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ABSTRACT ' @

The present study was aimed at estimating the maximum
scour depth at the toe of the both single =nd double groins,
scour size formed at their toes and the downstream length pro-
tected by them. The research facilities of Hydraulics and River
Engineering Laboratory of Water Resources Engineering Depart-
ment of Bangladesh Universgity of Engineering end Technology,
Dacca was used, Eight test funs were made, five with single
:gfoin‘énd rest three with double groins. The‘projeétion of
the groins wefe varied from 5 perceﬁt to 25 percent of the
channel width,., These groins were placed at the concave bank
of the laboratory channel when it achieved a quasi-stable

nature.

It was observed that scour depth formed at the toe of
‘the groins increased with the increase of grain projectibn..
The scour depth at a given groin projection was found to be
higher for the case of single. groin than that. of double groins.
Strong statistical correlations were obtained for the case of
double groins. For single groin, the data was scattered and

correlation was very poor.

The scour area was also found to increase with the
increase of groin projection and it was larger in case of doub-

le groins than single groin. The downstrean length protected



iv

by both thersingle and double groins were found to increaser
with the increase of groin ?rojection. In case of singie groin,
inadequacy of data caused poor correlations. The trend obtai-
nedlfof variation of scodr depth conforms with the equations

of Inglis (1949) and Mushtag (1953).
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CHAPTER - I

INTRODUCTTON

1.1 General
Bangladesh is a part of the delta formed by the three
mighty rivers of the world viz the Ganges, the .Brahméputra,
and the Meghna, These rivers along with their numerous tri-
buteries and distributeries form ﬁer network of waterways.
They also carry huge discharges and sediment loads during fhe
flood period, inundating areas on their banks. These fivers
are constantly changing the physwographlc and hydrographic
nature of the 1ands by scouring bed end eroding banks during

hlgh dlschdrge and flood.

The baﬁks and beds of the rivers of Bangladesh.are Com=
posed of mainly alluvial materials carried and depgsited by
itself. Bank caving in this‘type of river, specially at the
bends is a continuous process. Thislcén be visualised by the
recent studies on the erosion of river Padma by Rzhman (1978).
He concluded that the Ganges~Brahmaputra éonfluence at Goalundo
is migrating at the rate of 6880 fect pér year, He stated that
‘the bank line was shifting in.an erratic ménner and the maximum

rate of erosion was approximately 1100 feet per year. Similar

characteristics may be found in other rivers if studied in de$ail.

Land erosion by benk caving througb the action of the

moving water at the bends of the alluvial channels in Bangladesh

A

is a great concern for two reasons., First, the unchecked erosion .

\,,- .

!

“‘Ev'-




 represent a2 loss of natural resources upcn which we depend for
our food and fibre; and second, its end product<sediment can
! f
represent- a damage to flood plains, urban areas, navigation

facilities, downstream reservoirs and other improvements,

To save lands, cifies and boétly engineering structures
from river erosion, crores of takas afe being expended each
year, Various methodsrar; in use to stebilise the river bends
of which groin is very common in Bangladesh. Its rovularity for
protecting the bank erosion can be visualised by its frequent
use at different places cf the country like protection of Kuri-
gram town against erosion of Dharla river, protection of Kush-
tia town from erosion of Gorai river,protection of Chandpur
town from erosion of Meghna rivér, protection of Sirajgonj
town from Jamuna rivef,_ protéction of Sowapur bridge on Feni
river, protection of erosion at Balla in Sylhet district by

the Khowal river and protection of right bank embankment at.

downstream of Kazirhat regulator on the little Feni river.

The étudy of erosion problem is very complex and are goi-
ded by & number of factors and variables that influence river -
characteristics., It is difficult to isnlate the variable and
study them separateiy. The physical characteristics of the
channel includes the shape of the channel cross-section , the
configurationqu the bed including the form of bed roughness,
riffles and bars, longitudinal bed profiles and channel pattern
In such a situation, small scales lzboratory study may leéd

to prediction of the prototype behaviour of the alluvial riveréﬁ-




142 Importance of laboratory study

Owing to a rumber of complex factors in the design of
hydraulic structure, adequate enswers to various probiems can=-
not yet be obtained by analytical methocds. Sméll scale iaboran
fbry study have, therefere beéome Vary effecfive and handy
tool forlthe\epgineer.in the solution of his problem, specially
where extreme coﬁplex variables afe involved, for example, the
behaviﬁur of three dimensional vortices in the vicinity of a

lecal scour,

Construction of any structure on a channel, specially
rivers in alluvium ié very expensiva-in'méhy cases for its size
and In most cases for the great difficuléies involved during
construction, It is this very high cost of the étructure'within
the domain of a river that doés'not permit an error in the design.
Laboratory study helps in visualizing the protetype BehaViour-in
most cases af a fraction of thz actual project cost and thus the

possibility of error in design can be greatly reduced or evehn

eliminated,

Small scale study in the laboratory is thus, always help-

ful for the following reasons:

i. They make it easier to visualize the whole problem

ii. They help in guessing the qualitative nature of the .
important detazils exposed in the bed.

iii, Various alternatives can be tested tb achieve the best

solution.
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Results from small scale study in the laboratory do not
always provide informations prevailing in the actual situation,
Ag for example, the movement of sédiment in a natural river is
a comhination of suspension, rolling and saltation, and most
of its load is usually carried in suspension. In the laboratery
channel bed load movement is due tc particle which mové on or
near the bhed and very little material gees into suspension.
Silting; as a result of movemént of bed load can bée reproduced
fairly accurately in the laboratory channel, but siltation re-
sulting from deposition of materinls in suspension does not

occur haturally in laboratory channel (Gole 1971).

It‘has‘also been observed that in*the laboratory channels
two-third of the scour takes place during 5 percént‘of.the ope-
‘ration time, whereasrsilting-is slower than in natural river,
If the time during which laboratory-channel is run is increased
to permit more silt deposition, scour which occurs more quickiy
would be exceéssive, As the angle of repose of bed material
‘remain the same both in neotural river and laboratory channel,
the later gives. too large an extent of the scour hole. This
exaggerated hole vitiate the flow pattern in the laboratory

channs1,

1.3 Objective of the Study

The study of bank stabilisation by groin in the bends of
aliuvial river is often necessary, But the présent da¥khbwledge
regarding *the béHaviour*éf;gréinslis far from being adequate, As

such a study have been taken up with the following objectives:



ii,

iii.

iv.

to investigate the ares and depth of scour at the
th of the groin for different projections for both
single and double groins,

to investigate the ares protected in the bend both
upstream and downstream pf the single =nd double
groins, |

to oﬁserve the effect on scour and areaz protected

by the groins depending on its positioh of placement.
to investigate the morphological changes at upstream

and downstream of a bend due to placement of single

and double groins,

‘.
¥

s



CHAPTER - TII

REVIEW OF LITERATURE

2471 Intrecduction

The gebmetry and shape of an alluvial channel is the
result of the interaction between water discharge, the quan-
tity énd characteristics of sediﬁent discharge, and the com-
_position cf bed and bank materials., Frolenged interactions
tend to achieve an equilibrium or " in regimeh" status, A
channel in regime exists in a state of dynamic equilibrium,
self adjusting its channel pattern, cross-sectional geometry,
slope and bedform., These adjustments occur as the channels
ability to transport sediment, balsnces the available sediment

load.

Channel patterns probably rerresent an additional mecha-
nism of channel adjustment which is tied fo the channel gra-
dient and cross-seotion. The pattern itself affect tﬁe resig-
tance to flow., The existence of one or another pattern is
closely related to the amount and character of the available
sediment, the valley slope énd the quantity and variability
of discﬁargel An understending of the noture of these channel
patterns and the factors that are related to their occurence
is important for both river reguiation and channel stabiliza-
- tion works. In the following, a bp;ef review is made on stable
alluvial channel, bank stabilization works with special empha-

sis on groin and scour;



2.2 Stable Alluvial Channel
2,2,1 Definition

Lane(1955) presented an excellent definition of stable
or regime—chanﬁel as follows: A stable channel is an unlined
c¢arth channel for carrying water, the banks and bed of - whdch
are not scoured objectionably by'moving water and in which ob-
Jectionable deposits of sediment do not occur. Kennedy (1895
after Nishat 1981)-suggested that o steble channel is non-sco-
uring and non—éilting type . Blench (1957) considered a channel
"in equilibrium® to be one in which average value of various
channel parameters do not show any definite trend of variation

over a pericd of time,

Thus , in a stable channel, minor deposition or scour
can take place but over =z period of time the bank and bed must

be stéble.

2.242 Characteristics of stable alluvial channel

This type of riVef is characterised by the stability of
the alignment of channel and slcpes, as well as of its régiﬁe;
which may change within a year, but shows little variations
from year to year except, perhaps the river may migrate within
Its permanent bankline, Changes such as scouring and silting
of bed, advancement of the deltas inte the sea and changes in
bed and water slopes over a long period of time do: take place,
but these are insignificantly small, Such rivers mould their

Characteristics in such a manner that most of . the sediment




load brought down by them is carried to the sea, The same
rivef may have either aggrading, degrading, stable and other
Characteristics from its down to mouth. Its nature depend
upon the amount and size of sediment entering the rlver its
load carrying Capacity and other factors. Even the same reach
in a river may pass through various types, depending an the
variation of sediment load and discharge with time. But when
this equalizes over a period of time, so that on the average,
the energy of the stream is just sufficient to transport the

material supplied to it, the strcam is stable (Shen 1971).

2.2,3 Factors influencing channeil stability

The factors that govern the stability of alluvial
Channels are many and varied and has been extensively studied
by many scientist at varicus time. The dlstrlbutlon of shear
stress at the beds and banks of the alluvial river influences
1ts stability, Bankful discharge is an important factor in the
determination of stable channel geometry(Lacey 1958), Leopold
and Maddock(1953) found that the width, depth and veiocity in
rivers varied with the mean annual discharge. Lane (1957)
found that the longitudinal slopé of a stream hés major effect
on stream charnnel form, Leopold and Wolman (1957) obtainead that
meandering occurs more a2t a lower channel slope than at braided
or straight channels for the samc bﬂnkful discharge. I+ is
known that sedlment propertles and its gradation materially
affects the hydraullc behaviour of the alluvial channels

(Shen_1971). Seepage from the ground water to the channel or
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from the channel to the groundiaffeéts its stability, Another
imbdrfant,factor in channel stability is the Comﬁosition of bed
material which influenées the critical tractive force. Vegeta-
tion along channel banks al;d is foﬁnd to be helpful in bank
stability; |
secondary currents or transverse flow is one of the
major factors thét control thé gecitgtry of the alluvial channels,
Sheﬁ {(1971) reports that the phencmenon of secondary currents
has been extensively studied by various researchers e.g.Einstein
and Li (1958), Einstein and Shen (196L), Shén and Komura{1968)
and Goldstein (1965). - |

2.2, |Secondary current or Transverse flow

Most channels pro&ide flow in a main flow direction at
each point along thé channels. Tt is also observed, even in
-2 straight channel that bed sediment is not evenly distributed
over the width; it forﬁs asymmétric-patterns of bars and moves
in paths that contain significant cross-components, Flow com- '
ponents in the direction of the cross-section is known as secon-
dary currents, In a steady flow.these seccndary currents must
be circulations for reasons of contimuity and are possible only
if the vorticity of the flow has component in the direction of
main flow. The secondary current is intimately connected with

that of vorticity.

In laboratory flumes, the' secondary velocities in the
transverse direction has been found *to vary from 0.6% to 2.5%

of the main mean flow velocity. secondary circulation concen-
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trated near the outer corner of the boundary has significant
effect on the stability-oi the channel, Shen and Kamura{1968)
% nd in a laboratory flume that a. strong circulation developed
at the Junction between smooth bed and rough wall can actually

erhance meandering tendencies in straight alluvial chennels,

Figure 2.7 shows the Croés—section in a bend of open
channel flow, Let us separate a fluid element with 1ength dx
and depth h and let us considerthe forces acting on if in the
radial direction. Two forces will act on the element under con-
éideration ; the centrifugal force, whose variation over - the
vertical will'correqund to the variation of the square of
fangential veiocities; and an opposing force, due to the exis-
tence of a transverse élope9 this force is obviously constant
throughout the depth. and can be expressed byr‘adz. A graphical
sﬁmmation of these twe curves Figure 2.1(b)‘ iﬁdicate the
absence of equilibrium in the fluid in the plare of the stream
cross-section. The curve obtained from the summation of the
fransverse velocity components indicates the presence of a flow
directed toward the concave bank in the upper-part of tﬂe Vers
tical, and of a reverse flow in its lower part.ASince‘there
should be no residual fldw discharge in the transverse direc-
tion, the.areas of these curves ¢f opposite direction must be
equal. Transverse currenfs superimposed'on the longitudinal
flbw , form a screw like type of circulation which can be ob-
served in river bends. This éxpiain the e;iqtence of the

transverse currents.
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2e3 Bank Stab%lisation Methods
2.3.,17 Intrcduction

The stabilisation of 2 river in its broad aspects,cover
all engineering wbrks constructed. on a river to guide and con=-
fine the flow of river channel and to control ahd reguiate the
river fed configuration for effective and safe movement of
floods and river sedimenfs. River stabilisation may be. done by
different -types of protective devices which may be classified
as to the materials of which they are constructed, the general
shape - of the devicés; or as in the fcollowing according to their

function or. application.

i. Armcr iv, Groin

ii. Ratard v, Bulkhead
iii.Jetty - vi. Baffle

The rivér stabilisation devices have loﬁg histroy world
over and is one of the earliest engineering achievement - of
controlling the river flow by man. However, the suitability
of the method used . for stabilisaticn is dependent not only
on the purpose but also on the fund "available, convéniencé in

use for short-run effecqt and wase of maintenance,

The use of groin as a popular means in the stabilization

of river banks is due to one or more of the following réasons:

i, Stabilises the river along a desired course by
attracting, deflecting cor repelling the flow in channel,
. : ' A;

y

s
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ii. Pfotects the river bénk line from eroding and

caving by keeping the flow away from it.

iii. Creates a slack of flow with the result of silting
up of the area in its vicinity ;.

iv. Contracts a.wide river channel usually for improve-
ments of depth for creating faciliff of goods -and

A\

smooth navigation,

2.3.2 Groin - | | ’ .
A groin is é bank or shore protection sfructﬂre construc-

‘ted in the form of a barrier placed transverse to the primary .

motion of water and extends from bank into the river, designed

to control the movement of bed lo'ad(° This 'structure is kncwn

by several names, the most familiar being spurs, spurdikes,

~and transverse dike and- constitute prcbably the most widely

used stabilization works.

These devices are usually sclid; however, upon occassions

to control the elevation of sediments they may be constructed
with openings. They may be classified according to the method

and materials of construction, functions served and height,

2.3.2,1 Classification according to method and nmaterials of
Construction
i. Impermeable groins _ 4
a) Single line of steel or concrete éheet-piling
b) Double line of steel or concrete sheet piling,

filled

o

1

A
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b) Rock dike-plain cement-concrete; grouted or 5

asphalt surfaced,. : ﬂb

ii, Permeable groin ' : : N

~a) Precast plain cement concrete blocks

L T

b) Precast plain cement concrete cells ﬁ‘
' '
¢) Metal rectangular cell
~d) Pile groin

e) Tree groin

(i) - Impermesble Groin

.Imperﬁeable or s0lid groins consist of rock fill or earth
core armoured with resistant materials like stone grouted, pre-
cast plain cement concrete blocks, fascine mattress, They do
not allow appreciable flow through them. They are designed to
attract, repel or deflect the flow away from the bank along a

desired course. t

An apfon is usually provided to prevent slipping of
stone of the groin nose and shank into the scour hole inlthe
vicinity. For this reaséﬁ the apfon stone should be sufficient
after lanching to shield the sloping facies.of the land bank
from below the bottom of the slope faces down to the deepest
bed level. The stone weight should not be less than 100-120

pounds each,

Generally, it is expensive to make a very flat slope for

the nose of the groin. Groinsare therefore given normally a




slope 1:2 to 1:3 , Scour gradually diminishes from head to

the bank and apron protection can be reduced accordingly,

(ii)  Permeable groin:

Permeability of a structure indicates a damping action on
the velocity of flow as distinguished from the deflecting or-
repelling action of impermeable structure. Permeable groin
therefore, fall into the class of sedimenting groin. They
obstruct the flow and slacken it to cause“depOSitionugf}ﬁedi-
ment carried by'the river, They are, therefore, best.suifed
for éediment carrying streams. Ih comparatively c¢lear rivers,
fheir action results in damping the ercsive strength of the
current and thus prevent local bank erosicn. As sediment
écoumulates between the groin, the foreshofg becomes more or
less permanent, S0 that, need to use durable materizl does

not arise. Permeable groin require-only temporary or a semi-

permanent construction, -

. Pérmeable groin have the important advantage of being'
comparatively cheap. They are therefof, specially adaptable for
river works where stone is difficult to obtaiﬁ. Experience have
shown, that permeable groins are more effective than solid
tnes in the control of river course or in the protection of
banks erosian, specially in a silt-laden river. Flow through
the groin does not change abruptly like that passing in imper-
meable groin, thus resulting in no serious addies and scour
holes., This is perhaps the reason why silt deposit is evenly

and quickly affected,




15

Permeable greins are not however strong enough to

resist-shocks and pressure from debris, floating ice and logs.
They are therefore, unsuitable for upper reaches of rivers,
During flocds submerged type of groins are danger to naviga-
tion..
The most common type of permcable groins used in our

country are tree groin and pile groin because of their availa-

bility, ease of construction and cconomy and functions served.

2.3.2.2 Classification according to functions served
Thesa are of the following types 3

i. Attracting type
ii. Repelling type
iiis Deflecting type

(i) Attracting type of groin

Groins pointing dewnstream in the direcfion cf flow
attracts the river at its nose. Such a groin causes scour hdles
to form closer-to the bank than' the groin inclined at right
. éngles. In otherwords, they tend to maintain the deep currents
close to the bank. Thelmain attack of the river is on the up-
stream face cf the spur and therefore needs better.protection

compared to that on the downstream ( Fig. 2.2)

Its use has been limited by the experience of rivers in
many countries. These groins endanger the adjacent banks and
are not usually recommended in the Indian sub~continent dﬁe_to

v
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fallure ot protoctlng certain otructures from bﬁnk er051on.
However, some englneers suggest that they may be constructed ﬂ
at O.u of the mender length upstream of the obJect to be

served,

(ii) Repelling type of groin . Qﬁx
Groins pointing upstream against the flow deflect the
river away to the cther bank. ﬁepellimg groins afe usually
éuccessful in achieving the'désired fesult if they are properlyl
located with due regard to their position in relation to the
"meander length. The angie cf deflecticn upstream varies 60°
to 80° with the banks or in other words, the goin facing up-
stream make aﬁ_angle‘bf 1OO.to 30° with a line perﬁendiculgf
to the bank or thalweg (Fig. 2.2 ). Generally the head of the
repelling groin causes disturbance in the flow at\its noese
and.heavy scour occurs downstream due to eddy formatiocn. These
groins therefore should have a strong head to resist the direct
attack of swirling current. The scour diminishes from thé head
towards the bank énd protecticn of the slope:and apron can be
reduced according1y. A still water-pocket is formed upstream
of this type c¢f groin and suspended load Brought dewn by the -

rivers get deposited in this pocket,

(iii) Deflecting. type of groin

A deflecting groin is much sherter in length than a
rebelling groin and is gererally constructed in river per=

pendicular to the bank and it only deflects the flow(Fig.2.2)
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2.3.2.3 €lassification according to the hegith of groin below
high water

These are mainly submerged and non-submerged type.

Generally nén-submerged type of groins are prefered.
2.3.2,14 Special types of grein

Spécial‘types of groins include Denehy's T-headed groin,
hockey groin and so many others nomed after local use or of

persons contributed for it ( Fig. 2.2).

Denehy's groin was first used for bank protecticn in

- 1880 by Denehy at the Okhla barrage, Delhi on the Yamuna river.

Later, this type of gfoins were used at Nérora(Uttar Prodesh)

on the Ganges and also for the protéction of Kushtia town from
the ercsiocn cf Gorai rivers The head of the'groiﬂ-has T=-shape
of which the front perpendicular arm is parallel to the current,
A longer portion of the head is ususlly on the downstream side,
These groins are usually economical since a shorter length can

protect mere areas from erosiorn compared to the other types.

Amongst the various design for grein heads, a groin
with a curved head is termed as a heckey groin. It increases
the attracting tendeﬁcies of the groin and is not likely to

be helpful: for bank protection.

2.3.3 Design criteria of groin

Factors pertinent to design are : materials, alignment

. grade, permeability, length and spacing.

v -

.
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Common materials inorder of permanance are stone, con-
crete , steel and tiﬁber.'stone groiné are built in a massive
trapezcidal section that.depend on weight for stability.'Coni
crete is precast either in heavy solid blocks, fillable cells,
or skelztal interlocking forms like tetrapéds. Steel may be as
simple as a line of sheet piling, or .compounded Qf H-piling,
walling and'sheathing. Timber is adaptable to a multitude of
forme s sheet piling;.ﬁile fence, pile bent, ballasted crib or

boom,.

Alignment of groin has been the subjecf of comprehen-
sive study by many engineers, both in theory and in cbserva-
tion ¢f performance, but without deriving a conclusive or
compelling reason for departing f?om the conventionél alignment

normal to the bank line.

Grade of groin should conform to the ultimate profile
of the land protected by groin for overall security. Since,
sand may be entrained cver a low barrier, the grade may be

established higher than the land but this is very rare,

Permeability is permitted as a desirable characterie : -
stics instead of being designed as o necessary element, Ordi-
nary placement of stone will leave 30 percent voids, which is
usually advantageous. Grouting scale most of the passage,

but may be necessary to adapt small stone to serve exposure.

Regarding the spacing between adjacent groins, the

general practice has been to adopt a .certain proportion of

T
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their length, varying with the width of the river. Groins are
usually spaced fUPtherrapart with respcct to their length in

a Qide river than in a ndtrow one, if their discharggs are
nearly equal. The leccaticn of the'groins i.e. whether at a
concavenor a'coﬁvex bank, or at a crossing, affects their

" spacing. A larger sﬁécing is usually adcopted for cénvex banks
and & smallér one for concave banks with intermediate spacings
at the crossings. A spacing of 2.0 to 2.5 times the length of

groins 1s a general practice,

No general rules has yet been formulated for fixing
the length of groins. It depends entifely cn the exigencies
arising in a specific case, However, é relationship between’
length and spacing of groin may be.established as suggeéted

by California Highway Practice (Fig., 2.3)

®» = o B+ rh - e (2.1)
where, . A

P = '1enéth of groin in ft,

& = obliquity of entrapped bar in radian

B = bar width betweén groin

'-S
N

reciprocal of bar slope

=
#l

range in stage,
A typical section of a trapezoidal groin defined by =

top width and side slope is shown in the Fig., 2.l4.

Varshney and Mathur (1977) analysed a large number of

river training measures incorporating repelling groins cons-
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tructed in India and suggeéted thé'following relaticnship for

evaluating the length éf gfoin, if arch chord ratio of the

acute loop is availsble.

2.l
2.1

One groin ( Q¢ 28000 cumécs)
%gg') =:0.65 - (2.2)

b = 0,755 (
ing E

W

One groin {Q > 2800 cumecs )

w::

N S )

Two or more than two groin ( @ ». 2800 cumecs)

= 0.369 033 --— (2.4)
Fr '

=jo

and a general equation for the relations as follows:

-0.2 -0,1
boos om0 yme 0TSy ——- (2.5)
where,
» = length of greoin
W ' = width of active river
Fr = flow froude number
A = aquCherd ratio of worst loop
_scour
Introduction

Scour holes are created by.the flowing water around the
) :

toe of the grein, bridge piers, zbutments and other hydraulic

structures. These hcles may cause for its failure. . If the scour
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depth is great -enough to uncover the supporting soil of these

structures, it may subside there and u¢t1mate1y washed out by -

the current.

The following interrelated factors may cause change in
elevation of bed &t the tce of the groin or around piers or

abutments.

(i) Local scour : Scour caused directly by the flow
" disturbance of the atructure. It occurs adjacent to the
atructure, and its maénitude‘vapies according to the

flow, sediment and shape of the structure,

(ii) Scour due to contractions : The reduction of flow
areas by the presence of stfucture will increase the
flow velocity there, augment the capability of flow to

carry more sediment then the upstream reach and thus

decrease the river bed at the contracting section.

2.&:2 Local Scour

Local scour is defined as the abruptdecrease in bed
elevation near a hydraulic structure due to erosion of bed
material by the local flow induced by-thé structure, The type'
of the local séour may be classified by the amount of sediment

transport into and out of the scour hole,

i

Let q'y be the capacity of the flow to transport
sedlm@nt out of the scour hole and let q"s be the rate at
which sediment is supplied to the scour’ hole by the undist="

urbed flow.
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The following cases arise:

{i) No scour, i.e., qs' = gs" = 03 (2)'Clear water

scour i.e., gs'¥% 0 and qgs"~ 0 and (3) scour with continuous

" sediment motion is., qs";I gs'y O. tmly case 2 and 3 cause

abrupt changes in bed elevation. Since sediment movement on the
bed begins and increases gradﬁally,the distinction hetween case
2 and case 3 is not a sharp one. It has been found that the
depth of scour varies'almost linearly'with tractive force for

clear water until an equilibrium depfh is reached(Shen 1971).

_The'distinction-bétween case 2 and case 3 and definition of

equilibrium'Scour depth, dse , are shown in Fig. 2.5.

2.1.3 Origin of local scour

The growth of scour hole is preceeded by the'apperance
of large-scale vortex structure ih the flow. The sudden appe-
rance of the vortex structure are the basic mechaniém of local
scour -and this fact hés been recognised by many investigators
e.g. Tison (1940), Posey (1949), Laursen and Toch (1956), Shen,

Schnieder and Karaki (1969), Roper and others ( 1967).

Laursen (1960) found experimentally that with continuousg
se@iment motion, the depth of scour is a function of the depth
of flow and geqmetry'of the structure., Carstens(1966) related

the scour with the general sediment motion.

2.4  Scour due to contraction
The increased velocity due to contraction of the flow -

area is probably the major cause ¢f failure of hydraulic struc-
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tqre.Laursen(196o; 1963), and Komura (1966) are major contri- -
butors in this area of research. Contrary to lecal scbur, where
all analyses are based on experimental results, the investigé"
tions on secur due to reduction of flow area are more analytical

in nature.
2.1.5 Scour at the toe of groin

Scour depth at the toe of groin has been studied in’
small scale laboratory channels and in a model studies oy
different researchers. Inglis (1949) concluded from the modél
"test of groins at the Ganges near Hardings Bridge that groin
" projecting from the bank into the channel give widely varying

values of maximum scour depth, ranging from 1.7‘to 3.8 D, ,

where ' - . O. 3 ‘ .
’ D, = OJ¥Z3£_Q/1;76 &y, BJ --= (2.6}
depending upcon the severity of the river curvature which inturn
depend on the length, angle of projecticn and position of the

grein in relation to the attack,

Mushtaq (1953) suggested an equation after studies in
.a laboratery channel to calculate the probable scour depth for
varicus discharge intensities at the toe of the groin in the

following form

cafs

ds = kq en(2,7)

where,k is a factor whose value is dependent on the pesition
of groin and q ~is the discharge per unit width at the groin

constriztion. He analysed the problem cof scour by plotting
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different non-dimensional terms that affect it. He defined a

|
-

2 \
term , d/ g ® as scour constant which is widely accepted in

ot

the stﬁdy of scour at grein tee, : RS

Khosla by using Kennedy's (Mushtaq 1953) regime flow
formula and after applying correction for velocity, connected

the depth of scour with discharge intensity by the relation,
2 /0% '
dg = 0,90 ( q</f% ) , ——— (2.8)

where, f is a Lacey's silt factor, which is a function of silt
size, This formula holds for regime channels, He also recommen-
ded multiplications factor in calculation of dg for different

types of bends.

Laboratory-studies at Irrigation-Research Institute ,
Lahore(1969) haﬁe found that greoin projection have a definite
influence on the downstream length protected. This council
suggested an.optimuﬁ projection beyond which groin projection

have an adverse effect in its performance.



CHAPTER - IIX ‘ ' R,

LABORATOR% SET UF AND MEASUREMENTS

3.1 Introduction

~ The study was carried out in the Hydraulics and River
Engineering. Laboratory of the Department of Water Resources
. Engineering of Bangladesh University of Engineering and Tech-
nology, Dacca. The existing facilitieé of -the alluvial sand
bed flume with all other necessary arrangeﬁents were used in
this respect. A brief description of the fééilitieé_and the

experimental procedure is given below:

3.17.717 The Flume

The flume was 50 feet long, 15 feet wide and about 3 feet
6 inches deep having double walls along its 1éngth'( Fig. 3,1)°
The inner wall was provided with % inch diameter hcle with a
spacing. of cne foot both in hérizqntal.and vertical direction
to facilitate movemént of water from the sahd bed to the
annular space between the two adjacent walls and vice versa,
The water table-was contrcolled and maintained te the desirable
level in the sand bed by regulating the water level in the
annular space.'The outer wall and béd éf the fluﬁe was water

tight to avoid losses due to seepage.

3.1.2 Water ‘supply system and measuring device
Water was supplied to the test channel by two centri-
fugal pumps. These pumps were installed near the tail water

" tank, Water was introduced at the inlet of the channel.
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with the help of two delivery pipe lines, which after flowing
' throuvh the channel entered into the tailwater box. 1t ﬁés re-

‘circulated by means of the pumps, 1his process was followcd

to have =a contlnuous supply through the test channel,

Two-one inch dutomatlc flow mcters were Cﬁnnbctcd {one
in eséh pipe line) to the pipe iines 10 measure the volume of
water ;1ow1ng through each 1line with an accuracy of one-hundre—

th of a gallon, The time for 10 ballons flow was recorded by

a stop watch and the discharge rate was calibrated.

The desired discharge was achieved with the help of the
‘1oss line attached to each delivery pipe line. Required amount
.of flow was allowed into the test channel and excess was diver=-

ted into the tailwater box through the loss line.
3.7.3-Tailwater box :

' The tailwater 1gvel,was maintained constant by supplying
water from the main supply line of the laboratoty. Approximatély
one fcot length of the test channel at the downétream‘end,

“measured from tailwater-box, was kept submerged throughout the

“tests to permit the stream to change its longitudinal water
surface slope naturally. This also eliminated backwater effectis
in thc lower part of the test channed and also helped the pumpo
to ooerate under a constant head, Lhereby maintaining a more

or less constant discharge.

3.1.4 The sand bed
The bed and bank material consisted of a mixture of fine
./

e
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‘and course sand for which the gradation curve is shown in
Fig. 3. 2 The median size, which 1is deflned as dSO i.e. 5C
percent of the materlal 1s finer than the given size was found
to be about O, 1&73 i » Size dlstrlhutlon of the bank and bed
materials is also expressed by the gradation co- eff1c1ent 6.

This parameter is defined as:

d .
+ SO _._- ( 301)
450, dig )

in which dBu and d16 are the size of the bed or bank material
for which 8L percent and 16 percent materials respectively are
finer., Hence, ¢ is the average slope of the two segments of

the size distribution curve., Its value was found to be 2, 65,

3,1.5 Flow entrance

In all set of tests an initial bend of about 30 with the ::
1ong1tudlnal axis of the initial channel was provided to develop
uniform meander pattern. This entrance sectlon was made of thin
steel plates about four feet long. This allowed a slow transi-

tion in velocity from the entrance to the channel.

3.1.6 Initial channel . : 5

A channel was moulded in the bed by means of trowel and
template, as shown in Fig. 3.7. In all tests, the size of the

initial channel was 9 inch wide and 2 .inch deep.
3.1.7 Sediment feeding

For sediment feeding, same materials composing the bed

7
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ahd bank'wés used!ﬁediment was introdﬁced at the entrance of thé
test channel with the nelp of an automatic dfy sand feeder.The.s
feeder was driven by a motor which was attached to a gear boX,
having control devices to regulate the rate of sedimgnt feed
into the channel, A calibration curve for the sediment feederT
was prepared Fig, 3.3. Thié operation was required to maintain
the desired sedimeht load in the channél, The desired rate of
.sediment feed was thaf one which caused the'change of longi-
_tudinal slope of the channel bed minimum. This rate was deter-
mined by few trial runs before thé cctual test run ang,was

_fouﬁd to be 885 ppm.

3.1.8 Discharge and slope

- Discharge and slope was kept constant througheout the .
study . A constant discharge of 0.0267 cfs and slope of 0.0052
was provided in all tests:
3.7.9 MeaSureméh%s

& moveble bridge was designed én whiqh a poiﬁt gage was

hounted to take readings. The bridge was operated manually
along-the length of the channel,, Its position was read by
noting the marks on the rail cver which the bridge was moving
The "bridge was marked in feet and-inches with zero at the centoy
that coincides with the center line of the initiazl channel. All
_readings were taken with the help of level with a fixed bench
lmérk% to avoid any efror arising due to sag of thé.mo;able

bridge.
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3.2. Experimental Procedure

Before each tests, the sand iﬂ the flume was 1éve11ed
and compacted. A channel was excavated along the center line
cf the flume.lin each test the bed of the channel was given a
slope with the help of a tightly held string along the center

line of the channel and measuring the elevation at an interval

of five feet. Before water was introduced into the test channel,

the grqﬁnd water table was raised by pumping water into the

annular channels and filling the tailwater tank.

The rec1rculat1ng pump was set to maintain the desired -
dlscharge with the help of the loss llne. The dry sediment was
fed at the entrance cf the channel with the previously cali-
brated sahd feeder at the predetermined rate to maintain the

slope change within allowable limits.

A tofal ot eight test run were made in the laboratory.
In five of them effect of single groin were studied and in the
other three doublg groins, a spacing'of two times the projec-
tion lenétﬁs were used. In all the runé groins were placed 1in
two different locations, spacing between them were such that
the flow characteristics at the dowﬁstream grcin were not
affected by the upstream groin., Thus ten sets of results were
obtained in the study of single groin wﬁile six sets were ob-

tained under double groin condition..

In the study of both single and double groins pTOJECthﬂ

lengths were varied from 5 percent to 25 percent. In the study

+




30

cf. 51ng1e groin location of the groins were also varied. The
gr01nq were placed at a channel bend after the test run achieved

a quasi—equlibrium status.

At the beginning of the test run, the rate of chan*e'in
bank formation was very high. After several hours of runnlng the
channel appeared'tolhawe obtained o stable shape which was
evident from more or less stable shape of the meander, Greins
. yere-piaced at that stage. The time required to achieve the
quasi - stable form varied from 1,0 hours to 72 hours depending on
the method of run i.e. continuous or intermittent. At the end of

- thigs stage the following data were ccllected:

i. Location of the left and right banks along its
profile, |
ii. Location and slope alcng the thalweg
iii. Location of pools and crossings
iv. Cross~-section of thé.éhannel at bends where the
groins were placed and at crossing downstream of

the 5aid bends.

After the compl;tlon of the COllPCthﬂ of the above data,
gr01ns, 1mperneable, made of solid metal pietes, were placbd at
the desired locations. The channel was then run. The effect of
groin placement was ocbgerved, Test run continued unt11 SthllltY
was restored. The following measurements were made at the end

of this Stageé

i. Location of left and right bank along its profile




ii.

iii.

iv.

Location and slope of ‘the thalweg

Cross-section of the charnel at bends where groins
were placed and at crossing where earlier measu-

rements were taken.

measurements of the area and depth of scour hole

formed at the toe of the groin.

Length of the arez nrotected along the bankline
of the chennel, both at upstream and dowvmstrean

from the groins for the said bend.
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CHAPTER IV

RESULTS AND DISCUSSION

L. Introduction . ]

The scour depth and scour area formed at the toe of the -
groin and downstream length protected due to placement of groin,
the parameters that form a relationship amongst them have been
considered for analysis. These parameters are length of groin
projection b, average width of the chanﬁel W, scour depth ds,
scour area Ag and downstream length protected g - Mushtaq(1953),
suggested that b/W is a more useful independent variable than b
for the analysis_of scour at a groin toe. He also considered g,
the~discharge per unit width of the channel at groin constric-~
tion as an important variable. Considering/% and fj as relevant
fluid properties and g, the acceleration due to gravity, he
obtained an eduation'( equation 2.7) from a parameter dé_/q3
was established, He termed it as scour constant K, which is
widely used for the anaiysis of scour at a groin toe. The scour
depth. calculated by using Mushtag's equation, . Inglis's equa-
tion and Kho.sla's equation were compared to the scour depth

obtained in the present atudy.

The relationship presented in this study were establis-

.~ hed by statlstlcal analysis using IBM 370/115, located at the

BUET Computer Centre. The form of the correlation which produ-
ced the best value of coefficient of correlation (r) was- taken

as the final correlation. |

'
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L.2 Effect of groin on bank erosion and deposition

ié“ It has been mentloned in artlcle 3,2 that groins weTe
] .placed at two different bends for each. set of test such that *
| ' the(downstream groins were not affected by the presence of
upstream one, Figures lt,1 to L.10 show the position of 51ngle
groin and figures L.17 to }.16 show the'positions of double
groins. These flgures "indicate the projection of_groins and
identify the position of placement with reppect to average
width of the channel bend for the case of single gr01n. Bank-

line and thalweg has been shown before and after placing of

groins by firm and broken lines respectxvely. Locations - of

sediment deposited areaand erosion have also been shown 1in . -
; these figures. Depositions ﬁere found to be formed at the

}' ' downstream side of the groin whereas erosion at the upstreamn.
Areas protected from further erosion by silt deposxtlon were

3 " measured as the length at downstream of the groxﬁ}gig‘bank and

erosion was meesured by the length eroded by bank-caving at the

upstream face of gr01n.

} Study of the figures from u 1 to L.16 show that when
groins were placed with any projection at a bend of the concave
bank, there Qere some siltation downstream of it. It'was'also
observed that as fhe projection ‘of the groins were increased,
; the 1ength of the silted up area also increased, Figure h.1 to
A 1,10 show the-zones of silt depesition and erosion for the case
of single groin and figures u,11 to L.16 show the same for the

case of double groins. The major cause for siltation at the

<
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dowﬂstream of the groins was the obstruction created by the
groin projection to the main'flow with a change of veloclity
and direction, As the projections were lncreased the deep

water channel may have shifted away from thL bank towards

‘middle of the channel and creating a slack of flow near the

downstream bank of the channel resulting in siltation there. b

To determine the effect of groln‘progection in the
- downstream length protected, two. parameters b/W and Lg/W were

used.Bést fit correlation were determined for linear, seml—

logerithmic and logerithmic forms of equation, Fig. u.{T

chows the-best fit conditiun obtained in logerithmic plotting.
The equations for single groin and double groins condi-

tions are: ”
Single groin, Lga/VW = 2.84(b/w) 0.7h , ;-— (L.1)
Double groin, La/W ='1.h9(b/w) 0.L7 - (4.2)

Figure .77 indicate that with the increase of groin
projection rafio, single groin may have better performance OVeD
double.greins, This 1is contréry to the established concepts
in bank protection techniques. At this stage of study,no defi-
nlte conclusion may be derived in this respect, mainly due to
insufficiency of the data volume. Tn the study of double gr01n

condition, all groins were placed at the same location, the

'variable being the groin projection. In case of single groin,

while Chaﬂglné the gr01n projection,'inadvertently the groln

position were moved away from the correct locations. Probably,




this is the reason of anomaly in the performance of single
groin over double groins. Though equation h.17 and L.2 are not
recommended to be conclusive , they show the probable trend

of groin projection in protecting the downstream length.

I+ has been observed that with the increase in radius
of carvatufe, there was decreaee in maximum depth . This pherno:
mena was also valid with-groin condition. & plot ( Fig. L.18:
has been,obtained'fof eingle groin condition. This is ip

agreement with Rzhanitsym (1960, after Simon 1971).

Ercsion was observed at the. upstream position of the
groin locations, This may be due to the flow 'in transverse

direction caused by the placement of gr01n°

.3 Effect of groin on the cross-sectional area and velocit

Figures .19 to 4.26 show the variation of crossﬁsecti@e
at the bends where groins were placed ahd variation of crose-
sectioﬁ at.crossings downstream of it for the case of single
groin. The continucus firm line indicates the cross-gsection
before plaulng of groin and broken llne 1nd1cates the cross-
section after placing of groin. The variation of cross—sectlﬁn<'
area for the case of double groine both at bends where groins
were placed and at downstream crossings are shown in Figs. Jﬁ _

8
to .32 . Due to plqcement of groin at the concave bends, the
channel width were reduced and effective crqss—sectlonal arec
of the flbweWas decreased. Since the discharge'was constant,

the average velocity of flow was increased. The increased




velocity resulted in scour of the bed vertically downward at
the pgroin side and the deep water channel was shifted away fr-

the groin.

Erosion was observed at the bank opposite of the groin
side. This may be the effect of secondary currents generated
5y the projeétion of groin:’Little variation of cross—section
were observed at crossings for both single and double groins.
The changes of average. ve1001ty at the crogsings were glso_
insignificent. These are shown 1in appendlx-B Small change
in width- depth ratlo at the crossings for Qlfferdnt tests can
also be seen from the tables. The deflected current at thb
bends may have leost its energy in scouring around groin toe by

forming vortex and eddies and that may be the probable reason

for more or less stable nature of crossings.

L.l Effect of groin on the size of the scour hole

Scour holes were formed st the toe of the groin for all
tests, The plan areas of the scour holes are shown in figures
4.1 to L1.170 for the case of single groin end in figures b1
to Li.16 for the case of double'groins. The size of-the scour
holes were found to increase with the increase of grein projec-
tionlfor both single and doubie groins. To ascertain the trerd
of increase of scour area with the increase of groin projecticr.,
the paraﬁeters As and b/W were plotted in normal, semi-logeri-
thmic énd 1ogerithmic papers for both single and double groins.

Best fit correlations were obtained for the plottings on.theer
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papers.lFiguré l;.33 shows the best fit correlations with
equations in logerithmic form for both singleé and double groin

conditions . and are -expressed as follows:

i

Single groin.:‘ Ag 0.887 (b/W)O-Z%L5 S 1)

2.679 (b/w)0-5% * —e= (L)

Déuble groin : Ag

The best fit line for the case of double groins have a
good correlation of 0.892 ., However, in the study of singlg
groin, the correlation was véfy poo;. The coefficient of corre-
1ation.in this case was only 0.39 . Thus, statistically results
obtained for single groins ﬁay.not be aqceptable, Collection of
more data for single gfoin condition is obviously essential,
However, figure L.33 does reflect on the .nature of scour hole
size with the increése in groin projection; scour area varies
as some power of groin projection fdr bqﬁh éingle and double

groin conditions

It may be observed in figures b1 to ll,16 that the shape
of the scoﬁr holes for single and double groin conditions differ.
The shape of the scour hole for double}groins were'found to

be elliptical and for single groin a balloon shape. with 2" bulge
at one corner pointing toward the downstreanm direction. The

shape of the single groin scour hole is in agreement with

Mushtag (1953)1.

‘The strong vortex structure formed at the toe of

single groin having s vertical axis of rotation widened the
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scour area with the increase of groin projection, For the case
~of deuble groin probably, a weaker vortex structure was formed

at the toe of the second groin along with the vortex at first
) _ :

groin toe enlarging the scour areaat the downstream direction
producing a shape like ellipse having its major axis along the

flow direction,

1.5 Effect’'of groin on depth of scour hole

Efforts were made in this study toffofm'some'idea about
the maximum scour depth formed due to ihelgroims. As mentioned
before, the shapes of the scour hele differed. Similarly,the
locations of the maximum scour depth -also differed between the
single groin snd double groin condition .. In figures L.1 to
}.10 approximate contour lines with thé-locétion of the
deepest point for single groin condition are shown. Figures L.17
to u.16 show similar observations for double groin conditions.
It may be seen that the location of the‘deepest point for double
groin conditions are close to the second groin and located app-
roximately =t the same distance from the bank as the groin
length. For single groins, the deepest point was slightly away

from the groin nose and in the dovnstream direction.

To determine the effect of groin projection, the rela-
tionship between b/W and maximum scour depth dg was obtained
as shown in figure L.34. The form of equations for which the
hest values of r was accepted. For double groin condition,

a very high degree of coherence was obtained ( r = 0.972 ).

-
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In case of single groin, the data was scéttered as evident

from the poor correlation of 0.38 only. In the study of single
groin conditions weék correlation was obtained in previéus sec-
tion and the probabie reason has already been explained.However,
the trend of scour depth variation with gréin prbjection may be
assumed from figure L.3lL . The eguations for the two conditions

agre:

It

Single groin : dg 0.205 (B/W) + 0,196  ~-- (L.5)

Double éroins : dé 0.583 (b/w) + 0,046 w—= (L.6)

It may be observed here thaf the scour depth for %he
case of double groins are less than that for single groin at
the same projection} This variation may be explaiﬁed by vortex
‘structure formed at the groin toe. As mentioned in section L.l4,
the vortex having its vertical axis of rotation is the cause
for increase of scour area. The increase 1in scour depth with
" the increase of groin projection is due to the .vortex induced
by the groin at its toe'which has a horizontal axis of rota-
tion. The stréngth of the vortex may be a function of the shape
’and-geometry and number of inducing structure. Two parallel
groins may have a dampening effect on the strength of vortex
structufe and thus résult in =zmaller scour depth in case of
double groin. The point of maximum depth were found to occur a
'iittle downstream from the toe of the groin due to combined
action‘of vortex structure and-flqw velocity towards the down-

stream direction.
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L.6 Effect of groin prbjectioﬁ on scour constant

The variation of scour constant, K = dg/q% with the
groin projection was also studied. 4s was done beforé, the best
form of correlaéion was obtained for both single and double
groin condition (Fig. L.35). Once again very good correlation
was obtained for double groins condition {( r = 0.87) , while
for the single groin condition scatter in deta produced in poor

correlation.( r = 0.20). The equations for single and double

groins may be expressed as:

= 2.510(b/W) + 5,125 L (T

Single groin : K
Double groins : K =17,811(b/W) + 0,995 -~=(4.8)

Scour constant is a measure of scour depth.-Though equa-
tion L.7 and 4.8 do not produce definite relationship between
K and b/W , they may be used in preliminary evaluation of

scour dimensions,
L.7 Comparison of predicted scour depth

Inglis( 19&9).from the observation of model studies of
groins at the Ganges near Hardinge bridge concluded that maxi-
mﬁm scour 5epth varies widely; ranging from 1.7 Dy, to 3.8 D
depending on the severity of river curvatures, length and
angle of projection and position of the groin, where DI, have
been defined by equation 2.6, and with dp as median grain
size of the bed materials., The maximum scour depth calculated

by the equations obtained in this study( eguaticns L.5 and_u.6)
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lies within the range gi;en by Ingiis's eguation for the case
of single groin, The maximum scour depth calculéted by equation
L.6 is in agreemeht with Mushtaq's equation (equation 2.7) for
the prediction of probable scour depth for double groins only.
" The scour depth obtained in this study are very high compared

with the prediction by Khosla's equation (ecuation 2.8).

cd AT



CHAPTER - V

CONCLUSION AND RECCMMENDATION

5.1 Conclusion and Rccommendotion

The present study deals with the probiem of bank erosion
of 2lluvial rivers, To stabilize the eroding banks by groins,a
laborztory study was carried out and a series of tests were
made as described in fhe ?réceeding cﬁapters, based on which

following conclusion may be drawn. .

(a) The scour depth formed at the toe of groin increases
with the increase of groin projection, The‘maximum depth of
scour at the tce of single-groin was found to be greater than
the maximum scour depth forméd at the toe of double groin for‘
the same projection (Fig. L.3L ). The ﬁariation'of the scour
depth with groin projection was also studied and a definite-
correlaticon could be obtained for double groin condition
(equation u.6-); In case of single groin no statistical corre=-
lation could be obtained but the frend is similar to that of
double groin, Resultis obtained in this study are iﬁ agreement

with Mushtag(1953) and Inglis (1949). | .

(b) The size of the scour hole increases with the inc-
rease of. groin projection and that the area of scoure hole for
double groin is 1argér than the area of scour hole for single
groin at same projection. Much scatter in data was obtained
for-single groin condition, A good fit of data for double groin

condition is given by equation iy, The shape of the scour hole

g
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for single groin was bailoon shaped with a bulge pointing

towards downstream direction, For double greins, the scour

hole was elliptical in shape.

(c) The downstream length protected by groins also
increased with increase of grodin projection, thée variation -
being logerithmic, However, at this stage of study no definite

equation can be suggested due+ to inadequacy of data volume.

(a) An increase of relative. radius of curvature was
observed with the decrease of maximum depth at ﬁool. This obser-

vation is in agreement with that of Rzﬂ%itéyn, 1960( Simons .1971).

~

5.2 Suggestions for future studies

As a next step in the laboratory iﬁvestigation, the study
of the effect cf groin projection on scour and area protected ;
may be extended by incorporating the following:

i, By using'different size Of bed and bank materials

~ii. By varying the discharge over a wide range
iii., By changing the spacing of groin ‘
iv. By providing inclination as well as -changing
projéction of fhe groin, |
Ve By using groins of various shapes and types
vi. By ohahging the location as well as projecticn

of the groin,
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Bankline in equilibrium
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Figure 2-3 Groin design (after California Highway Practice)
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Thalweg '
with groin
B Without groin
I | i 1 ) 1 N
1 1.25 1.50 .75 2.00 2.25 250

. - . T
Relative radius of curvature, -&-
wW

Fig.4.18 Relationship showing maximum depth at the bends
with radius of curvature. ( Q = 0.0267 cfs ), single groins.
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Fig.4.33 Relationship between scour area and groin
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Fig.4-34 Relationship between groin projection and maximum
scour depth. ( Q = 0.0267 cts}
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TABLE 1

Set up 1 ‘Initial Channel Slope : 0,0052

Section 1-1 (d/s bend) Discharge : 0.0267 cfs

Groin : Single Befofe groin _ After groin |
Projection: 11.U% placing ' placing
Slope | 0.00735 0.00778
Projection, ft. 0.33300 -
Channel width, ft. 2.91600 3.16600
Area of cross-section,sft 0,10L00 0.1391.00
Maximum depth of flow, ft. 0.14580 0.24500
Average depth of flow, ft. 0.03370 0,06250
Average velocity of flow, fps 0.25600 0.13800
Wetted perimeter, ft. 3.00000 3.23000
. Hydraulic radius, ft. 0.03100 0.05800C
Meander length, ft. 8.85800 8.54000C
Meander thalweg length, ft. 10.82600 10.97000
Channel length, f*. 8,00000 8.00000
Channel sinuosity 1, 10000 1.06700
Thalweg siuosity 1435300 1.37000
shear stress, pounds/sft 0. 01500 -0.03900
Stream power, ft-pounds/sec-ft0,0122} 0.01280
Maximum depth to width ratio 0.05000 0,06500
Froude number 0. 24500 0.09800
Relative radius of curvature 0. 1100 1.21000
Manning's n 0.04L700 0.06600

ugm‘-‘g}’ .
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TABLE - 1(Continued)

Set up ¢ 1 Initizl channel slope: 0,0052
Section: 1-1(d/s bend) Discharge : 0.0267 cfs.
Groin: Single Projection 11.4%

Maximum scour depth, ft. 0.2080C

Plan area of scour,sft. 0.,65000

Downstream lengthprotected,ft.1,75000
'Upstream length protected, ft. -
Scour constant, K 5.92000C

Upstream length protected/
projection -

Downstream length protected/
Projection 5.25000
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TABLE 1

Set up : 1 Initial Channel Slope : 00,0052

Descharge : 0,0267 cfs.

"Section : 3=-3 (u/s bend)

Groin : Single Before groin After groin
Projection : 5.5% placing placing
Slope 0.00735 0.00778
Projection, ft. 0. 1667 -
Channel width, ft. 3,08300 3.08300
Area of cross~section, sft, 0.138600 0,18000
" Maximum depth of flow, ft. 0.16670 0.22000
Average depth of flow, ft. ‘0,0LL00 0.05800 .
Average velocity of Flow, fps.0.19300 011800
Wetted Perimeter,ft. 3,28C00 3.33000
Hydraulic radius, ft. 0.0L 200 0.05400
Meander length, ft. 8,85800 8,5h000
Meander thalweg length,ft. 10, 82600 10,97000
Channel length 8.00000 8.00000
Channel sinuosity 1. 10000 1.06500
. Thalweg sinuosity 1.35300 1.37000
Shear stress, pounds/sft, 0.01520 0.03600
Stream power, fi-pounds/sec-ft0,01200 0,01600
Maximum depth to width ratior 0,05400 10.07200
Froude number 0,16200 0.11000
Relative radius of curvature A.OSOOO 1.24000
Manning's n 0.04500 0.06800

- Sl
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L3

TABLE - 1{Continued)

Set up : 1 ' Initial channel slope : 0,0052
Section: 3-3 (u/s bend) Discharge : 0.0267 cfs
Groin : Single . Projection : 55%

Maximum scour depth, ft, 0,220

Plan area of scour, sft,. 0,480

Downstream length protected,ft0,750
Upstream length protected,ft. -
Scour constant, K 5.522

Upstream length protected/
projection , -

Downstream length protected/
projection L. LSO
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TABLE 1
Set up : 1 ‘ * Initial channel slope : 0.0052
Section: 2-2 (d/s bend) Discharge : 0;0267 cft,
Groin : ' Bégg;; grézh After groin -
Projection: placing placing
Slope 0.00735 0.007%8
Projection, ft. - -
Chamnel width,.t. £,83000 2.830
Area of cross-éection, sft, C.11800 O.1é?
Maximum depth of flow, ft, C. 05l 0.0625
Average depth of flow, ft. 0.0416 0,027
Average velocity of flow, fps 0022600 0.2200
Wetted Perimeter, ft. . 2.850600 2.8660
Hydraulic radius, ft. 0.0L1L0 0.0L22
Meander length, ft. 8.85800 8.5400
Meander thalweg longth,ft, 10.82600 10.9700
Channel length, ft. - 8.00000 §.0000
Channel sinucsity " 1.10000 1.0670
Thalweg sinuosity 1.35300 1.3700
Shear stress, pounds/sft. 0.01900 0.0260
Stream power, ft-pounds/sec-ft0,01200 0.0160
Maximum depth to width ratio C.01910 0.0221
Froude number | o 0.19000 0.19000
Relative radius of curvaturé 1.11000 1.21C0
Manning's n 0.0L90 0.0520

p—
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TABLE 2 |

Setup : 2

Initial Channel slope: 0,0052
Section: 1-1 (d/s bend) ‘

Discharge:0.0267 cfs,

Groin ¢! Single Before groin After groin
Projection: 8,33% placing placing
 Slope . 0.,00760 0.008L0
Projection, ft. 0.20830" -
Channel width,ft, 2 .50000 2.50000
-Area of cross-section, sft, 0.11800 0.13190
Maximum depth of flow, ft, 0.1667 0.20830
Average dépth of flow, ft. O.bu60 0.05250
Average velocity of flow, fps 00,2200 "0,20000
Wetted perimeter, ft. 2,6250 2.,77100
Hydraulic radius ft. 0,0450 0.0L700
Meander length, ft. 8.0200 © 9.10000
Meander thalweg length, ft. 10,2500 11.32000
Channel length, ft, 7. 5000 7.75000
Channel sinuosity 1.0700 1.17000
Thalweg sinuosity 1. 3600 1. 46000
shear stress, pounds/sft. G,0220 0.02700
Stre&npower, ft-pounds/sec~ft, 0,013C 0.11400 - -
Maximum depth of width ratio .0,0668 0.08330
Froude number 0.1800 0.15C00
Relative radius of curvature 1.370C 1.50000
Manning's n 0.0740 0,05100
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TABLE -~ 2

Set up : 2

Section: 1-1 (d/s bend)

Initial channel slope : 0.0052

Discharge ) : 0.0267 cfs,

Groin : Single

Projection : 8.33%

Maximum scour depth, ft,

Plan area of scour, sft

G.2083
0,4375

Downstream length protected,ft.1.,1670

Upstream length protected, ft.
Scour constant, K

Upstream length protected/:
projection .

Downstream length protected/
projection

L..9700
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TABLE 2.

Set up = 2 Initial Channel slope: 0,0052
~ Section: 3-3 (u/s bend) Discharge 0.0267 ofs.
.Groin ¢ Single rBefore groin After groin
Projection: 10,3% placing placing
Slope 0.0076C 0.00840
Projection, ft. 0.,29160 -
Channel width, ft. 2.83300 2.54160
Area of cross-gection,ft, C.11800 0.12500
Maximun depth of flow,ft, 0,16250 0.22080
Average depth of flow, ft. 0,0L167 0.04900
Average velocity of flow, fps -0.22006 0.21360
Wetted p rimeter, ft. 2,95000 2.86600
Hydraulic radius, ft. 0,01,000 0. 04300
Meander length, ft. £.02000 S.10000
Meander thalweg length, ft. 10.25000 11.32000
Channel length, ft. - 7.50000 7.75000
Cﬁannei éiﬁuosiﬁy 1.07000 f.??OOO‘--“
Thalweg sinuesity 1. 36000 1, 116000
Shear streas, pounds/sft. 0.01900 0.02560
Streaﬂpower,_ft-pounds/sec—ft. 0{01260 0.01390
Maximum depth to width ratio- 0,05700 0.08700
Froude number G.18900 0.15900
Relative radius of curvature 1420000 7.47500
Manning‘s n 0,0L30C 0{05230
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.TABLE 2 (Continued)

Set up : 2
Section: 3-3 (u/s bend)

Initisl Channel slope: 0.0052
Discharge : 0,0267 cfs,

PR

Groin : Single

Porjection : 10,.3%

Maximum scour depth, ft.

Plan area of seour, sft,

0,220

. 0.375

Downstream length protected,ft,t.700

Upstream length protected, ft. 0,750

Scour constant, K

Upstream length protected/

projection

Downstream length protected/

projection

4. 760

3,420

5.820
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"TABLE 2
Set up : 2 ‘ Initial channel slope : 0,0052
« ; Section: 2-2 (u/s bend) Digcharge : 00,0267 cfs,
Groin : , 'éggé;;m;;gln After groin o
Projection: : plaecing placing
Slope | 0.00760  0.00840 .
Projection, ft. - | -
Channel width, ft. . 2.3300 2.4600
Area of cross-section; sft. 00,0668 0.0833
Maximum depth of flow, ft. 0.0580 _ 0.0710
Average depth of flow, ft.! 0.028C 0.0340
Average velocity of flow, fps 0.L000 0.3200
Yetted perimeter, ft. © 2.3600 2.51,00
Hydraulic radius, ft. 0.0280 0.,0327
v Meander length, ft. T 8.0200 9.1000

Meénder thalweg length, ft. 10,2500 11,3200

' Channel length, ft. 7.5000 7.7500
Channel sinuosity 1.0700 1.1700
Thalweg sinuosity 1. 3600 1.4600
Shear stress, pounds/sft. 0.1300 " : 0.0178
Stream power, ft~pounds/sec-ft., 0.0126 0.0139 .
Maximum depth to width ratic  0.0248 ©.0.,0288
Froude number . , 0,L200 . 0.3000

- Relative radius of curvature 1.2000 1.4750
Manning's n l0.0290 0. 0400
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TABLE - 3
Setup : 3 - Initial Channel Slope: 0.0052
~ Section: 1-1 (d/s bend) Dischargé : 0.0267 cfs.
Groin : Single -5;555; groin Afﬁer groin
- placing placing
Slope 0.0076 0,008
Projection, ft. 0. 5000 ' -
Channel width,ft. . 2,3750 2.3330
Area df cross-section, sft. 0.10416 0.15%0
Maximum depth of flow, ft. 0.1667 0.,2250
Average depth of flow, ft. '0.0u30 00,0680
Average velocity of flow, fps 0.2560 0.1670
Wetted Perimeter, ft,. 2.,2650 2.4600
. Hydraulic radius, ft. C.0L0OD 0.0650
Meander length,ft. 8.1200 7.8700
Meander thalweg length, ft, $.6L00 9.8L00
Channel length, ft. '7.7500 7.7500
- Channel sinuosity 1,070 1.0200
Thalweg sinuosity 1.2700 1.2700
Shear stress, pounds/sft. 0,0200 030356
Streem power, ft-founds/sec-ft., 0.0126 .0.0139
Maximum depth to width ratic 0,0700 0:0960
Froude number C.2100 - 0.1100

Relativeé radius of curvature 1.58C0 1,8200

v Meanning's n . 0.,0LE0 0.0587
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TABLE « 3 (Continued)

Set up : 3 Initial Channel,Slope: 0.0052

« Section: 1-1 (d/s bend) Discharge ' : 0,0267 cfs.
Groin : Single Projection : 21%
Maximum scour depth ft. 0.2290
Plan area of scour, sft. 0.5800
Downstream length protected, ft2.0000
Upstream length protected,ft, -
Scour constant, K | 5,0500
Upstream length protected/
projection . -
Downstream length protectéd/
projection L. 000

R4
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TABLE - 3
Set u? 2 3 Initial Channel Slope: 0.0052
~« Section: 3=3 (u/s bend) Discharge - : 0.0267 cIs.,

Groin : Single ' Béfore groin After groin B
Projection: 20% placing placing

Slope | © 0.0076 : 0.008l
Projection, ft. C.BlL16 ' -

Channel width ft, - 2,6670 2.,208%5

Area of cross-section, sft. 00,1110 0.1215
Maximum depth of flow, ft. 0.1667 C.2458
Average depth of flow, ft. 0,020 0.0550
Average velocity of flow, fps 0,2400 0.2200

Wetted Perimeter, ft. 2.9520 2.7060
Hydraulic radius, ft, 0,0380 0.0450

M Meander length, ft. 8.1200 7.8700

Meander thalweg length, ft. S. 8100 9.8L00
Channel length, ft, - 7.750G0 7.7500
Channel sinuosity | 1.0L70 1.0200
Thalweg sinuosity 1.2700 1.2700

Shear stress, pounds/sft. - 0.019%90 0.0288

Stream power, f?—poundg/sec—ft. 0.01260 0.0133
Meximum depthto width ratio 0,06250 0.1110,
Froude number 0.2700 : © 0,16700
Relative radius of curvature 1.4100 1.52000
Manning's n - | 0.0600 - 0.06200
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TABLE - 3 (Continuedl

Set up 3 Initial Channel Slope i 0.0052
Section: 3-3 (u/s bena) Discharge : 0.0267 cfs.
Groin : Single - Projection : 20%

Maximum scour depth, ft. 0,258

Plan area of scour, sft, 0.4800

Downstream length protected, ft.2.0000
Upstream length protected, ft, 0,7500
Scour constant, K 5.7300

Ubstream length protected/
projection . 1. 3800
Downstream length protected/

projection 3.6900




TABLE - 3

Set up : 3
Section: 2-2 (u/s bend)

104

Initial Channel Slope: 0.0052

Discharge

¢ 0,0267 cfs.

Groin : Before groin After groin
Frojection: placing rlacing
Slope 0.,0076 0. 008l
Projection, ft. -
Channel width, ft. 2.4160 2.5800
Ares of Cross-section,sft, 0.0690 0.0900
Meximum depth of flow, ft, G.0625 0.0833
Average depth of flow, ft. 0,0280 0.0349
Ayefage velocity of flow,lfps 0.3870 0.2960
Wetted periméter, ft, 2.4600 2.6200
Hydraulic radius, ft. 0.2800 0.03L0
Meandér length, v ft, 8.1200 7.8700
Meander thaiweg length,ft, 9.684L00 9.8400
Channel length, ft, 7.7500 7.7500l“
Thalweg sinucsity i« QL7C - 1.2700
Shear stress, pounds/sft. 0.07320 0.0180
Streanpower,_ftvpounds/sec-ft, 0.01260 0.0139
Maximum depth to width ratio, 0.02&8' 0.0322
Froude number ' ) 0.L:1000 0.2800
Relative radius of curvature 1,100 1.9200
Manning's n 0.0300 0.0420
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TABLE - |

Set up : i . Initial Chafnel SiOpe : 0.0052
Section: 1-1 (d/s bend) Discharge : 0.0267 crfe,
Groin 1 Single “utégf;;;mé;oin After groin o '
Projection: 19.7% placing placing
' Slope | 0,006k 0.0071

Projection, ft, - | 0,500 -

Channel width,ft, 2,7500 2.1670

Area of cross-section sft. 0.,0760 : 0.0900

Maximum depth of flow, ft. C.1208 0.2250

Average depth of flow, ft, 0.0270 0.0i20

Average velocity of flow, fps 0,3500 0. 3000

Wetted perimeter, ft, 2.7800 2.6210 )
Hydraulic radius, ft, 0,0270 0.0340

Meander length, ft. ' 9.3500 9.3500

Meander thalweg length, ft, 10,3300 10,3300

Channel length, rt. , 7.6700 7.6700

Channel sinuosity 1.2700 1.2100

Thalweg sinucsity 143400 1.3400

Shear stress, poﬁﬂds/sft. 0.0110 0.0186

STreampower, ft-pounds/sec—ft ° 0.0111 ' 0,0120

Maximum depth to width ratio "0.0QAO 0.7040

Froude number 00,2750 . O.2570-l

Relafive radius of curvature 1.2700 1.7300

Manning's n 0,030 0.042
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TABLE - l (Continued)

Set up : Initial Channel Slope : 0,0052
Section: 1-1 (d/s bend) Discharge : 0.0267 cfs,
Groin : Single = Projection : 19,70

Maximum scour depth, ft, 0.2250

Plan area of scour, sft, 00,5600

Downstream length protected,ft 2,2500
Upstream length protected,ft, 00,7500

Scour constant, K 5.4800
. Upstream length protected/ '
prcjection 1.8500

Downstream length protected/
projection L1500
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TABLE - i
Set'up s U ' Initial Channel Slope : 00,0052
Section: L-l (u/s bend) Discharge : 0.0267 cfs.
Groin : Siﬁélé ' Before grcin After groin o
Projection: 9,5% placing placing
Slope 0,006l 0.0051
Projection, i 0. 2500 -
Channel width, ft, 2,9160 - . 2.7500
Ares of Cross-section, sft.' 0. 07386 - 0.0900
Maximum depth of flow, ft, G, 12080 9.1720
Average depth of flow, ft, 0.0270 0.0320
Average velocity of flow, fps 0,3300 0.2566
Wetted perimeter, ft, 2.9840 2.9540
Hydraulic radius, ff. 0,0270 C.0310
Meahder length, ft. 9.3500 9.3500
Meander thalweg length, ft. 10,3300 ‘ 10,3300
Channel length, ft. . 7.6700 7.6700"
Charnel sinuosity 1. 2700 1.21q9
Thalweg sinuosity 1. 3400 1. 3400
Shear stress, pounds/sft, 0.0110 0.01h2 \
Sirezm power, ft-pounds/sec-ft, G.0i12 00,0120
Maximum depth to width ratio 0.0L10 0.0650
Froude number 0.3500 0.29e6
Relative radius of curvature 1.2000 1.3600

Manning's. n 0.3320 0.0L00

— g = —— s
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TABLE ~ L (Contitued)

Set up ¢ L Initial Channal Slope : 0.0052

Section: L-l (u/s bend) Discharge : 0,0267 ctfs.
Groin : Single Projection : 9,5%
Maximum scour depth, ft, 0.18?5

. Plan area of scour, sft. 0. 3750

Downstream length protected ft.1. ZSOO
Upstream length protected, ft, -
Scour constant, K 740

Up%tream length proteoted/
projection , : -

Downstream length protected/
proJjection 5.000
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TABLE - |,
Set up : L . Initial Channel Slope: 0.0052
Section: 2-2 (d/s bend) Discharge : 0,0267 cfs.
Groin : Before groin After groin
Projection : . placing placing
Slope 0,006l 0.0071
Projection, ft. - - -
Channel width,ft. ' 2.3750 2.54L00
Area of aross-section, sft - 0.0690 0.0760
Meximum depth of flow, ft. 0.0540 0.0540
 Average depth of fldw, ft. 0.0290 0.0300
Average velocity of flow, fps 0.3850 0. 3500
Wetted perimeter, ft. 2.4600 2,6200
Hydraulic radius, ft. .0.0280 0.0290
Meander length, ft. 9.3500 9. 3500
Meander thalwég length,ft. 10, 3300 . -~ 10.3300
Charmel length, ft. 7.6700 7.6700
Channel sinuogity -1.2700 1.2100,
Thalweg sinuosity 163000 | 1. 3400
Shear stréss, pounds/sft, 0.0120 0.0130
Sireampower, ft-pounds/sec-ft, C.G0110 0.01718
Maximun -depth of width ratio 0,0227  0.0222
Froude number 0.1000 0.3560
Relative radius of curvéture- 1.2000 1.3600
Mamming's n - 0.0280 -0.0330
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TABLE -~}
Set up ¢+ L4 ' Initial Channel Slope: 0.0052
Section: 3-3 (u/s bend) Discharge : 0.0267 cfs,
Groin : ' Before groin After groin o
Projecticn: . placing placing
Slope ‘ 0,006} 0.,0071
Projection, ft. - -
Channel width, ft. 2.,0000 2.3750
Area of cross-section,sft, 00,0729 0.0833
Maximum depth of flow, ft. 0.625 0.,0625
Average depth of flow, ft, 0.0360 0.0350
Average velocity of flow, fps 0,3600 0.,0320
Wetted perimeter, ft, 2.1300 2.1,600
Hydraulic radius, ft. 0.03L0 0.0330
Meander length, ft., 9.3500 9.3500
" Meander thalweg length, ft. 10,3300 10,3300
Channel length, ft, l; 7.6700 7.6700
Channel sinuosity 1.2100 1.2100
Thalweg sinucsity 1.3L00 1.3L00
Shesr stress, pounds/sft, 0. 0100 0.0140
Stream power, ftipounds/sec-ft. 0.0110 0.0120
Maximum depth to width ratio  0.,0310 0.0263
Froude number 0.3300 0.3000
Relative radius of curvature  1.2000 1., 3600
Manning's n 0.0320 0,0360

s
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TABLE - &

Set up : § | Initial Channel Slope: 0,0052
éection: 2-2 (u/s bend) Discharge : 0.0267 cfs.,
Groin -t Single | mtggggre groin ] -After groin o
Projection: 13,8% placing placing
Slope- 0.00628 0.00521
Projection, ft, 0.4160 ' -
Chanmel~widﬂhft.' S 3.0C00 : 2.5800.

Area of cross-section, sft, 0.1215 0.1110
Maximum depth of flow, rt, 0,116 0.1958
Average depth of flow, ft, ° 0.0505 0.0L26
Average velocity of flow, fps 0,0220 0.2,00
Wetted perimeter, rt, 3.7200 2.7800
Hydraulic radius, ft, 0,0380 0.0390
Meander length, ft, 78700 ) 8. 3600
Meander thalweg length, f£t. 10,8300 - 10.8300
Channel length, rt, . 7.5000 -~ 7.5000
Channel sinuosity 1.0500 _ 1.7100
Thalweg sinuosity : 1400 1.44,00

Shear stress, paunds/sft, 0.0148 0.0122.
Streampower, ft-poundd/sec-ft. 0,0100 ' 0.0068
Maximum depth to width ratic 0,0500 . 0.0736

Froude number | 0.1700 0.1750
Relative radius of curvature 1.0830 1.2800

Manning's n 0.0590 G, 0500




112

TABLE- 5 {(Continued)

Set up ¢ 5 Initial Charmel Slope : 0.0052

sSection: 2-2 (u/s bend) Digcharge : : 0.0267 cfs,
Groin : Single Projection : 13.8%

Maximum scour depth, ft. 0,2000

Plan area of scour,sft. 0.8750

Downstream length protected,ft.q.7500
Upstream length protect, ft, ' -
Scour constant, K ' 5.3400

Upstream length protected/
prrojection -

Dovmstream length protected/
projection , L. 2000
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TABLE - 5
i

Set up : 5 Initial Channel Slope : 0.0052
Section: L-l; (d/s bend) Discharge . : 0,0267 cféa
Groin : Siﬁgle Before groin Aftér groin
Projection: 1l,3% - placing placing
Slope 0.00625 ©0.00521
Projection, ft, 0. 4580 - |
Channel.width” ft. 3.2000 2.83000
Area of cross-section,sft, 0.1230 ©0.1300
Max imum dépth of flow, ft, 'O.1k50. 0,2250
Average depth of flow,'ft. 0.0380 0.0460
Average felocity of flow, fps- 0.2160 0.2100°
Wetted perimeter, rt, 2. 3800 2.9500
Hydraulic radius, ft. . .0,0370 0.0410
Meander length, ft, 9.8L00 | 10,5000
Meander thalweg length, ft. 11.8000 12,3000
Channel 1engtﬁ, ft. _ 8,5000 8.5000
Chammel sinuosity o 11500 1.2300
Thalweg sinuosity L . 1.3800 ' 1.44,00
Shear stress, pounds/sft, 0.01L6 0.0143
Sﬁremnpower, ft-pounds/sec~ft, 0.0100 0.0087
Maximum depth to-width ratio O.QASO 020810
Froude number 0,176C 0,1700
Relative radius of Curvatqre 0.7800 0.8800

Manning's n s 0.0580 0.0600
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TABLE - 5 (Continued)

Set up : § ' o Initial Channel Slope : 0.0052

»
Section: k-l (d&/s bend) Discharge : 0.0267 cfs.
Groin : Single Projebtion D 3% .
MeXimum scour depth, ft. 0.2916
Plan area of scour, sft. ‘ ,0.6875_
Downstream length protected,ft.1.5000
Upstream length pretected, ft, -
Scour constant, X 6,5900
Upstream length protected/
projection -
Downstream length protected/
projection ' 3.2700
4
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TABLE -~ 5
Set up ¢ § Initial Channel Slope: 0.0052

Section: 5-5 (u/s bend) Discharge : 0,0267 cfs,

Groin : Before groin After groin
Prcjection: placing placing
Slope ) 0.00625 0.00521
Projection, ft. - -
Area of cross-section, sft,  2,8750 3.0800
Maximum depth of flow,‘ft. 0.12840 0.1388
Average depth of flow, ft. 0,04L6 0.0450
Average velocity of flow, fps 0,2079 0.18L0
Wetted perimeter, ft, 2.9500 3.11700
'Hydraulic radius, ft, 0,0439 0.0456
Meander length, ft. 9.0C0 9.000
Meander thalweg length,ft. 10,9700 11.2100
Channel length, ft. £.2500 B.ZSOQ
Channel sinuosity 1.0900 1.0900
Thalweg sinuosity ’ 1.3300 1.3600
Shear stress, pounds/sft, 0.0170 0.0150
Stream power, ft-pounds/sec-ft. 0,0100 0.0087
Maximum depth to width ratic  0,0520 0.0520
Froude number 0.1700 0.1500
Relative radius of curvature 0. 9400 1.0230
Manningts n - . 0.0640 0.0680

“

} i " i.:_-\ '4 b
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Set up ¢ §
Section: 3-3 (d/s bend)

T

116

Initial Channel Slope: 0.0052

Discharge

: 0.0267 cfs.

Before groin

Groin : After groin
Projection: placing placing
. Slope 0.00625 0.00521
Projection, ft, - =
Channel width, ft, 3.3330 3.5000
Area of cross-section, sft. 0.1380 0.1450
Maximum depth of flow, ft, 0.1250 0.13750
Average depth of flow, ft. C.0L17 0,0L10
Average velocity of flow, fps ©0.1930 0.1830
Wetted perimeter, ft. 31500 3.6000
Hydraulic radius, ft. 0.0L01 C.0lL02
Meander length, ft. 9,000 9,000
Meander thalweg length, ft, 11,7100 11.7100
Channel length, ft. 8. 2500 8.2500
Chanrel siruosity 71,0900 1.0500
Thelweg sinuosity 1,1,200 1.4200
Shear stress; pounds/sft, 0.1560 0.0130
Stream power, ft-pounds/sec-ft.0,07100 0.00868
Maximum depth tolwidth ratio 0?0380 0:0390
Froude number 0.1670 011600
Relative radius of curvature 1.048 1.0350
Manning's n 0.0520 Q,OSAO
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TABLE- 6

\

0.07780

Set up-: 6 Initial Channel Slope; 00,0052
Section: 1-1 (u/s bend) Discharge : 0.0267 cfs.
Groin : Double Bézére groin After groin
Projection: 18,6% placing placing
Slope 0.00555 0.00602
Projection, ft. 0,6667 ~
Chennel width, ~ft, 3.3330 2.6667
Area of cross-section, sft, 0.1493 0}13368
Maximum depth of flow, ft. 0,1250 0.15,20
" Average depth of flow, *t, 0.0l479 0,05013
Average velocity of flow, fps 0.1788 0.1997
Wetted perimeter, ft. 3.3628 2.9528
Hydraulic redius,.ft. 0.0l 35 0.0L527
Meander length, ft, 10.97000 11.07200
Meander thalweg length, ft, 13.047130 14.27200
Chennel length, ft. 10.0000. 10.0000
Channel sinuosity 1.0970 1.1070
Thalweg sinvosity 143040 %,u270
Shear stress, pounds/sft. 0,01537 0.0170
Steam power, ft-pounds/sec-ft. 0.0092);, 0.010029
Meximum depth to width ratio  0,03750 . 0.057800
Froude number 0. 14880 03157200
Relative radius of curvature - 1.10020 1,&062@
Manning's n 0.07340




TABLE- & (Continued)

118

Set up : 6 Initial Channel Slope: 0.0052
Section: 1-1 (u/s groin) Discharge . 0.0267 cfe.
Groin - Dauble Projection : 18.6%
Maximum scour depth, ft, 0.1L53
Plan area of sceour, sft, 1.12E5C

Downstream length protected,ft, 2, 0000
Upstream length protecteqd, ft, -
Scour Eonstant, K ' 2.6348

Upstream length protected/
bprojection ‘ -

Dovnstream length protected/

projection 2,9900

T
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TABLE - 6
Set up : 6 Initial Channel Slope: 0.,0052
Section : 2-2 (d/s groin) Discharge : 0.0267 cis.
Groin : Double 'AWMEQEB;; groih After groinwawmn
Projection: 15% placing placing
Slope | 0.00555 0.00602
Projection, ft. ‘ 0.45833 -
Channel width,ft, 3.2916 2.8333
Area of cross~section sft, O.10062 0.1319
Maximum depth of flow, ft. 0.14583 0.2292
Average depth of flow, ft. 0.0h272 0.046568
Average velocity of flow, fps  0.18900 0.20200
Wetted perimeter, ft, 3435100 3.23900
Hydraulic radius, ft. 0.04190 0.0L407
Meander length, ft, - 8.8580 9.10L.00
Meander thalweg length, ft, 11,7120 11.81100
Channel length, ft. 747500 8.0000
Channel sinuosity 1.10.30 1.1380
Thalweg sinuosity 1.5110 1.4760
Shear stress, pounds/sft, 0,01LE 0.11529
Streampower,‘ft—pounds/SGc-ft. 0. 0092l G.01003
Maximum depth to width ratio C.0L270 0.08080
Froude number 0.16180 0.16520
Relative radius of curvature 0.91100 114700
Manning's n 0,06710 '0.06760
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TABLE-6 (Continued)

Set up : 6 - Initial Channel Slope: 0.0052

. Secticn : 2-2 (d/s groin) Discharge : 0.0267 cfs,
Groin : Dauble _Projection : 15%
Maximum scour depth, ft. ¢.1250
Plan area of scour, sft, 0.9375

Downstream_length protected, ft.2,0000
Upstream length protected , ft. -
- Scour constant, X - 2,806

Upstream length pfotected/
projection -

Downstream length protected/
projection _ AL 3636
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TABLE - 7

Initial Channel Slope: 0.0052

Set up ¢ 7
Section : 1-1 (u/s groin) Discharge : 0.0267'Cfs;
Groin : Double Before groin After groin
Projection: 22% placing placing
Slope 0,00638 0.0061.3
Projection, ft, 0.6670 -
Channel width,ft, 3.0000 2.33300
Area of cross-section, sft. 0.1649 0.14062
Maximum depth of flow, ft, 0.21667 0.30000
Average depth of flow, ft, 0.0E1.96 0.06027
Average velocity of flow, fps 0, 16190 0.18980
Wetted perimeter, ft. 3.19800 2.4,6000
Hydraulic radius, ft, 0.05150 ¢.05710
Meander length, ft. 10,82600 10.82600.
Meander thalweg length, ft. 11.81100 12.30000
Channel length, ft, 9.25000 9.25000
Channel sinuosity 1.170C0 1.17000
Thalweg sinuosity 1.27800 1433000
Shear stress, pounds/sft. 0.C2015 0.02290
Stream power, ft-pounds/sec~ft, C.01C8lL 0.01072
Max imum depth to‘ﬁidth ratio  0.07220 0.12850
Froude number 0.12170 0.13620
Relative radius of curvaturc 1.16670 1.60700
Manning's n 0.09800 0.S300C0
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- TABLE - 7 (Continued)

Set up : 7 Initial Channel Slope : 0.0052

Section : 1-1 (u/s groin) Discherge : 0.0267 cfs,
Groin : Double Projection : 22%

Maximum scour depth, ft. O.1067

Plan area of scour, sft. 0.9166

Downstream length protected,ft.2.5000
Upstream length protected, ft, -
Scour constamt, ¥ 3.2800

Upstream length protected/
rrojection -

Downstream length protected/
projection ©3.75

W
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TABLE - 7

Set up : 7 Initial Channel Slope: 0,0052

Discharge

Section 2-2 (d/s groin)

: 0.0267 cfs.

Groin ¢ Double Before groin After groin
Projection: 10% placing placing
Slope | 0.006138 0.00613
Projection, ft, 0.33300 -
Channel width, ft. 3425000 2.5833
Areag of cross~section, -sft, 0.15625 0.1736
Maximum depth of flow, rt, 0. 1458 0.2500
Averzge depth of flow, ft,. 0.0k817 0.06721
Average velocity of flow,fps 0;1708 0;15380
Wetted perimeter, ft, 3,2810 3.28100
Hydraulic radius, ft, 0.04,76 0.05290
Meander length, ft, 11.0728 11.31890
Meander thalweg length, £t,  12.0728 12.,30300
Channel length, ft, 9.7500 9.75000
Channel sinuosity- 11356 1.22300
Thalweg sinuosity 1.2366 1.26600'
Shear stress, pounds/sft, 0.01895 ’6;@212h
Stream power, ftrpounds/sec-fta 0.0706 0.01070
Maximum depth to width ratio 0.0LLS 0.09670
Fraude number | 1 0.13730 0.10450
Relative radius of curvature 1.0769 1.45200
Manning's n Of9130 0.10950
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TABLE—7'(Continued)

Setup : 7 Initial Channel Slope: 0,0052

< Section : 2-2 (d/s groin) . Dischafge : 0.0267 cfs,
Groin : Double Prejection @ 10%
Maximum scour depth, ft,. 0.70116
Plan area of scour, sft, ' 0.87500

Downstreanm length protected,ft,2,00000
Upstream length protected, ft, -
Scour constant, K T.79600

Upstream length protected/
~ projection -

‘Downstream length protected/
projection . 6.000
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TABLE- &

Set up - 8 Initial Channe; Slope: 0,005
* Section : 141 (u/s ben: ) Discharge + 0.,0267 cfa,
Grein Double —H—hgggg;e groin After groin )
Prejection: 5% . placing placing
Slope C,C0527 0.00S?G
Projection, rt, 0.16670 -
Channel Width,ft, 3.25000 3.08333
Area of cross section, sft, C.13880 C.1287
Max imum depth of flow, ft. O.,1L580 - 0.20830
AvVerage depth of flgw, ft, 0.0L270 O.0L167
Average velocity of flow, fps 0,19236 0.20780
Wetted berimater, ft, 3.37500 3.12500
Hydraulie radius, ft. C.0L192 - Q.04110
Mezader length, Tt, 9.84200 | 10.33400
Meander thalweg length ft, 1.81110 12.30310
Channel length ft, 2.33300 .'9-25000
Channel Sinuosity T.05050. 1.11700
Thalweg Sinuosity 1.126500 1.33000
‘Shear Stress, pounds/éft. 0.073500 0.01313
Stream Pover, ft-pounds/sec-rt 0.0Q878O 0.00863
Maximug debth to width ratio 0.0h1:80 0.06750
Froude number O.TGQOO 0.17940
Relative ragiyg of curvature - 1,1g)00 1.24300
Manningts p 0. 06600 0.061ﬁOO
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TABLE-8 (Continued)

Set up @ 8 Initial Channel Slope: 0,0052
Section: 1-1 (u/s bend) ‘Discharge - : 0,0267 cfs,
- Groin : Double _ Projection : 5y% ,
. Maximum scour depth, ft. 0.0833
Plan ares of'écour, sft, 0.3750

- Downstream length protected, fti.0000
Upstream length protected, ft, -
Scour constant, K 2.0750

Upstream length protected/
brojection -

Downstream length protected/
projection 5.9800




127

TABLE -8

Set up 8 . Initial Channel Slope: 0,0052

Section : 2-2 (d/s bend) Discharge 0.0267 cfs,

Groin ¢ Double Before groin Lfter groin
Profection : 25% . placing ' placing
Slope 0.00527 0.00518
Projection, ft, 0.83300 -
Channel width, ft, 3,66700 2.8750
Area of cross-section, sft, 0.19090 0.1736
Maximum depth of flow, ft, C.1875 0.2700
Average depth of flow, ft. 0.0250 Ce0603
Average velocity of flow, fps. 0.1398 0.1538
Wetted perimeter, ft, 3.7720 2.9520
Hydraulic radius, ft. 0.5059 0.5879
Meander length, ft. 9.9@2001 10.82600
Meander thalweg length,ft, 13.77000 13.94700
Channel length, ft. 3.75000 5.75000
Channel sinuosity 1.0092 1.11030
.Tﬁalwég sinuosity 1.4100 1.43030
Shar stress, pounds/sft. C.0166 0.01880
Stream power, fp-poundé/sec-ft 0,00878 0,0066l
. Maximum deﬁth to width ratio 0.05113 0.09390
Froude number 1{10800 0.11040
Relative radius of curvature 1.09600 1.441900
Manming'™s n 0, 10500 0, 10500




TABLE-8 (Continued)
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Setup : 8 Initial Channel Slope: 0.0052
Section: 2.2 (d/s behd) Discharge 0.0267 crfs,
Groin : Double ' Projection : 25y

Maximum scour depth, fi, 0,020833

Plan area of scour, sft, 1. 0L1660

Downstream length protected, £t.2.250000
Upstream length protected, ft, -
Scour constant, K L 66700

Upstream lengthfp§otected/
Projecticen . .-

Downstream length pProtected/
rrojection . 2.70000
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