis and thus the béd leveal Zb(y) is
approached hy

(¥} = a p (¥) + P8 DN 6 E arpr(y)+......+aNpN(y)

| (2.3}
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Legendre polynomials are very suitable in this respect as they
are “efined on = restricted intervsl. If the y-values are nor-
malized by menns of the width, their shapes are adequate to
describe the river crogs-section. The parameters a4, for any
cross-gsection N are linked with the curvature ¢ in a Crogg-

section P upstream of n . 4 linear relation is 2ssumed:

Py
a = + ; 0. : v e (2-4—)
r,n O,I' Z AP,I' Cn_p+1 ]
p=1

The coefficienty a belong to & particulsar cross-s=ction(n),.

r,n
whereas, the coefficismts 4 apply +tc the whole river re=ch. By
datermining the coofficisnts A from the existing river geomatry
(Zb and C), these coafficisnts cen bs used, torsther with the

degien valuss of (¢ for the new bond, to obtain th: cocefficients

a and thus the valucs of T, -

Thig method‘seews to b-e ﬂéequate for predicting bed leval
in new bends in rivers thnt 4o not vary too much in width.
Morsover, the ved lavel near the bon'ts csn be estimatsd provided
the banks are not protected by groins'perpendicular to the river.
To enlarge this method into a powerftul tobl for river enginecring

more research is required,

2.3 3table Alluvial Channel
fccording to Lane (25) a stable chonnel may be Asfined ase

4 stable channel is an unlined carth chammel (a) which carries
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water, (b) the banks and beds of which are not scoured objection-
ably by moving water, and (c) in which obiecticnable denosits of
sediment do not occur: According to this definition, minor dspo-
sition and scour can_take'place in the channel, but over a long
period of time the Banks and bad must be stable. Thig definition
refers to a channel carrying clazr water throush loose alluvial
material in such g way that the sediment particles on the periphery
do not mova, Slmll rly a channel flowing through loose alluvial
-material and carrying wut >r sediment mixture can be termed as a
steble channel if the last two conditions listed by Lane ars

sotisfied.

The charscteristics of stable alluvial channel is the stability

of the alignment of chamel and slopes sg well ag its rogime.Thesge

9

may chenge within a year but shows 1ittle variations from year to
yeaar. Changes svuch as scouring and silting of bed, advancamant

of the deltas into the sea a2nd changes in bed and water sloves
over a long period of time 4o take place, but these are sinifi-
contly small (39). The characteristics of these rivers are such
that most of the sediment load brouzht ASown by them is carried to
the sea., The sazre river may Have either arpras d4nz. degrading,
stable and other charaéteristics from its source {€o mouth. Its
nature dzpend upon the szmount and gize of sediment entering the
river, its loaﬂ_carrying capacity and_other fagtors. dven the
same reach moy pass through various types depending on the varia-

tion of sediment load and discharge with time. Put when this
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equationgs equalises over a period of time so that on the averace
the cnerzy of the strosm is just sufficient to transport the

material supplied to it, the stream i stable.

Factors governine channel st25ility includes the digtribution
of shear stress =t bed an& banks, bank full discharge, ionﬁitudinal
silope, sediment propertiss and itg sradation, seepsze from ground
water to the channel or from chamel to the ground and the compogi-
tion of bed material which influcnces the critical tractive force.
Vegetation zlong chonnel bank hag been found to be helpful in

channel bank stability.

2.4 uk Stabilizaticn Methods

When the gtrasm banké bacoms wealk and SuSCﬁptiblﬁ te caving
and-erosion, the gtbility e¢ftthe bed mey be andangersd in rooches
where local flow conditions caugs an incrangs in ghoor gtress at
bad in such cases the bad and bank muet be stabiliz=d, Stebilization
of & rivar includns all the engineering works constructed on a
river to guide and confine the flow of channel and to'control and
reulate the rivar beAd confisuration for sffective and gz2fe movemant
cf floods and river gedimentg. Stabilization Wort'ars alao recuired
Tor navigntion purposes (7). Also, erosion on account of the
increased flow due to drainaze from irrigated 1sna may requife

stabilization work (30).




River stebilization may be done by differ-nt typss of
protzctive dsvices which may be classified as to the materials
of which they are constructad, the goneral shape of the dsvices
or accordins te their functions or application . Details of these
mathods can be found in many raports (10, 8, 42). The suitsbility
of the method usedi for stabiiization-is dependent not only on the
purpose but also on the fund 2vailable, convanisnce in use for

short-run affzet and ease of maintensance.

2.4.1 Groin

A groin is a continvous arosion resistint natural or man-made
ban or barricr placzd transverse to ths primary motion of water,
and is founded on ground wetted by the flow at any time running
from a bank into the flow. It serves the purposes of (a) guiding
or deflecting the axis of flow, (b) estsblishing normal channel
width,(c) promoting scour and deposition of sediment where desired

and (d) trapping sediment load %o build up new river banks.

It is som=times colled asg spur,spur dike or transverse diks.
Groins may be classified accerding to the methed and materials of

construction, function servad by them and their hedi-hts.

2,4.2 Classification of Groins accordine to the methoi and material
¢f construction

fecording to the method and material of consgtruction, zroins

can be classified as follows:
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i. Imperm=able groins : ST

() Single line of steel orlconcreté sheet piline

(b) Double line o0¢ stesl or cbﬁcréte sheet riline,the
space beins Filledup with various types of materiajs,

(c) Rock &ike—plain cement“concrete, sronted or asphalt

surface’

1i. Permeable Zroin
(a) Precast plain cement foncrete block
(b) Precagt plain:bement concrete cells
(c) Metel rectongular cell
(d) Pile groin

(e) Pree zroin

1. Impermesble groin

Impermanhic groin consists of rock fi1l or sarth care
armoured with resistsnce meterial like stone groutéd rrocaat
rlain cement concrete blocks., It acts as =& 8011id obstructions
and does not =1low appraciable flow throush them. The gtream
current is thus deflactsad and immedistely dowﬁ stre-m of it the
strerm have concove curveture towsrds the hank from which it
extends, Such curvoture is conducive to the movement of bed load

towards this bsnk and hence giltine takes vlace thetre.

To prevent slipping of astone of the Froin nose and ghank into

the scour hole in the irmediate vicinity, =n apron is usually
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provided. This apron should be of sufficient length after
lavching to shield the sloping faces of the land bonk from below

the bottom of the slope faces down to the deepest bed level.

A very flat slope for the nose of the groin is obviously
expensive. Therefore groins =re given normally = slope of 1:2 to
1:3. Scour protcction can be reduced from head $0 bank because

scour gradually diminishes from hend to bank.

ii. Permzoble groin

A digtinguished ffom the deflectine or repelling action
of an impermeablc structure, permeability of a atructurs indicates
& dzmping action on the velocity of flew., Materinla suspended:-into
water zet deposited and the bank line starts buildine up. Therefore,
perme~ble zroins are more effective in gstream that transport heavy
sadiment load. In comnna 2tively clear riﬁers. this action results
in damping the erosive stren~th and thus prevent heni erosion. As
sedimentation occurs, the bank iine becomes more or less parmanent
and the permeable groing do not require dursble material to be

used in its construction.

The materials used for the construction of permeable groing
are chezpar and therefore, this type of aroin isg spzcinlly ad=ptadle
for river works wherc ‘stone ig difeicult to obtmain . Permeshle
£r0ing when congtructed doos not create ony abrupt change that

-

docg occur in the cnge of impermesble groin snd s0, no gsrious
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VVeddles and scour holes result. This is perhaps the reason why

81lt deposit is evenly and qulclky affacted.

' Permeable gorlns are not strong enough to resist shocks and
presgure from debrls, floatlng logs ctc..Therefore they are not

suitable for upper reaches of the river.

f32 4 3 01a881flcatlon according functlon sorved
Accordlng to the functlons served gr01ns may be cla381f1cd

as follows

i. Attfacting groin
ii.' Repelling groin

1‘iii.-Deflecting groin

i. Aftractiﬁg type of_groin

The grdins pointing in the downstream direction of flow
causing scour holes tc form closer to the bank than the groin
1nc11ned at right anglﬂs are generally called attraotlng tyre
cf groins. They maintain thc deep currents close to the bank.
The main attack of the rivers on the upstream face of the groin
and therefore reguirecs b@tter upstream protzction compared to

that on the down stream (Fig.2.1).

This type of groins are not generally recommended bceause

&

they endanger the adjacent river banks causing failure of pro-

tecting certain structures from bank erosion,
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'ii.-Repelling type of groin

Groins pointing upstream against the flow caudiﬁg'the'flcw
to deflecﬁ away from the bank ig geno*allj called Pup@lllng
groins, This hus the aavantag that dur+ng the flood the overflow
 1s dlreutud towards the centre of the river + hus av”ldlng strong
currants over the flood plglns and near the flﬂuﬂ dlks. A gr01n
pointing upstrcﬁm pruﬁuce a more ﬂeqlr able curvuturﬁ to the flow .
downstream les ading to pronﬂunCHd ﬁﬂpﬂSltlon. Furthormore such a
£€roin hag a larger stagnation rmglnn on thﬂ upstream 81ﬂe there-
fore it ié able to project-agnr dter length of bank than a gronin
k rointing downstream (16). Franco s finding alsn support this

view {(13).

The angle of Aeflecticn upstream varies 600 to 807 with the
banks or in oTher words, the groin fﬂciné“u%s*feam make an angle
of 10° to 30° with 2 line perrendicular to the bank or thalweg
Due to the disturbanﬂo caused by the hesd of the repelling groin,
heavy scour occurs dcwnstream, Therefore, thege groins should
have a strong hesd to regigt the direct attaok of the swirling
current. As in the attracting groin scour diminishes from the head
towards the bank ang protection of the slope and apron can be

reduced accordingly,

Recently, literal use of the metaphoric colloguial tcrms
"repelling and "attracting applied to groin action, has caused

misunderstanding, The nriginator of the terms eXplaing( 6):
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"The type cof groin deseribed in the paper was called a

repelling groin at poena, wherc groins were differentiateqg

into
three types, hamely, the fende

r groin, the idea of which wag

that the water should flow'smoothly past it: the attracting groin,

which attracted the river towards it; 2nd the repelling groin.

Groihs repelled or attracted largely because of their position

and not nerely because of the angle relative to river flows; but

provided the position we2s correct, a repelling oroin worked more
+

efficiently if it pointed slightly upstream whilst an

groin shoul’ face stme 45 degreeg downstreanm,

attracting

Actually, greoing Ao not repel cr attract-Athey interfere with

the natural Progresgion of.meandering in a way that mav give the

impressicn of repulsion or attraction.

iii, Deflecting type of groin

& deflecting groin cnly deflects the flow. It is much shorter

than a repelling groin and ig generally co

nstructed in. river pep-
pendicular to the bank (Fig.2.1).

2.4 .4 Clagsifics

tion according to the
high water

height of groin below

Thesge ars mainly submerged op non-submergad type. Generally,

submerged types of groin is rrz=ferrcd.
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214.5 Special typeg of Zroins

Besides the froins describeg in the previous sectiong,
séveral other special typos of groing are jin use. They are named
after their shape, local use or persins contributed for it, These
include hockey gréin, Denehy's T-hendeq groin, L-shapeq groin

ete.

Denchy's T-hended Broin was firgt constructed by Denehy at
Okla headwork on the Yamuna river (India) and‘therefore it ig
2lso known ag Dehehy's groin. The front rerpendicular arm of the
head is parallel to the current, Usually, the ﬁownstréam side of
the head hag a longer arm. 2 shorter lencth of these arning can;
protect more aran from eroginn coﬁpared to the other types.
Thersfore these are usually economical, Denchy's T-headod Zroin
has been used in the protection of Kushtis town from thekerosion
of Gorai river ang has been provea éffective.

A groin with a curved head is known ag hockey groin. It
increases the tendency of attracting flow towards it and, there-
fore, is not likely to be helpful for bank protection, The
I-headed groins with lower portion parallel to the flow cn the
downstream side are alsc in usge snd have been reperted to be

effeétivw (16).
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2.4.6 Functional design of groin

At first sight the function of = groin and hence Adesign,
might appezr to be straightforward"inlthat-they are intended to
provide some form of obstruction., However, the design difficulties
and intricacies should not be underestimated due to their place=

ment in a very complex and sensitive physical regime.

Functional design of the groin is the determination of its
length, height, spacing, shape, angle of inclination and permea-
bility. as the material of constructionlinfluencesthe performance
of the structure, it is also considered in the functional Aesign,
No generdl rule has yet been formulated for the deéign of groin.
However, a gnod number of attompts have been made to astmblish
relatirmships among the pertinent factnrs of design. Recommenda-
tions for zroin degien in the technicsl literature have orisinated
from three main fields of study: (a) Mathematical analysis (b)

Physical model analysis (c) Field datn under nrototype condition.

A wide variety of groin desisns have been used in rarctice.
Groin length, height, spacing, orientation sharte and permeability
can be varied. A number of different materials may be used for
construction and these can also sometimes affsct grcin performance.
Groin characteristics referred tc in the papvers when taken as a
whole, there appears to be no consensus of opinion as to the

functional design of groin.
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Mthoughthere are many papers in which some reference is
made to prototype sroins, there are rdlatively a féw which
provideAsu?ficiently deftailed data for an analysis to be made
of groin performance. Some authors write their own conclusgions
drawn from many years of experience, but without giving any
details of the groin-systems with which they have been involved.
This is valuable but does not permit other research workers to
make use of their data. For more details, refercnce can be made
to the works of shmed (1,2) fkikusa and Kikkawa(3) Nagai(31),
Fagai and Kubo (32), Monohar (29), Tomlinsnn (4) and reports of
BWDB(4) and IDFCRG(21).

A large number of river training measures incorporating
repelling groin constructed in India was anzlysed by Varshney and

Mathur(44), They suggested a seneral equation as follows:

D = 0.374 (47029 p -0.145y (2.5)
r
where,b = lensth of groin
w = width of active rivg}
r = flow Froude number
A = arc-cherd ratic of worst loop
2.5 Scour .

When alluvial streams are partinlly obstructed by hydraulic
structures like groins bridge piers. abutments, guide banks ecte.,

the bed level in the viecinity of the structure is lower-d ag o
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i
result of interaction betweéP the high velocity flow and the

loose bed and consequent medificetion in the flow pattern. Such

|
a local drop in the bed Jevel is known as scour. I the scour

depth is great enough to uncover the supporting soil of these
|

structures, it may subside there and ultimately washed out by

[
the current.

‘
|
;j

Different methods of co@?utation of scour have been proposed
by variocus investigators. Df?tinction is made between general
motion scour (where supply o% sediment from upstream is assumadi
and clear water scour (Where absence of sediment supply from

upstream is assumed), Reference can be made to Komira (23)

and Laursen (26,27).

The methods proposed assume alluvial bed mnaterial down to
the lowest layer uncovered. If bed rock is present at some dapth
2 considerably smaller scouredepth would be expectad. Ths same
is true if armouring effect interferes. Komura (24) has attempted
to account for the formetion of an armoured layer during scouring
by applying the methed of Gessler (37). The scour may be much
greafer than expected when the river bed consists of = layer of
ccarse or cohesgive material Jverlying'finer sand. If the upper
layer is removed during the scour process, an unexpectedly large
scour hole may develop, endangering the stability of piers and

embankments(17).
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Loecal seour around riers and abutments is caused by the
so—cailed horse-shoe vortex system characterized by a three
dimensional seperation of the viscons sﬁb—layer. This vortex
system is caused by the secondary flow and vorticity already rro
present ih the flow., It has not been ﬁossible to determine the
depth of local scour around the noge of =& pier from a‘theeretical
analysis of the water movemeﬁt around the pier. However, many
investigafors have been able fo provide some insight into these
problems by carrying out experiments. Reforence can be maﬁe to
Gill (18), Shen (39) and Inglis (37). The following remarks

should be made about local scour around piers:

(2) It should be realized thert the formulae and design sraphs
can at the best cnly yisld rough estimate of the scoﬁﬁ 
depthé to be expectad.

(b) Local scour arcund piers in cohesive and non-cohesive -
bed material shows different pattern,

(c) In debris-laden streams, the ' actual loc=l scour may be
considerably larger than determined by dats from iiferature;

(d) The methods proposed determine the mean ‘scour that will
ocecur during an extended flood. When feneral sodiment
motion cccurs and bed forms travel along the river bed,the
maximum scour depth will be longer than mean one. Neil édvises
that one-half of the height of the dunes be 2dded to the
mean gcour depth, howevef, the sum should not exceed clear

water scour dopth.

@




2.:5.1 Scour at the toc of eroin

From the model tegt of aroins at the Ganges near Hardines
Bridge, Inglis concluded thet zroin projecting from thé bank
into the chammel zive widely varyine value of maiimum scour

depths, ranging from 1.7 to 3.8 D1, wherg,

‘ 0.5 -
Dy, = 0473 (Q/1.76 a_"7) ... (2.6)
Q = discharge in cofs
dm = modian particle-size in mm.

depending upon the severity of the river curvature which in tursa
depends on the length, angle of projection and position of the

groin in relation to the attack,

In an attempt to caleulate the probable seour depfh for
various discharge intensities, fhmed(2) conducted several studies
in a laboratory channel. He suggested an eguation of the following
form: , 7
d_ = Kqg° . - ces | f2.7)
where, ¥ ig a factor whose value depends on the nosition of
groin and q ig the disch=rze per unit width af the eroin
constiction. After Analysing the scour problem by plotting

different non-dimensional terms that affect i%, he defined the

wifro

term ds/q &8s scour constant, Thig constant has been widely

accepted in the study of scour at the toe of groin.
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APPlying correction for vel~eity, Khosla connected ths
scour depth with discharge intensity using Kennedy's regime

flow formula (2). He gave the relation in the following form:

a, = 0.90 (q?/1)° .., V.. .. (2.8)

where f is a function of silt size and is known as Tacey's gilt
factor and q is the discharse per unit width in cfs. Thisg formula
holds for regime channel. He also recommenied multiplication

factors in caleulation of dS Tor different types of bends,




CHAPTER THRER

LABORATORY SET UP AND MEASUREMENTS

3.1 Introduction

The Hydraulics and River Engineering Laboratcry of the
Department of water Resources Engineering of Bangladesh
University cof Engineering and Technology,Dhaka, provided
required facilities for the study. The existing 2lluvial
sand bed flume together with the water supply gystem,
feasuring device, and automatic dry sand feeder were used
in this study.'The levelling instruments from the Department
of Civil Engincering were used. 4 brisf description of the.

facilities and the experimental procedure is given below:

5.2 The Mluvial Sand Bed Flume

The sand bed flume was 50 feot long, 15 £t wide and abrut
3 feet 6 inches deep having double walls along its len~th
(Fiz.3.1). The two a’+acent wvalls were seperated by an snnular
space of 6" wide. The inner wall was provided wifh + inch
diameter hole with a2 spacine of one foot both in horizontal
and vertical diresction to facilitate movement of water from
the sand bed to the annular srace between the two 2djacent
walls and vice versa. The woter table was controlled and

maintained to the desirable level in the sand bed by regulating .

the water level in the annular space. To avoid losses due to
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-

seepage, the bﬁter wall and the bed of the flume was made

water tightu

3.2.1 Water Supply System

A centrifugal pump installed near the tail water tank of
thé flume was used to supply water tc the test channels. Water
wag allowed to enter the inlet of the channel through a delivery
pipe line from the pump, which aftcr fiowing thrrugh the channel
entered into the tailwater tank. It was recircﬁlated by means
Of the pump and the process was followed +o have a continunus

supply through the test chénnel.

The loss line attached to the delivery pipe line was used
to maintain the desired discharsc, Reguired amount of water was
| ;
allowed into the test channel and excess wes diverted into the

tailwater tank throush the loss line.

3,2.2 Flow Measuring Device

An one-inch automatic flow meter connected +o the delivery
pipe line was used to measure the volume of water flowirng through
the line.'This meter was provided %ith the facility of taking
the volume readings with an accurécy, of one-hundredth of =
gallon. The time required to flow k10 galloﬁs of water wag

recorded by a stop watch and the discharge rate was calculated.
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3.2.3 The Tailwater Tank

The tailwater tank at the downstream end* of the flume was
used as the source of supply of water for the pump. As the water
was made to recirculate, this tank was provided with beffles for
gsettling down the éediment carried from upstream. The tailwater
level was maintained constant by supplying water from the main
supply line of the laboratory. Approximately one foot length of
the test channel at the downstream end, measured from the tail-
water tank was kept submerged throughout the test. This arrange-
ment permitted the stream to change its longitudinél water surface
slope naturally, and to eliminate back water effect in the lower
part of the test channel. Thig also helped the pump to operate

under a constant head thereby maintaining a constant discharge.

3.2.4 The Sand Bed

A miture of fine and coarse sand was used as the bed and
bark material of the test channel. The gradation curve of the
sand is shown in Fiz. 3.2. The medien gize (dé¢ined as 50 percent
of the material is finer than the gilven size and denoted by dSO)
was found to be about  0.147 mm, The gradation coefficient £ ,
which expresses the size distribution of the bank and begd
material, was found to be 2.65. The gradation coefficient is
defined as:

a d :
6 = 84, 20, .. .
%‘ ( d50 + d16) (3 1)

where, d84 and d16 are the size of the bad or bank meterial for
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which 84 percent:and 16 percent materials respectively are
finer. Hence, .5 it the averaze glope of the two semments of

the sradation curve.

3.2.5 Flow Entrance

An initial bend of about 30° with the longitudinal axis of
the initial channel was provided in 2ll test setg to.develop
uniform meander pattern. This also allowed a slow transition in
velccity from the entrance to the channels. Thin steel plates
of about four feet long was used for providing this initial

hend.

3.2.6 The Dry Sand Feeder

In automatic dry sand fecder located at the upstr-am end
of the flume wasg used for sediment feedine. The feeder was
driven by a motor having a gear box with centrel deviceg »f
regulatines the sediment feed intoe the channel. A calibration
curve for the rate of sediment feel was prepared (Fis.3.3),
This curve‘was used to maintain the desired sediment lond in

the channe]l..

Material same as that uged for the preparation of the
bed of'the flume wag introduced at the entrance of the fest
channel from the dry sand feeder. The rate of sediment feod

was taken as 880 ppm and was kept constant throughout the test
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runs. This rate wes Asterminegd by a fow trial runs and was
compared with the actual values for some rivers of Bangladesh
(43). Also this rate was found to be in agreement with the
sediment concentration versus Froude number rlot by wWilis et a1l

(45),

3.2.7 Initial Channel

The size of the initial channel was 8 inches wide and 2
inches deep. This size was kept constant in all the test. The
channel was moulded in the flume bed by trowell aﬁd template
as shown in Fig. 3.1. The initia] channel éimensions were fixed
by regime'equations using the values of constants estimated by
Nishat (34). These dimensions were subsequently checked by

lacey's regime equation(40).

5:2.8 Discharge and Slope |
A constant discharge of 0,03222 cfs and a slope of 0,00333%
was provided in all the tagts, These values were kept constant

throughcout the study.

53.2.9 Measurement

A movable bridge with a point fFauge mounted on it was used
for taking reading. The brid~se was marked in feet and inches
with zero at the centrs that coincides with the centre line of
the initial channél.'The bridge was operated manually over a

rail placed on the top of the side wall. The rail was graduated
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in feet and the positidn of the bridse was read from this
graduation. Tc avoid any error due to sage of the movable
bridge, all the readings werc taken with the help of a lavel

with a2 fixed benchmark,

3.3 Bxperimental Proceﬁure
For all of the test rung, the experimental procedure were

ag follows: .

The sand in the flume was levelled and compacted. 4 channel
wasg excavated along the lengitudinal centre-line of the flume
with the help of a trowel and template. To provide the inifial
channel with the pre-determincd slope a string was held tiechtly
along the centre line of the flume and elevations were taken
at intervals. After the channel was excavated, the tailwater

. tank and the ammular sﬁace, hetween the two walls were filled
with water upto a level on 2 piece of weod in the tailwater bhox,
This level was predetermined from previcus trial runs., The
channel was given sufficient time (about 12 hours) so that the
greundwater level could be raised to the level of water in the

tailwater bozx.

Water was supplied to the channel by operating the recircula-
ting centrifugal pump. The discharge of the pump ﬁas maintained
at & constant desired value with the help of the loss line

. attached to the delivery pipe. Dry sediment was fed at the entrance




of the channel bylthe previously calibratsd sand feeder. The
rate of the sediment feed was Xept at a predetermined velue with
the help of the zear-bex indicatoor. The rate of change of bank
formation was very high at the beginning of the test run. After
several -hours of running the channel was found to have obtained
a gtable shape. This wag evident from more or less stable shape
of the meanders. To test the stability of the channel, water
surfacd and bed elefations at four differenf locations were
taken.and plotted in a graph paper. The water surface alope

and bed slope were calculated. If these two glopes were equal,
the channel was faken to be stable. Otherwise, the test run was
containued until these slope wereo equal. The time required to
achieve this condition varied from 72 to 125 hnours depending

on whether the channel was run continvously or intermittently.
Aftér the test run achieved this quasi-equilibrium status, the

following data were collected:

i. Location of the left and richt banks alone its profile.
ii. Loecatisn and sloﬁe 2long the thalweg,
iii. Location of pcols and crossings
iv. Cross-section of the channel at bends Whefe groins were
to be placed.
V. Cross<section of the channel at upstrezm crossings of
the bends where Zroins Wefe to be placed.
Vi, Cross~section of the channel at downstream crossings of

the bends where groins were to be rlaced,
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- Also, tc observe the ﬂove]onment of meandiers, loc-tion data

of the banks and the thalweg were taken at Aifferent intef%al

of tire after the starting of the test run.

Impermeable groing male of golid metal plates were placed at

the desireqd locations after collecting the above data. Test run

was then continued untii stablllty was rastored. “Again, the water

surfaco SlOpe and bed slope were determine’ by taking elevations

at four different locations to check the stability. At the end

of thlS stage the folJﬁW1ng data wera collected:

Location of 1eft and risht bank élnng its profile

ii. Tocation and slope of the thalweg

iii.<0ross—section 0f the channel at bends whera froing

were placed and %t COrssings where carlier measurements

were taken,

iv. Depth of scour hole formed a2t the toe of the zroin at

% inch interval along lines paralle and perrendicular

to the groin

V. Area of the scour hole

Vi. Length of the ares rrotected along the bank line of the

channel, both at upstream and downstream from the groing

placed at the aforesaid bends.
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Single groins of diffezrent projection and placed at
different locations were studied. A total of six test runs
were made in the 1aboratofﬁ. In three of them, effect of singie
groins placed a2t thelcentrg.of the bends were studied. In the
other three, single zroins ?laced at a distance of 10 percent
of the average channel width upstream from bend centre were
studied. In all the runs, Zroins were placed at two Aifferent
bends spacing between them was such that the flow characteristics
at the downstream groins we?é not affected by the upstream groin.
Thus sgix sets of results wege cbtained in the study of single
groin placed at the centre of bend and another six sets in the
study of single sroin placed 10 percent upstream of the bend
centre. . !
In the study, groin projections ratios were varied from 5
percent to 30 ﬁércent'of f@?-average'channel width with an

increase of about 5 percent.

(CH




CHAPTER FOUR

RESULTS AND DI SCUSSION

4.1 Introduction

To study the effett of location an? projection of a single
groin, data collected from the laboratory set ur have been
analysed. The downstream length protected by groin, Ld,the
maximum scour ﬂepth ds and scour ares As formed at the toe of -
the groin, the length of groin projection b and aversse channel

width W, have been considered for analysis.

In an attempt to establish non-dimensional rarameters
affectirg scour at the toe of groin, Ahmed (2) susgested that
b/W is a more useful independant variable than b and the dis-
charge per unit width atitthe groin constriction q is an importont
variable. Also the scour congtant K as used by Ahmed has been
widely accepted for the study of gcour at the toe of the groin,
Because of the wide écceptibility c¢f his sugg estions, these

parameters have alsc been used in the analysis.

‘The “epth of scour is very'importgnt factor in the design
of groin and 2lso in the prediction of the groin performance,
So the scour depth as messured ir the experiment has beon 3

compared with those obtained from Aifferent formilae presented

in Chapter-2.
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Attempt hag been made to relatc the parameters by statistical
analysis using the computer of BURET Computer Centre. The relation-~
ships obtained have been compared with those given by Héssain

(20).

‘The effect of leention ang projection of groins as observed
from the laboratery tegt runs are described in the following-

sections:

4.2 Effect of groin,pn downstream leneth protection

It was found that depcsition of sediment occurs 2t the
downstream face of the croins. The lenesth of this depcsition
was measured from the groin along the downstreanm bank, Thes ma jor
cause for the siltation at the downstream of the Zroins was the
obstruction createq by the groin projection to the main flow
with a reduction of velocity in the vicinity of the area. Tt
has been mentioneq earlier that eroins were placed at two
different locations {(at the bend centre and at ten percant
upstream of benq centre) and their rrojections were varied;
Figs. 4.i t0 4.12 show the location and projection of the groing
and-identify the posgition ot banklines ond thalweg bafore and
after the placemeﬁts of groin., Results obtained in relation to
the downstfeaﬁ length protectad are therefore discugsed in the

following two sub-gsections:
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4.2.1 Bffect of projection of groin on downstream length
protection

It is interesting to ncte thaﬁ ag the projection ratio of
groin is increased, the downstr-am length protected increases
uptc certain value of pféjection ratic, but beyond this value
the downstfeam length protected decrenses with the inerease of
groin projection. This is evident from figure 4.37. The value
of projection ratic at which downgtream length protection
becomes maximum is found from figure 4.37 to be 17% for groins

placed at bend centre and 23% for groins placed at ten percent

'upstream of bhend centre.

lWhen a groin is nlaced at.a bend it deflects the thalweg -
away from the bank (Fig., 4.1 to 4.12). As the zroin prcjectiosn
increasecs, the shifting of the thalweg from its previous position
starts from a greater distance upstream of grdin. As we g0 on
increasing the.prmjection, the thalweg may take such a form that
the flow hits the downstream bank and ercdes it threﬁy decreasing
the downstream length protected. This may be the possible explas-

nation of the obtained results.

The results obteined do not agree with those obtaineﬁ by
Hossain(20), This disagreemont may arise because of the fact that
in his study Hossain ignored the effect of groin locetion on the
downstroam length protected. Ingtead of analaysing data obtained
for different projrctions at a fixed position he analysed data

for different projections at different groin locatinns.
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Ffrom the plotting of Ld/w and b/W of Irrigation, Drafn%gé

and Flood Control Resesrch Council (Fig. RCP/2b/4 of (5%) i

Day be observed that the relationships between these dimension-

less parameters is in agreecment with that obtained in the pregent

study. Fit the value of b/W for maximum Ld/W differs, The pogsible

explanation to thig dis-agreement may be that the bank and beq

materisl uged in that study was of different gradation. .
¢

In an attempt fo establish = relaticnship between the

downatream length protected and groin projection, the dimension-

less parameter b/W has been chnsen ag independant variable and

Ld/w as depend@nt variable, A polynomial varistion urto seventh

order wag assumed, The bhegt fit correlation was cbtained when

the polynomial variation taken was of the order five for sroins

at bend centre anq four for zrins 107 upstream of bend centre,

The coefficients of correlation wag found to be 0.984, and 0.972

respectively.

The egquation obtained for single groin placed at the centre

of the bend ig as follows:

Ly/W = a  + a, (b/¥) + a,(b/W)2 4 a, (/) 4 a, (b/w)4
+ a5(b/w)5 e eee {(4.1)
where a_ = 5,26814 x 10~2
8, = 3.45609 x 10~2
aé = 1.29468 x 10~

-
T
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a5 = ~3.11638 x 107"
a, = 1.33688 x 1072
and &g = ~1.82269 x 1077 |

Though equation 4.1 is not recommended to be conclugive, it
shows the probable trend of £roin projection in protecting

dewnstream length,

4.2.2 Bffect of location of groin on the downstream length
protected,

It has been cbserved that the £roin when placed ten percent
uﬁstream of bend centre shows the similar behavicur in relation
to the lenath of dcownstream ban& protection as described in
.ééction 4.2.1. Fiaz. 4.37 shows the relstionship of Ld/w with b/v.
For same projecticn ratio, the mfoin placed at ten percent
upstream of the centre of the bend was found to nrotect o lensth

shorter than the lensth rrotected with groin placed at the bend

centre,

The relaticn between Ld/w and b/W has bveen found %o be as
fellows:

Ld/W =a, + a, (b/W) + ag(E/w)D + a3(b/w)3 + a4(b/W)4 ...(4.2)
where, a,= 6.86922 x 10=2

a,= 7.92330 x 1077

= 9.58688 x 1074
8= ~3.8427 x 1070
and a,= -1.56500 x 1077
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Comparison of ‘the two curves presented in Fig. 4.37
indicates that zroins placed at the centre of the bend have
better performance over those placed at ten rercent upstream-'

g

of bend centre.

erogion -
| ' '
- Channel bank ercgion wag observed dus to the placement ~f

4.3 Effect of groin on bank

groins, The cause of this erngion may be due to the flow causing

whirling motion on the backside of the groin.

Brosicn observed was found to be of two types (a) upstream
bank erogion. and (b) Hownstream bank e}osion. Brth types of
erosion was measured from the initial banklinc 2lonz the lengsth
of groin.

y.

It was noted thst for small eroin projections, the urstrean
bank eroded. The lencth of this erosion wog Tound to decrease with
increase in groin projection. When sroin nrojecticn ratio was
further increased nc erosion of the upstream bank was found to
occur. Also, the upstream bank erosion was found to he creater
when the groin- was placed at the centre of the bend, and to be
less when groing were placeﬂjat ten percent upstream,for groins
having smalle; prejection ratio. As the projection ratio increased
the ercsion in both cases debreased and there wasg almost no

ercsion in the upstroam side|when the retio becams 1ittle high.

|
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Downstream hank erosion was observed 2t the hisher or-in
s i i I
projection ratio. Thisg erdslon was found to be pronounced for.
the groins placed at the ten percent upstream of the centre of

the bend.

4.4 Effect of groin on the cross sectional area and velocity

The variation of cross-secetion at the bends where groins
were placed, variation of'cross—section'at crossing upstream of
the bend and variation of .Crogs-sections at crossing downstream
of the bend are shown in Figs. 4.25 to 4.36. The continucus firm
line indicates the cross section before placing of Zroin and the

broken line indicates *he cross—-gection after rlacing of grnin.

Brosion was observed at the oppasite bank of the zroin side.
Little varistion of cross section at creossine wererobserVed.
Placement of grnin at the éoncave bend resulted in the reduction
of channel width angd thel@ffective flow area. The velocity of
flow was thus incrensed since the ﬂischﬂrnp was kept congtant.
This increase in v01001ty resulted in scour of bed vertically
downward at the groin side bbnd and deep water channel was
shifted away from the bend IThO deflect d and increased current
at the bends may havs lost itsg energy in scouring around groiﬁ
toe forming vortex and eddies and that mzy be the probable

reason for more or less stable nature of crossings(20),



4.5 Scour at the toe of ﬁroiﬂ

It was observed that in al1l the tests, scour holes were
formed at the toe of the groin. The plan area and pattern of
ﬁhe gecour hoie, the maximum scour depth were observed during’
.the tesc. It was found that tie above features of the scour
_hole, together with the scourﬁconstant, varied with the variation
cf projection and location of the groin. The variations observed
and the relétiohship obtained there from arc discussed in the

following sub-secticng:

4.5,1 Bffect of projectinn of ~roin on the scour area and‘pattern
| Figures 4.13 to 4.2{ show the plan area and pattern of the
scour farmed at the tos of the groin. Depth contours with an
interval cof 1 centimeter were ?rawn in the vicinity »f each
groins tested. The ocuter contour line &ives the boundary of the

scour  area,

The size of the scour hnles were found to incresse with the
incréase of grein yrojection for both the groinsg rlaced at the
bend centre and at ten percant upstream of bend centre. However,
the rate of increase in the two casés were different, To ascertain
the trend of increase of scour-area with the increase of aroin
projeticon ratio,the parametersuﬂs and b/W were analysed ststig-
tically. Best fil correlation ﬁas caleculated. Fig. 4.38 ghowg
the best fit correlation with equations. For groins placed at

the ceoentre of the bend the equation tnkes the form.

-




Ay = 0.06684 (/) 0656 (4.3)

The correlation coefficient was found to be 0.9638,

The shape of the scour hole may be observed from Figs.4.13
to 4.24 to be a balloon shape with a bulge at one corner and
peinting towards the downstream dircction. The shape of thege
scour holes are more or less in agreement with those nbtained '
by Ahmed(2). However some difference hag been observed in some
cases between the shape of scour holes formed but no definite

remark can be made from the present study.

A strong vortex structure, fromed at the tos of the groin
having vertical axis of rototicn, wids ned the scour area with

the incresse of sroin projection.

From aroins placed at ten rercent upstream of bend, the
relatiornship between the scour arez and. the eroin rrojection
rﬁflo wasg f0unﬁ to bhe ’

ﬂs = 0.12108 (b/W)O'4305 ‘e (44)

The correlation coefficient in; this cnse was 00,9640, Though
equations (4.3) and (4.4) may ndt be recommended to be conclusive,
but they show the trend of variation of seour area with #he

variation of groin projection ration and location.

4.5.2 Bffect of projection of grein on the depth of the
scour hole

Figure 4.39 shows the relationship between the maximum depth

of scour hole and the groin projection ratio. It was observed
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that the non-dimensional nlotting of ds/W'versus b/W instead of
dy4 versus b/W shows a better correlation,. Therefore, the depen-

dent variable was chosen 4o be ds/w.

The maximum depth of scour hole was found to increase with
the increment of eroin projection ratio, for the both cases
when groins were placed at bend centre and at ten percent

upstream from bend centre.

The equations relating ds/w and’ b /W for best correlation

was found to bhe ag follows:

For groins placed at bend centre

1,/W = 0.03755 (b/w)0+22694 | e (4.5)

The coefficient of correlation was 0.6777,

For groins placed a2t ten percent upstream from bend centre

A /W = 0.02412 (b/y)0-3%424 | e (1.6)

The coefficient of correlstion was 0. 6690,

In both the cases, the point of maximum depth was found
to oceur at a little downstream from the toe of the groin due
to the combined action of vortex structure and flow velocity
towards the downstream dircction. Comparison of the maximum scour

depth-for the two cases ghows that the observed scour depths for
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both the cases were almost of the gsame nrder of masnitude

for the same projection ratio,

4.5.3 Effect of a~roin projection on scour constant,X,

It was observed that%the scour constant, 2 measure of gscour
depth, when plotted withﬁ%he groin projection ratio showed the
trend to increase with the increase of groin projection ratio
(Fig.4.40). The relationships obtained for the best form of

correlaticon are as followa:

For agroins placed at the centre of the bend;
K = 4.9404 4 0,02812(b/W) ... .o (4.7)

The coefficiocnt of correi@tion was found to be 0.8825.

: ¢ 1
For groing placed at%fan percent upstream of band cantre.
K = 4.0822 + 0.0199 (b/W) ... e (4.8)

The coefficient of correiation wags 0.8582,

From fizure 4.40 it may be observed thot value of scour
constant for groins rlaced 2t ten rercent uvstream of hend
centrs is less than the value for Froing rlaced at the centre

of the bend for the same projection.




4.6 Comparison of fredicfed scour depth

The maximum depth of [scour observed at the toe of the
groing were compared with?thdse predicted by several investiga-
tors. Comparison was madc;with thé OQuations given by Inglis,

|
Ames, Thosla and Hossaig.

When the maximum scou? Aepth cbtained was compared with

that predicted by Inzlis'| equation, (Egn. 2.6) it wag found +that
the results obtained are'vefy cloge to the lower 1imit as
gspecified in the Inclis eqguation. Results obtoined from Ahmed's
equation (Eqn.2.7) are in sgreement with the present study.

Als0o maximum scour iepthlas obtained from Hossain's equation
(20) is in sgreement with the present study. The maximum séour
depth obtained in this study was found to be very high comparéﬁ

to the prediction by Khogla's esquation (BEgqn. 2.8).

1




CHAPTER FIVE

CONCLUSION AND RECOMMENDATION

5.1 Conclusion

A serieg of tests were carried out in the laboratery to
study the effects of location and projectiag of a sihgle groin
in a bend. The groin projection ratio was varied from 5 percent
to 30 percent with an increase of about 5 percent eaph time.
The various groin projections were studied at two locaticns, one
2t the centre of the bend and the other at 10 percent upstrean
of ths bend. Based on the study ag described in chapter three,

the following conclusgions may be drawn.

1. With the increase of;ﬁrojection ratic, the downstrean
protectedllength increases when the the placement of the
groin is centrally located. Bevend projection ratioc of 17,
the protected lensth decreases. For sroins rlaced at ten
percent upgtream of bend centre. same trend of varistion of

- downgtream len~th protected by zroin is found. The maximum
value of groin projeétion ratic for maximum length of down-

stream protecticon in this case is 23%.

2. There exists a good correlstion between Ld/w and b/wW
(Eqn.4.3'and 4.4) and the data are in sgreement with the
results obtained by shmed (1). Morecver, groins placed at
hend ce@@re have better performance for the protection of

S
2
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downstream lensth compured to the plncement at ten

- percent upstream of hend,

The area of the scour hele ihcreases with the increage

of groin projection for #roins placed both at the Centré
and at ten percent upStream of bend centre. 4 Lood c&rre—
lation exists between scour arcs and gzroin projection
ratic. The scour ares formed at the toe of sroin increases
at a faster rate for the groing places at bYand centre than

for the groin placed at 10% upstroam of the bend centfe.;

The maximum depth of scour hale at the tee of the Zroin
increases with the increase nf froin projecticn for eroins
rlaced bath at thé centre anl at ten percent upstream. A
fair correlsation was ~btained hetween the maximum depth of
scour and different srsin rrojections. The maximom -Aepth of
scoﬁr hole has been obgerved tn be more in cage of ~roin
located at the bend centre than that incase of rroin located

at 10% upstream of hend centre,

The values of agcnur constant increases with the increngse of

-

groin projection for £roins placed both at bend centre and
ten percent upstream of bend centre. The values of scour
congstant for groing ptaced at ten percent upstream is less

than compated to the placement at the centre of the bend.




A good correlation Eetween the scour constant and zroin
rrojection ratio wasg found for both the loc=tiong of

groins.

5.2 Recommendationg for future study
The study of the effect of location and projection of 2
single groin in a bhead may be extended by incorporating the

following.

1. By using different sjze of bed and bank material

2. By varying the discharge ovor o wide range |

3. By changing orientation 0f groin with respect to bhepd
curvature,

4. By using groinsg of variocus shap-s and types

5. Br applying the tidal infiuence from Townstream.
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Table - 1

Set up & 1
- Section + 1-9

Initial channel slope :0.00333
Discharge :0.0322 cfs

Groin projection
Groin Location

1. Slope
Drojection, ft.
Channel width, £+,

Area of Cross-section,sft.

2.
3.

4.

5. Maximum depth of flow, ft.

6. Average depth of flow, ft,
T Average velocity of flow, fps.
8+ Wetted perimeter, f't.

9. Hydraulic radiug, f't,

10. Meanderﬂiengfh;ft.

{1. Meander thalweg length, ft.
12. Chan el length, 4.

13, Channel sinuosgity

14, Thalweg sinuosity

_15. shear stress, pound /fsft,
16, Stream 7power,ftflb/sec.ft.
17. Maximum cepth to width ratio
18. Froude Number

19, Relative radius of curvaturc

20. Mannings roughness
co~efficient

2. Maximum scour depth, ft.

5.27% Before groin-} After groin
Bend centre placing placing
0.00101 6.00167
-0.12500 -
3 .50000 4.25000
0.07639 0.11806
0.24166 0.41666
0.02183 0.02778
C.42178 0.27291
3.52690 4.42913
0.02166 0.02666
15.74803 14. 76378
19.68504 20. 66929
13.50000 12. 500000
1.16652 1.18110
1.45815 1.65354
1 0.00137 0.00278
0.00203 0.00336
0.03333 0.04902
0.50307 0.28855
1.78571 1.47059
0.00859 0.01962
- 0.22310
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Table 1 (Contd,)

Set up : 1 . Initial channel slope: 0.00333
Section: 1-1 : Discharge : 0.0322 cfs

Groin projecticn : 5.27%

Groin Iocation : Bend centre Before groin After groin

Placing placing
22. Plan area of scour,sft. - 0.19800
23. Downstream length-
protected, ft, - - ' 1.00000
24. Upstream bank caving - 0,08333
t
25. Scour constant,k _ - 5.15956
26. Downstreazm length protected/
Projection - 8.00000
27. Upstream bank/projection - 0.66667
28. Downstream 1ehgth~protected/ .
' width - 0.23529

29« Meximum scour depfh/width A 0-05245




Set up 1

.
P g
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Table = 2

Initi 1 channel slop. . 0.00333
Section: 4-4 Discharge 0.03222 cfs
GI‘Oin pI‘OjGCtiOl’l H 1003% | Aftelﬁ groin

Before groin

Groin Location Bend centre placing . placing

1. Slope | | 0.00101 0.00167
2. Projection,ft. 0.22917 -

3. Chennel width,ft, 4.,00000 3.75000
4. Area of cross-gection, sft. 0.11111 0.14410
5. Maximum depth of flow, ft, 0.10500 0.19667
6. Average depth of flow,ft. 0.02778 0.03847%
7. Average velocity of flow, fps.. 0.28998 - 0.22359
8. Wetted perimeter,ftf 4,10105 5.95341
9. Hydraulic radius,f%. 0.02709 0.03645
10. Meander length, ft. 14.76278 14.76378
11. Meander thalweg leneth, £+, 18.70079 19.68504
12. Char el length, ft, 12.0000C 12,50000
13. Channel simuosity 1.23032 1.18110
14. Thalweg sinuogity - 1.55840 1.57480
15, Shear stress, pound /sft. 0.00171 0.00380
16+ Stream power,ft-1b/sec.Tt, 0,00203% 0.003%6
17+ Maximum depth to width ratio C.02625 0.05245
18. Froude Number 0.30660 0.20100
19. Relative radius of curvature 1.06250 1.13333
20. Mannings roughness co-efficient 0,0145% - 0.01987
21. Maximum scour depth, ft. - 0.20609
22. Plan area cof scéur,sft. - 0.27800
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Table ~ 2 (Contd.)

Set up : 1 Initial channel slope: 0.00333

Section: 4-4 Discharge : 0.03222 cfs
Groin projection: 10.3% _ _

. . . Before groin After groin
Gr01g Location : Bend centre placing placing
25. Downstream length .

protected, ft. : - 1.25000
24, Upstream bank caving - 0.08333
25. Scour constant,K - _ 5.21186
26. Downstream protected/

projection - 5.45455
27. Upstream bank caving/

projection : - 0.36364
28+ Downstream length .

protected/width - 0.33333

29. Maximum scour depth/width s 0.05496
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Table - 5

Initial channel slope;: 0.0033%
0.03222 cfs

Set up : 2

Section: 1-1 Discharge

Groin projection: 15.69% Befors groin Aifter Zroin

Groin Location Bend centre placing placing
1. Slepe C.C0101 0.00167
2. Projection,ft, 0.33333 -
3. Chernnel width,ft. 3.25000 4.08333
4. Area of cross-section, sft. 0.10938 0.18264
5. Maximum depth of fiow, T4, 0.10499 0.24934
6. Averase depth of flow, ft. 0.03366 0.04473
7. Average velocity of flew,fps. 0.29457 C.17641
8. Wetted perimeter,tt. 3.31365 4.26500
9. Hydraulic radius,ft._ 0. 03301 C.0%282
10, Meander length, 4, 12.79528 15.05906
1. Meander thalweg iength,ft. 16.73228 19.68504
12, Cha.nel length,ft. 12.00000 13.25000
13. Chonnel sinuosity 1.06627 1.13653
14. Thalweg sinuosity 1.394736 1.48566
15. Shear sfress,pound/sft. C.00208 0.00446
- 16. Stream power, ft-1b/scc.ft. 0.00203 0.00336
17. Meximin depth to width ratio 0.03230 0.06106
18. Froude Number 0.28295 0.14699
19. Relative radius nf curvaturc 1.53%846 1.22449
20. Mannings roughness
co-~efficient 0.0163 0.03169
21. Maximum scour depth,ft.. - 0, 24606
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Tablelu-B (Contd.)
i

Set up : 2 Initial channel glope: 0.0033%
Section: 1-1 Discharge : 0,03222 cfs.

Groin projection : 15.69% .
Before groin After groin

Groin Location : BenL centre placing placing
22. Plan area of SCHurL sft. - 0.45800
|
23. Downstream length . : '
protected, £t - 1.43333
24. Upstream bank caving - 5.41451
25. Scour constant,K - 5.41451
26. Downstream longth .
protected/projecti@n - 5.50005
27. “Upstream bank caving/
nrojection ' - 0.12501

I

28. Downstream length vrojected/
width - 0.35102

29. Maximum scour depth/width - 0.06206




Set

Section: 4-4

Table - 4

up : 2
Discharge

Initial channel slope: 0.0033%%
0.03222 cfs

Groin projection -
Groin Locatinn

20.29%
: Bend centre

1. SlOpe

2.
3.
4.
5.
6.
7.
8.
9.

10,
11,
12,
13.
14.
15.
16.
17.
18.
19.
20.

21,

C

Frojection, ft.

hannel width, f't.

Area of cross-seétion,sft.
Maximum depth of flow,ft.
iverage depth of fiow,ft.
Average velocity of flow, fps,
Wetted'perimeter,f£1

Hydraulic radiug,f$.

Meander length, ft.

Me ader thalweg length, ft.
Channel length,ft.

Channel sinuosify

Thalweg sinunsity

Shear stress,pound/sft.
Stream power,ft-1b/sec. ft.
Maximum depth to width‘ratio
Froude Number

Relative radius of curvature

Mennings roughness
co-efficient

Maximum scour depth,ft.

Before groin

After groin

placing placing
0,00236 0. 00203
0.58333 -
3.16667 3.16667
C.12674 0.23958
C.10302 0.24278
- 0.04002 0.07566
0.25422 0.13449
3.28084 3.31365
0. 03863 0. 07230
9.84252 10.82677
12.30315 13. 28740
8.50000 9. 25000
1.15974 1.17046
1.44743 1.43648
C. 00569 0.00916
C. 00474 0.00408
0.0%253 C. 07667
0.22395 0.08616
1.10526 1.10526
0.03210 0. 08564
- 0.24278
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Table — 4 (Contd.)

Set up : 2 Initial channel slope: 0,00333
Section: 4-4 Discharge : 0.03222 cfs

-

Groin projection : 20.29%

Groin ILocation : Bend centre Before groin After groin

placing placing

22. Plan area of scour, gft. - 0.54250
23. Downstream length

protected, ft. - 0.91667
24. Upstream bank caving. - 0.04167
25. Scour constant,K : - 5.25016
26, Downstream lenath protected/

projection - 1.57144
27. Upstream bank Caving/project - 0.07143
28. Downstream length protected /width- 0.20745

29. Maximum scour depth/width IR 0.07571
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R Table — 5

Set up @ 3 Initi.l channel slop : 0.00333%
sSections 1-~1 Discharge 0.03222 cfs
Groin projection : 24.65% Before groin After groin
Groin Location Bend centre placing nlacing
1. Slope 0.00236 0.0020%
2. Projection,ft. 0.72917 -
5. Channel width, ft, 3.50000 3.58333
4. Area of cross-section, sft. 0.09722 0.20660
5 Maximuﬁ depth of flow,ft. 0.08202 0.22310
6. iverage depth of flow,ft. 0.02778 ‘ 0., 05766
7. Average velocity of flow,fps. 0.33141 0.15%95
8. Wetted perimeter,ft. 3.58842 3.77297
9. Hydraulic radius,ft. 0.02709 C.05476
10. Meander length,ft. 10.33465 9.84252
t1. Meander thalweg length,ft. 12.30315 12.30315
12. Ch. imel length, ft. 9.00000 1.12486
13. Channel sinuosity 1.14829 1.40607
14. Thalweg sinuosity 1.36702 1.40607
15. Shear stresss,pound/sft. C.00399 0.00694
16. Stream power, ft-1b/scc.ft. C.00474 0.00408
17. Maximum depth to width rotio C.023473 0.06226
18. Froude Number | 0.35041 0.11445
'9. Relative radius of curvature 1.28571 1.25582
20. Mannings roushness

co-efficient 0.01941 0.061 31
21, Maximum scour depth, ft. - 0.24934
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Table - 5 (Contd.)

Jet up & 3 Initial channcl slope: 0.0033%3
Section: 1-1 Dig¢harge : 0.03222 cfs

Groin projection : 24.65% Before greoin After groin

Groin Loecation : Bend centre placing placing
22, Plan area of scour,sft. - 0.58140
23. Downstream length protected, ft, - 1.08333
24. Upstream bank caving - 0.12500
25. Secour constant,X - 5.76622_
26. Downstream leneth protected/
' projection - 1.48570
27. Upstream bank caving,/projection - 0.17143
28, Downgtream length projected/width - 0.30232

29. Maximum scour depth/width _ o 0.08428
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Table -~ &

Set up : 3

Initial channel slope: C.00333

Sectio..: 4-4 Discharge 0.03222 cfsg
Groin projection :-29.89% Before groin After groin
Groin Lopation Bend centre blacing placing
1. Slope C.00236 0. 00203
2. Projection, ft. 1.08333% -
3. Channel width, ft, 3.91667 4.12500
4. Area of crogs-section, aft. C.14236 0.28646
-5« Maximum depth of flow, ft. 0.12467 0.21982
6. Average depth of flow, ft. 0.03635 C.06944
7. Mverage velocity of flow, fpe, 0.22633 0.11248
8. Wetted rerimeter, ft. 4.10105". 4.26509
9. Hydraulic radiug, ft. 0.034714 C.C6716
10. Meander length, ft. 9.59646 10.43307
1. Meander thalweg length, ft, 13.53346 12.76378
12. Channel length, 4. 8.25000 9.50000
13. Channel sinuocsity 1.16329 1.098p22
14. Thalweg sinuosity T.64C42 1.55408
15. Shear stress, pound /oft, 0.00511 0.00851
16. Stream power,ft-1b/sec.tt., 0. 00474 0.00408
17. Maximum depth to width ratioc 0.0318%3 0.05329
18. Froude Number 0.20920 0.07522
19. Relative rsdius of curvature 1.19149 1.131314
20. Mennings roughncss
co-efficient 0.03356 0.,09747 -
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Table - 6 (Contd.)

Set w : 3 Initial channel s .ope: 0.00333
Section: 4-4 Discharge : 0.03222 cfs

Groin projection : 29.89%
Before groin After groin

Groin Location : Bend centre placing placing
21. Maximum scour depth, ft. - 0.24606
22, Plan area of scour,sft. - . 0.52030
23. Downstream longth protected, £t. - 1.00000
24. Upstream bank caving ' - 0.04167
25. Scour censtant,K - 5.82555
26. Downstroam length protécted/

Projection - 0.92308
27. Upstream bank caving/nrojection - 0.03846
28. Downstreoam len~th protected/

width - 2424200

29. Maximum scour dernth/width g C. 08559
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Table ~ 7
Set up : 4 Initial channel slope: 0.00333
Section: 1-1 Discharge : 0.03222 cfs
Groin projection : 5.07%

Groin Position 10% Upstream from bed centre

Before groin After groin

‘placing placing

1. Slrpe 0, 00201 0.00216
2. Projection, ft. 0.1458% -
3. Channel width,ft. 3.50000 3. 75000
4. Area of cross-section, sft. 0.10764 0.203%13
5. Maximum depth of flow,ft. 0.06562 0.27887
6. Average depth of flow, ft. 0.03075 - 0.05417
7. Average velocity of flow, fps. 0.29933 0,15862
8. Wetted perimeter, ft. 3.60892 4.01903
9. Hydraulic radius,ft. 0.0298% 0.05054
10. Me nder length, ft. 10.03937 10,62992
11. Meander thalweg length,ft. 13.38583 13.81890
12. Channel length,ft. 9.00000 8.00000
15. Channel sinucsity 1.11549 1.32874
14. Thalweg sinuosity 1.48731 1.72736
15. Bhear stress,pound/sft. n.00374 C.00681
16. Stream power,ft-1b/sec.ft. 0.00404 0.00434
7. Maximum depth to width ratio 0.01875 0.07437
18. Proude Number 0.30082 0.12010
19. Relative radius cf curvature *1.57147% 1.46667
20, Mannings roughness

co-efficient 0.058973

0.02116




118
Table - 7 (Contd.)

Set up ¢ 4 Initial channel slope: 2.C0333
Section: 1-1 Discharge : 0.03222 cfs

Groin projection : 5.(07%

Groin Position : 10% Upstream from bed centre
Before groin After groin
placing placing

2% . Maximum scour depth, £t. - 0.23622

22. Tlan area of scour,sft. - 0.25417

23. Downstream length protected,ft.- 0.41667

24. Upstream bank caving - 0.45833

25. Scour constant,X - 4.12570

26. Downstream length

protected/projection : - 2.85723

27. Upstream bank caving/

projection -~ 3.14633
28. Downstream length projected/

width - 0.11111

29. Marzimum scour deoth/width - 0.06299
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Table - 8

Set up : 4 Initial channel slope: 0.00333
Section: 4-4 Discharge C.03222 cfs
Groin projection : 10.42%

Groin position 10% Upstream from bend centre

Before groin After groin

placing placing

1. Slope 0,00201 0.00216
2. Projecticn,ft. -.31250 -
3. Channel width,ft. 3.83%33 3.75000
4, Area of crogs-gection, gft. C.11458 0.21354
5. Maximm depth of flow,f%. 0.10827 0.23950
6. Averace depth of flow, ft, | 0,02989 0.05694
7. Average velocity of flow,fps. 0.28120 C.15089G
8. Wetted perimeter,ft. 3.93701 %.93701
9. Hydraulic radius, ft. ¢.C2810 C.05424
10. Meander length, ft. 8.CT0& ¢ 9.48819
11. Meander thalweg lenath, ft. 11.25984 13.38583
12. Channel length, £t. 7.00000 8.00000
13. Channel sinuoceaity 1.15298 1.1860
14. Thalweg sinuosity 1.60855 1.6732%3
15. Shear giress,pound/sft. C.00365 C. 00731
16. Streanm power,ft-1b/sec.ft. C.00404 0.00434
17. Maximum depth to width ratio 0.02824 0.06387
18. Froude Number 0.2866% 0.11144
19. Relative radiusg of curvature 1.21739 1.24444
20, Mahnings roughness

co-efficient 0.02215 0.C6495
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Table = 8 (antd,)

Set up : 4 Initial channel slcpe: €, 00%%3
section: 4-4 ~ Discharge : 0.03222 cfs

Groin projection : 10.42%
Groin position 10% Upstream from bend centre

Before groin After groin

iﬁ» : placing placing
' ﬁ 21 Maximunm scour depth,ft. . - C.19357
.. 22. Plan area of scour,sft. - 0.32222
253. Downstream length protected,ft. - 0.57500
24. Upstream bank caving - 0.08333
25. Scour consgtant,k - - 4.42259
26. Downstream length protected/
prcjection - 2.40000
27. Upstream bank caving /projection - 0.26666
28. Downstream length rrotected /width- 0.15333

29+ Maximum scour depth/width ' o 0.05162




Table - 9

Set up : § Initial channel'slope: 0.003373
Section: 11 Discharge 0.03222 cf
Groin projection 15.28%

Groin position : 107 Upstream from bend centre

Before groin After groi-

placing placing

1. Slope 0.0C201 0.00216
2. Projection,ft. - 0.45833 -
3. Channel width, ft, 3.25000 3.50000
4. Area of cross-section, aft. G,123%26 0.30382
5. Maximum depth of flow, ft. €.08530 0.26247
6. fiverage depth of flow, ft. 0. 03793 C.C8681
7. Average velocity of flow,fps.  0.26140 C.10605
8. Wetted rerimeter, £t, 3.28084 3.6089étf
9. Hydraulic radius,ft. - 0.03757 0.08419
10, Me ~nder length,ft. . 17 ig gapshi 10.43307
11.. Meander. thalweg.ﬂlength £ aeassos. C isiéarin
12. Channel 1 Tength, £, . 9-00000  9.00000
fﬁ.:Channel slnu051ty .09361 1.15923
14. Thalweg simiosity edamse T 253012
15. Shear stress, pound/sft, F.”F471 | O1;35-
16. Stream.pover;ft-1b/sec.ft. €. 00404 0.00434
17. Maximum depth tc width ratio 0.02625 C.07499
18. Froude Number . 0.23653 0.06343
19. Relative radius of curvature  1.64103 t.52381
20. Mannings roushness o L

- C.c2828 0.12407

co-efficient
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"Table 9 (Contd.)
|

N

Jet up : 5 Initiil channel slor : C.00%%33

Section: 1-1 Discharge

C.03222 cfs

Groin projection - 15%28%

Groin position . 10% Upatream from bend centre

“ Before groin After groi:
ﬁ placing placing
21. Maximum scour deptp,ft. - 2.20669
.1l
22. Plan area of scour,sft. - 0.37417
23. Downstreanm length:%rotecfed,ft. - 0.58357
24. Upstrezam bank cavigg - 0.18750
25. Scour constant, K “ - 4.35071
26.- Downstrean lensth nrotected/
proijection ' ' - 1.27273
27. Upstream bank oaviné/
project L - C.40909
28. Downstream length protected/
width . - 0.19442

29. Ma~imum scour depth/width -

0.05905
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Table - 10
Set up : 5 Initizl channel slop : 0.00333
section: 4-4 Discharge : 0.03%3222 efs

Groin projection 15.87%
Groin pesition : 104 Upstream of benad centre

Before groin After groin
placing placing
1. Slope 0.00201 0,00216
2. Projection,fti 0.64583 -
3.+ Channel width, f4, 3. 75000 3.25000
4. Ares of cross-scction, sft. Ta11632 .22917
5. Maximum depth of flow,ft. G.10171 0.23622
6. Average depth of flow, Y, N.03102 G, 07051
T. Averase velocity of flow, fps. 0.27699 0.14060
8. Wetted perimeter, ft. 3.85499 3.36286
9. Hydraulic radius;ff. R C.03MT 0.06815
10., Meander length,ft. . o T.87402 . 01,4803
'1. Me nder thalweg length,ft.  11,0236" 12.20472
12. Channel length,ft. ) 7;00600 - 6!5000@ o
13. Channei‘sinuoéity' ' | i.12486 o 1.15082
14. Thalweg sinuosity o 1:57480 .-f.87765-'
15. shear gtress,pound/sft. : de0537é | _ ”O:déé{éh-
}6._Stream_power,ft-lb/seo.ft. C. 00404 A 0.00434
17, Maximum‘depth to width ratio C.02712 0.07268
18. Froudce Number S ‘ G.27715 C.093%1
19. Relative radius of curvature 1.42222 ' 1.64102

20. Mamnings roughness 7 o : .
co-efficient 0.02304 C.08122
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Table - 10 {(Contd.)

Set up : § Initial channel sloper ©,003%3
Section: 4-4 Discharge -1 0.03222 cfs

Groin projection - 19.874
Groin position : 10% Upstream of bend centre

Before groin 4fter groin

placing placing
21. Maximum gcour depth, ft, - 0.25622
22. Plan area of scbur,sft.‘ - | CLA34177
23. Downstream length.prét@cted,ft.a 7 C. 66667
24+ Upstream bank caving _ - ,04167
25. Seour constant, R . ~ 4.48096

26. Downstresm lengsth protectea/
projection - 1.03227

27. Upstream bank caving/
projection _ - 0.06452

28. Downstream length protected/
w. .th C- - 0.20513

29. Maximum scour depth/width ~ C.07268
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Table - 11

Set un : 6

-

Section: 1-1

Initizl chammel §lope: 0.00333

Discharge 0.03222 cfg

Groin projection 25
Groin position 10% Upstream from bend centre

Before groin After groin

_ placing placing

1. Slope 0,00232 0.00231
2. Projection, ft. 0.81250 -
3. Channel width, ft. 3.91667 3.25000
4. Area of Cross-section, sft. Q,09722 0. 18750
5. Meximum depth of flow, ft. 0.09514 0.23950
6. Average depth of flow, £, 0, 02482 0. 05769
7. Average velocity of flow,fpé‘ 0.33866 C.17184
8. Wetted perimeter,tt. 3.56982 3.33005
9. Hydraulic radiug,ft, 0.02449 0.05630
10, Meander length, £+, 9.35C39 9.35039
11. Mc -nder thalweg length ft. 12.7952~ 12.89370
12. Channel length, ft. 8.37500 8.50000
13. Channel Sinunsity 1.11646 1.10005
4. Thalweg sinunsity 1.52779 1.51691
15. Shear stress, pound/gft. ., 00355 C.00812
16. Streem power,ft-1b/sec.ft, UL 00466 C.00464
17. Maximum depth to width ratio 0.02429 0.07369
18. Froude Number 0.37882 O.12608
19. Relative radius of Curvatyre 1.34042 1.61538
20. Mannings roughness

co-efficient 0.01760 0.06047
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Table - 11 (Contad.)

Set u. : 6 Initial chammel SLdpG: C.00333
Jectionz {1 ' Discharge : 0.03222 efs

Groin projection 25%
Groin position : 10% Upstream from bend centre

Before groin After groin
biacing Placing
21. Mazimum sonup Gepth, £+. Co—- 0.24606
22. Plan arca of scour, gft. _ - 0.46056
23. Downgtream lepgth protected, £f .- C.81250
24. Upstream bank ecaving - -
25. Scour constant, K - 4.46529
26. Dowmstrean lensth protectad/
projection - 1.00000
27. Downstream lenath protected/
width : - Q.20745%

28. Maximum scour depth/width -~ - . 0.07571
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Table ~ 12

Set up : 6 Initial channel slope: 0.00333
Seetion: 4-4 Pischarge 0.03222 efs
Groin projection . 30,134

Groin positicn 10% Upstream frem bend cenbre

Before groin After groin

rlacing placing

1. Slope C.0C232 C.002%1
2. Projecticn,ft. 0.97917 ~
3. Channel width, £, 3.50000 3 .66667
4. Area of ¢ross—section, sft. 0.09896 0.19097
5. Maximum depth of flow,ft. 0.08530 0.200173
6. Average depth of flow,ft. C.C2827 0.05208
7. Average velocity of flow, fps. C.32559 0.16872
8. Wetteq perimcnter,ft.w_ L 3.60892 3.77297
9. Hydraulic radiug, ft. T 0.00742 0.05062
10. Me 1der length, ft. -8.8582", - 9.84252
11. Meznder ‘thalwes length,ft,  12.00781 13.28740
12._Channel 1ength,ft.' 8.00000 9.50000
13. Chanﬁel sinuosity 1.10728 1.03608
14. Thalweg sinuosity $;5OQ9§‘.h 1 39867.
15. Shear stress,pound/sft. . 00397 0.00730
16. Stream power,ft-1b/gec.ft, 0.00466¢ C. 00464
V7. Maximum depth to width ratio 0.02437 0.05458.
18, Frcude Number o 0.34126 - CL13029
19. Relative radius of curvaturc 1.57143 1.50000
20. Mannings ruughness ‘ oo o

coeff1c1ent ! 5.C1975

0.05735
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Table - 12 (Contd.)

Set up : 6 Initial chennel slope: 0.00333
Section: 44 Discharge 1 0,03222 cofs

Groin projection - 30.137
Groin position : 107 Upstresm from bend centre

Before groin - After eroin
placing placing
21. Maximum secour depth, ft. - Q, 24606
22. Plan area of scour, sft, - C.57528
23. Downstresm length proteeted, ft. o 0.522083
24. Upstream bank caving - -
25. Scour constant, K. - 4.,76717
26. Downstream length protected/
projection - _ 0‘5313t2
27. Upstream bank cav1ng/ '
projection . e o = -
28. Downstreanm length proteeted/
wilth = 0.16026
29r;Maximum-scour depth/width@,.? - - 0.07571.

i\
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