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SYMBOLS
Definition

Area

Bed width

Coefficlents _
Depth of the channel
Diameter of particle
Forcs B

Si1t factor

A numerieagl constant
Lenzth_

in exponent
Goefficient of roughnass
Wetted perimeter |
Discharge in ecfs
Discharge per \mit width

Critical discharge at wvhich sediment
movanment starts.

Hydraulic mean depth

Slope or energy grgdimt
Specific gravity of sediment
Velocity of flow

Critical velocity

Velocity of fall of particles

Welght of a certain vol!ime of
materigl

Unit weight of water in gbs/cft

e I O

L/T
L/T
L/T

F/L3




24, 4, ,L,,d; Constants

25, oL Side slope

26 M Viscosity

2.V Kinematic viscosity

2. T Tractive force per unit area
2. T, Critlcal tractive force

. P | Density of fluld

31. 3 Constant

32. 95 ingle of repose in degrees
33. ¢, ¢, Constants

Hote:;_

FI/L2
L2/T
F/L2
R/L2
m.z/nz

In addition to the above list,s few symbols,not

presented above,have been explained whereever they occur,
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IN THO IU CTION

‘Irrigation is sn age old art. When the intemsity and
distribution of rainfall 1s such that 1t is not possible to
bring the crops to maturity,water has to be m:\p&],.}:d by arti.
ficigl channels drawn from scme source such ”Aa perinigl
river or a lske. Channels are excavated to the reguired cross
sectioi and bed slope so as to carry 'tbo necesssry quaatity of

water for crops.

"It 18 rather aifficult to give the exact date from
which irrigation starsed. Civﬂizatioa developed largely in
fertile plains and disintegrated after some time,due to various
reagsons,cna of them belng scarcity of water,till people found
some mathod of artificial supply of water by channels from
some river noarb}. In India, irrigation is being practised
since ancient times. The Cauvery Delta system was btullt by
the Tanjore kings in South Indls during 200 A.D., sad 1t is
remarkable that this system remained functioning upto early
nineteentk centuary when re-mecdelling was done. During the
Moghul period the waters of Yemuna were harnessed to supple-
ment the crop needs in the fertile Punjad lsnds. Similarly in
other countries like Egypt,Mesopotamia, Spain and Rome irrige-
tion canals existed in olden days. All this shows that the
ancients had some knowvledge of the laws of flow of water on
which they based the design smd alignment of channels,
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,/ Since the last centuary,considerable advances have been
made in the design of charnels as this subject has been engag-
ing the attention of hydrsulicisns and irrigation engineers.
From the hydraulic stand-point,the problem of channel design
involves tw basic aspects; one the discharging cgpacity of
the channel sid the other is the prevention of deposition or
erosin of the bed and banks or' channel. A stgble channel cam
be defined as one whick has the required discharging cepacity
to irrigate the estimsted area and which neither scours nor
silts during its rcutine flow. In other wrds the crosse
sectional areg of a stgbde channel shouléd be sufficient enough
tc carry the required quantity of water and its longitudinel |
slope should be such that 1t gives the water a volocitj at
which nelther depositien of silt occurs nor the erosin of bed
material tgkes place.

./ There are two different apprcackes to the problem of
stable design of channels,one is the theoritical sand the other
is expx emperical. In the formar spproach regearch has been done
and 19 being done by mathematiclans and hydreunlicigns to find
out the physical forces wb:l.eh cause the solid particles to
rise from bed and remain in suspension while the water flows.
In the emperical approach attempts have been made by irrigation
engineers of Indig,Egypt and other countries to find out some
emperical formulae for the design of chgnnels. The formulae
ewlved by these engineers are the result of thelr long
experience of canal malntenance and construction and these



formulae are being extensively used in prectige.

It 1s interesting to note that though the rational spp-
roach alms at a complete and exhgustive solution to the problem
it has not yet been abdble to provide a definate design procedure.
Although several solutions have been given by the resesrch
wrkers in thhs field bgsed on laboratory experiments gnd some
field observatians,none of them has achieved a universal recog-
nition and practical application, On the other hgnd the emperical
approach has provided a certain precedari of designing cangls
to the practical engineer,tut these emperical methods lack a
mathematical and rational proof. These emperical formulae are
very widely used in India,Egypt and some other ocountries,tut
the imerican engineers believe that they ate applicable only
under certain conditions and hence cannot be universglly accept-

ed unless a rational proof is given.

Hence the design of stable channels has to be studied in
the light of both these spproaches because both deserve equal

attwtion.

Object] ve:-

The major objective of the studies reported in this
thesis 15 %o mgke anp exhaustive snd criticsl study of the
literature available on the subject and to present it in g more
simplified manner so as to clarify the sound elements of progres:
and make them more easily understamdable to engineers engaged

in irrigation wrks, Attempt 1is also made to suggest further



" 1ine of action for doing experimentgl research on the subject,
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GRIERAL . REVIEW OF THE LITERATURE

Since the egrllest times onginaers‘havc experienced
difficulties due to sediment carried by the streams snd cha-
nnels. Deposition of sediment ralses the stresm bed, thereby
inregsing the flood levels and inundations,it plles up sedi.
ment in huge guantities behind dams, thereby reducing reser-
voir capacities and their functicnjit causes the rivers to
mesnder gnd often leave their original course of flow, thus
dévastating vast aress of excellent lgnd and it cregtes g
¥ariety of other problems for the irrigatiorn engineer. A
reknlgr and scientific study of this phenomenon has started
very recently,but it will be interesting to review the work
done in the past on the subject.

The Ghinege were probgbly the first to study the silt
problems in relation to floods m Yellow River. Pan C.H., 2
river expert in the lﬁng Dynagsty studied the river probleas
for about thirty years. Me observed that a proper way to
remove silt deposited in the bed of a river was to concentrate
the flow of water in the silted portion.

N

In the seventemnth centuary,extensive 'mvostua'uoas
were carried out in Italy. Guglielmini gnd Frizi were the tw
- ploneers in this field. They stated their rules of sediment
- transportatior,in terms of discharge and slope. They observe
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that as the streams approached the sea their slopes became fla-
tter and that the size of sediment beceme maller. Gaglielmini
concluded that the sediment beczmo maller in the course of flow
because the larger stones and boulders in the mountain torrents
weTe fractured and worn downr during their travel to the sep
until they becsme sand uhiqh existed at the river mouth, Ne \“\
gave tw principles; the gresgter the quantity of water a uvar\ ’
 carries the less will be its flow. |

In m 1776 (ﬁézy,a Freach engineer derived a formuls
for flow of water from the consideration of the resistance of
channels to flow vhich in"a simplified form is expressed as

.‘ \/::C\/?!—:-—_‘*""“”""

from the limited deta available at that time Chezy believed
C to be a constant. Later investigations,however, skowed that
C was not a constant,but varies with the characterstics of the
chgnnel, This was a varj inportant advance in the field of
chgnnel design and even todsy the Chezy's formula is extensively

used. .\/:C\/RS R A

Meay engineers started wrking to find out the value of
C in the Chezy's formula. Darcey and Bazin in France,Humphrey
and Abbot in mmerica and many others made valusble resesrch for
finding a correct formula to ascertain a correct value of C,
The foxmula presented by Ganguillet and Kuttér,the tw Sviss
engineers deserves fmxx consideration as it can be gpplied
under varying conditions of }low., They evolved the following

o



formulg in 187. 414/ +4 &-ogza\_r \i!\\ | 5

= - N
L +(40 éHO._gs_‘:sl)N/m
In this formula N 1s the roughness tactor, genearally knows as the

ragosity coefficient which can be givem various values for var-
ious grades of roughness of chagnnels, This formula is slightly
complicated to evalugte but the guthor!s claim to have derived

1t after collecting all the correct data of velocities,discharges
hydragulic mean depth snd surface slopes ete of the natural and
ar_titichl channels available in those days.

In 18890 Mannings gave his formula for C in the Chegy's

)
formula as c - l-4§se~Rfé . - - -...3 -

where N has the sagne values as that in Kutter's formula. From

this the velocity fommula can be convaniently written as
2 Y
NV = |~+:353 Rfs g™ . - - . A

-
-—

The Mannings formula awids all laborious eaglculations of the
Kutter's formula.

Bazin published his formula for the constant C in 1897
with the gssumption that C depends on R snd is independent of

c - |57 & 5"

\5 ™

NE
where m is again a cwefficiet of roughness in the values are

given in tablp_ 2.

ﬂl@p Q.

j;hoao formulae have been extensively used in the design of
chgnnels but they are deficient as they ame not having any refer-
ence to silt grade or silt charge vhich the water carries in earth.

»
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ern irrigation channels, The result was that the channels design-
ed on these formulae silted very badly and large smounts of
money had to be spent every year for silt clearsnce.

Towards the theortical design the earliest quantitative
-studica were made by Dubaut in 1786 to determine the velocitles
of wvater which would cause the gragnnular materigl in open
chagnnels to move. He 6bservod that a velocity of one foot per
sacond was enough %o produce sand waves in a bottom where grains
were large enough to be easily visibdle,

Dupuit stated that the transportation of sediment in
suspension was due to excess of velocity on the upper side of
thi particle as compared with that of the lower side. His 1dea
was that an object floating in a stream travels faster than
water sorrounding it and therefore it wuld tend to go towards
- the faster moving water; Since the velocities in a stremm

ordinarfly decrease from the surface towards the btottom,the
pal‘t_iele in moving towards the rnion of hi;hor velocities
wuld tend to move upwvards, He dm observed that the concan-
tration of sediment at the botton was groater thgn that near
the surface. | "

In 1879 DaBoys presented his drag theory which has been
videly accepted as the basis of bed load movement. The advantage
of DuBoys drag principle was that it furnished an elementary
spproach to the problem of bed load movement, In brief his
observations eﬁn be stated as that thetw is a critical tractive



force for each kind of material at which the movement just starts.
The magnitude of critical tractive force depends upon the size of
mat8rial, this being larger for larger sizes and amaller for small.
or sizes. For the tractive force less thgn the critical no move-
nmt tgkes place and the gmcunt of material moved wuld be pro;
portional to the excess of the tractive force acting over the
critical value, |

In India, the studies of stable channel design developed
becanse of the difficulties encountered in the large 1£r1¢.tion
canals as a result of sediment deposits. The large rivers from
the Himalayas spread over the entire northern Indias and provide -
facilities of irrigation. Since the second half of the last
cantuary extensive irrigation development started under the

"\, guidance of British enginears. The waters coming from mountains
are hoavily charged with sediment snd in some of the projects
great expenditure 1s inwvolved becsuse of the silting of resevei;s
snd canals,

In 1895 the first study of non-silting csnals sections
was made by Kennedy, then Executive Engineer on the Upper Bari
Doadb canals,Punjab. He selected over thirty reaches o& the
channels in this canal system which were stable and were niether
silting nor scouring. NHe stated that for every discharge,therse
exists a velocity in the channel at which there is niether silt.
ing nor scouring ‘ol waich he termed as critical velocity. He gave
a fomula relating velocity and depth of the channel. He reco- .
gnised that the grade of sand played an importsat part in the
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relationship and regarded the silt of Upper Bari Dbab canals as.
the standard. For other places he introduced a factor kmow as
the criticsl velocity ratio which 1s the ratio of the agctual
velocity shd the Kennedy's critical velocity., Kennedy's fomuls
was a s:lgniﬁ.caht advance in the design of chgnnels and all ’
irrigation channels were designed with the critical velocity in
view. He also printed hydraulic dlagrams which were extensively .
used in norkhern parts of Indla. Aitheugh Kannody'; wrk 1s very
useful gnd provided some basls of design 1t suffers from many
draw-backs, which we shall take up later in the fallowing
chapters.

p Kennedy should be considered as a pioneer with rezard to
the emperical channel design as he provided vith a defingge
method of spproach snd we see that during the same period many
irrigation engineers in India started thinking in terms of
checking the Kennedy's equation for their owm regiohs. We have
the wrk of Garrett,wods,Lindley followed by Lacey. In 1913
Garrett published a set of hydraulic diaggrams for the design of
chsnnels which were widely used for designing channels.

In 1917 Wods found that by Kennedy's diagraas many
altemative designs were possible for one critical velocity
whkch put the practical engineer in a fix as to use which
combination of bed width snd depth, He snalysed the data of
many existins cangls snd suggested a table of ratios of bved
wvidth and depth. Later in 1927 he presented a few equations
giving relations in the different ¢lements of the channel as A



bed width,depth, velocity end slope.

In 1919 Lindley found that Kennedy's eguation was not
universglly acceptable because both the eonstants varied from
place to place. He also observed that only one equation was not
. enough to determine a regime channel section snd hence sugges-
ted his equations giving relations in bed width and depth,
velocity and depth and velocity and bed width., Lindley's work
cah be considered as an advance over Kennedy but it also suffers
with mmejdl;;mba&s N the Kennedy's wrk. But the data collec-
ted by Lindley was of great statistical importance.

In 1930 Garald Lacay presented his theory of regime
channels vhich 1s g great advance in the present studies of
stable channel design. According to Lacey regime flow in cha-
nnels connotes physical stabllity,a dalance between silting
and scouring and a dynsalic equillidrium of forces geerating
and mgintaining tho‘channel cross section snd gredient. He
stated that regime eonditions will be established when g che-
nnel flows in an unlimited incoherent alluviam and wvhen the
discharge and silt grade are constant snd the channel is gbso-
lutely free to move in any lateral direction.. The Lacey's
concept of regime is infact applicable only when the channel
1s neglected like a river in plains,tut some of the conditions
of initial regime can be obtilned in the channels oxcavatnd
in alluviagl soils. He has given a number of eguations relating
the different elements of channels which require an exhauativg\
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stuay. A critical study of Lacey's wrk has bem preseted in
' Ch@tﬁr IV.

The abovs mentioned work towards finding sn emperical
solution of stable channels was done in India while engineers
and hydragulicians were busy ﬁa finding the rational formula for
channel desigh in other countries like France,ltaly and United
States.

The year 1920 brought a very rapid change in the sediment
transportation studies, The progress was dae to the use of by-
draulic models in the investigation of hydraulic structures.

In hydraulie models it 1s easy to relate the laws of the mod01
to that of the prototype but no such laws exist for movable bed
models. A desire to obtaln these laws brought abtout numemsus

lagboratory dxperimints;snong these are the studies of Sehaffer-

nack,MeDougal, Kraner snd Mavis. Studies on large scale models
were also made by Mayor Peter,Favre snd Einstein at the Swiss
Federal Institute of Technology. In 1933,0'Brien applied the
theories developed in studying the mixing of atmosphere to the
problen of sediment traensportstion in suspension ard points out
some relations. 0'Brien consluded that noneof the equations of
eritical tractive force were surficietly raeliable for use in
chgnnel design.

Aboit the same time Krgmer conducted a series of experi.
 ments and concluded that for moderste slope the critical tractive

.force for a given material 1s nearly constant,and the movgbility
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* “of the material 1s affected by the grain size snd denseness of
the mixture; that the trgetive force varies directly with the
‘slope and that well graded course mixtures reduce the tendsncy

‘gf. excessive ripples.

Sehaffernack observed that the individual grains of
materiagl showed their first sign of motion by vibrating or
oscillating without gctually being carried downr by the water,
The individual grains roll out of their pésitions when water
acquires a bottonm velociiy approximstely twice as that at which
the vibration or oscillation beccmas spparent. Grains of smmd
wxik tossed into the flowing water up-stregz from the sand bed
.were kept in motion across the bed at a velocity less than that
required to cause individual greins,initially at rest,to bde
| moved fren She sgrd bed, These particles tossed inte the flowing
water were kept ir motion at a velocity approximately 2% great-
or than the velocity required to cause vibration. His experiments
‘indlcated that after the critical bottom velocity has been acce-
ded the capacity is directly proportional t the square of the
bottom veloecity.

Extensive studies of sediment transportation in streams
has been done by Dr.Straub of i}nitod States. He proposed a
theory of sediment trensportation baesed on the hypothesis that
the gmount of material moved is the function of the trensporting
fcree and that it 1s defingble by the hydraulic chargcterstics
of the stream.
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, This 18 a brief resume of the wrked done on the subject
both empericsl snd theorticel upto the year 1930. Ian the last
tw decades considersble advsnces have been made all over. The
- wrk of Lane.B.W.,ard others in U,8.,A.,work of Weite C.M. in
U.K.and the wrk of Inglis C.C.,Malbotrg and Bose in India have
all been pmzroasmg. It 1s euriqns to note that still 1t has
not been possible to arrive at some definate procedure of de-
signing stable channels whick could be universally accepted.
The gap between the thwortical and emperical work still exists
whieh looks to be difficult to bridge..



SEDIMANT TRANSPORTATION 1IN OQPM CHANKELS

Slepgnti moved by the flowing water 1s classified accor-
ding to the physical process by_uhich it 15 moved as Gontact
load, Sugpended load snd Saltation locad. Particles of sediment
vhich are carried by water donot move in straight lines ut
move in various directions. The stress flow is alwsys turtulent
snd the degree of turtulsnce depemds upon the roughness of banks
ond bed of the channel gnd the velocity of flow.

Contact load is the material rclled or slid along the
bed in contineous contact with the bed, mqﬁ. turbulance of
water, the velocity causing the sediment to move 1s not constant:
and therefore whemever the magnitude of this velocity is suffi.
cimt enough to exert a force on the particles to overcome the
inertia motion is produced. In an experimantal flume the motiom
of contact lbad can be seen very clearly.

Suspended load is the materigl waich 18 moving in suse
penaion aad vhich is maintained in suspension by the component
of upward currint of turbtulart watdr or by colloidal suspension.
Strong upward currents may act on a mmall particle plaeing and
malntgining it in suspension until the currents lessen gad the
force of gravity attrafts the particle to the stream bed. The
smaller pasrticles of colloidal dimensions are moved upwards
- gad in the genersgl direction of flow by the impulse force app-
1ied by the molecules of water on the particles. Due to the
oxtremoly mmall settling rate of mmaller particles,they may be

]
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struck by a number of constantly upward moving particiles of
water to sustain in contineous suspensionm.

Saltation load is the materigl béucmu along the bed
or moved directly or indirectly by the impact of the bouncing
particles. A mall amownt of material in the form of particles
moving negr the stress bed may intermittently .strike the bed
snd btounce upward or as a result of the impact,the striking
particles may force other particles upward into the flowing

water for a temporary period.

~

Bxcept in very high velocities or very turtulemt water,
material o: gravel gnd larger sigzes mo ve almodt entirely as
contact load. Under many conditions most of the sand sizes move
both as contact lead snd as suspended load. Each of the type of
novenat follows a different law but in any stress all types
mgy be in pro'grus _a_t'the same time. Materials moving as
contact load,the saltation load snd cogrse part of the suspended
-load moving near the bottom are ordinarily named as 'bed load'.

The physical laws which govern the transportation of
sediment in water have not been fully developed and therefore
only a partial analysis of this phenomena is possible. The laws
of bed load and suspended load movement have been evolved to a
carfam extent but very little has bee done to quemtitatively
ovalugte the movement of saltation load in water. when megsur-

ing sediment load carried by a stremm it is not possible to
separate suspended load and saltation load as they are inti-

mately mixed together.
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A study of the movemant of non-cohesive materisl along
the bed of a straight unifors flume subjected to the sction of
flowing water will show that with a certain depth of flow,when
the velocity of flow increases to a certain value,some particles
of saad presumably those protruding out of the bed, conmence
intermittent movement by rolling and sliding along the bed with
further increqse in the velocity of flow particles rolling and
sliding along the bed increase in number. Depemding upon the
physical characterstics of the bded material such as sige CORpO~
sition shgpe cfc and wvith the increase in the rate of bed mater-
ial movemant, the original mooth bed gradually assumes an un- '
dulating form consisting of ripples with a gmtle slope on the
windward side snd a steep slope on the leeward side.

At this point tw questions enter the discussion of bed
load movenent. One is the law governing the comnmencement of the
bed material movement and the other is the law relating to the
rate of bed load transportation. Starting with the bed material
at rest and with the incresase of forces of curréats acting en
1t the movesmt of sedinent takes places rather gradually. The
eufical stage of movement is therefore defined differently by
different guthors as initisl movement or gemeral movement etc,
A more reasongble way wuld be to plot the rate of tregnsportation
against tractive force snd to extrapolate the rate of transpor-
tation to zero. The corresponding tractive force will give the

criticsl stage of movement,



To evaluate the relst ions of bed load movemant, DaBoy's
theory of tractive force is very useful., For uniform flow the -
force of running water exerted at the bed of a channel is ﬁnmn
as the tractive force. The tractive force is equal to the pro-
duct of the specific weight of water,hydraulic mesn depth and

the slope. fj.;wQS—-—*""‘G-

Krey observed that the resistance of sediment to motiond is
proportional to the dismeter of the sediment particles 4 and
the specific weight of sadimcﬁt in water w(Ss-l) o For criti-
cal tractive force Krey suggested the following relation,

T = Co(SVOd . -- -~ 7

Where C 1s a dimensionless constsnt, The equatien could be put

in thlis way also ff

C
. ; | wLS l)oL
Shields conducted several oxperimmts and based on his obser-

vations stated that C as suggested by Krey is not a constant
but a varigble. HNe instead suggested the following equation.

T
T = ¢ [o(',o{“ocs G_}___\_}E[w] - 8

W (S-1) d
To derive this he first assumed that the force exsrted by the

flow of water upon the éedimmt particles could be expressad

in terms of drag as ' =

Vv
where C 1s the drag coefficiet which 18 usually a function of
Rynold*s number, shape of the particles,the velocity of flow and
the diameter of particles. He alse assuned that the resistance

of particles to motion dependd upon the roughness of the bed




and the immersed weight of particles, Shield's equation takes
a simp].o form in case of g level bed comprising of par ticles
of unifom sige. T

OGDA CP‘[OM;%] SN

Fig ( {) shows the form of the funetion as determined by Shield's

for a considerable rangs of each of the different variables., It

18 necessary to note here that Shield's experiments wers limited
to particles of uniforn size only and if the material were non-

uniform then the curve tagkes an altogether different forn,

The range within which the Shield's fomula is applicable
is important in the spplbcation of experimental results. For
practical purposes function may bs assumed to be constant and
hcaca_ vith the specific gravity of gravel and gendy silt taken
as kmx 2,65,the critical tractive force wuld then vary directly
with the first gower of the diameter 4 of sediment particles.

For practical use Lane has suggested a set of T - ob
relations vhich are shown in fig ( 2 ). It will be noted that
values tentatively recommended by Lana for clear water in fine,
non-oohesive material are very much higher than thosq used in a
laboratory but usuglly have a 1ittle bdinding material which
groatly incregses the resistance to motion,

The tractive force expression T.':»MRS gives only the
meéan tractive force over the perimeter of a cross section without
deﬁning the éi;t_ribut:.on along the perimeter. For sectioné vith |
large ratio of width to depth,the hydraulic mean depth R approace
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ches the mean depth and therefore T= wDMS + This again gives
the mean tractive force of the section and camot be interpreted
to mean that the distridution of tractive force is proportional
to the depth within the cross section,

The actual distridbution of tractive force depends upon
the distribution of velocity gradient within the cross section

as givan by ,-t AV ) L o
= /{/L, ;’[‘b ’ ©.

8o long as the sheer force disu'ibqtion in g channel along the
perimater and along the depth 13 not definately defined it is
rather difficult to arrive at say conclusion. Mach wrk has been
done on the flowof water in rough and saocoth pipes by Karman .
Parandtl and Nikuradse but a final formula giving the velocity
in rough pipes with turbulent flow has not yet bean arrived at.
These are the discrependies which come in our way in the theore-
tical evaluation of bed load fomula.

This is the situation of flow in straight pipes btut the
chagnnels which are changing directions the theoretical approach
becomes rather difficult and so we are forced to look to the
enpericsl approach.

The problen of practical importance in channels is the
effect of megndering on the critical tractive force. In a winding
channel the noraal & stribution of veloecity 1s distorted and the
point of maximum velocity shifts towatds the concgve bank. The
developnent of cross currents greatly increase the tractive force

in a stream. Lane has tentatively suggested a reduction of criti-

.
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cal tractive force for different degress of sinuosity of channel
vhich are given in the table 3,

when the tractive force of a stream exceeds the critical
value cartain gquantity of ’sod:lmnt is set in motion. ‘The first
equation of sediment transportation was givea by DaBoy's in
wiich he assumed the rate of sediment trausportation was pro-
portional to the excess of the prevailing tractive force over
the critipl value roéuiud to initiate the movament. .

o =T (-1 Q) -

vhere 9,is the rate er traasportation in wlume of sediment per
unit width,Cs 1s the coefficimt depending upon the character of-
sediment. Streud summerized the results of various uiastigatorn.
and gave the vglue of Cs and Tt. for various sizes of sediment
having a specific gravity of &és,vhieh are given in tadle :Bm

Investigators in different countries have done wrk on
the bed load trensportation and have ewlved the following
fomulae:-

Gaang Y.L. 9, CW '(-(T'TL) (Uniform sand)
Schoklitssh 4, = A s/’ (9-9 ) ¢ v )
Meyer Pfttt, O(/S _ (C 5%/3 c d) (Uniform sang 1‘.:3‘50
McDougall 9 = CS (ct’_ol%-) (Sand mixture)
0'Brien % = (V) ( » )
E.shte . 9 = S (T-T)" ()

As thera ars so many relations for sediment transportation
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it is rather confusging as to which should be taken as practi.
cally useful. Johnson canpa:ed the formmulae listed above by
plotting the ssme data according to different formulae. By
means of statxstical ana}ysis of varlous plotted graphs,he
found that all the formulae were correct to the sgme extmt
and so he consluded that the choice of equation could be made
on the basis of convenience in measuring the varigbles inwl-
ved in them. The maximum 9 convered by the various authors was
ot the order of 0.03 n¥/sec per meter width of chamel or
0.3 cft per sec per foot width of channal.

Shields has given one dilu_lsignly homo genous equation
for sediment of uniforn size as follows:-

q’gs_\oqt T(.') oL . \%

945 w (DA .
Binstein has developed a new function for bed load. In

his mnthod”he has assumed that any one particle that wuld

begin to move in g given unit time could be expressed in terms
of rate of transport,the size and the relative welfgjt of the
particle and a time factor equal to the ratio of the particle
digmeter to its velocity of fall. The same peobablility was
expressed agaln in terms of the ratio of forces exerted by the
flow to the resistance of the particle to motion., The forms of
probability relationships were then equated to yield a general
fun ction

Ley) - - o v
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Binstein investigated the form of the indlicated function
by plotting the edperimental megsuraments agalnst - as ordinate
and ¢ as abssisa. The plot is presented in gig ( 3 ). For acdi;
met of uniform grain size the fact that results from the various

wrkers follows a curve is remarkable since the mg erial used
in thess experiments varied from 28.6 to 0.35 m.m.in dianeter
and the dppth of flow varied from 0.6 %o 3.6 ft.

Hunter Bouse plotted the experimental data of 3 ¢
azninst,j?and tried to reduce £t to a sin;io linear function.
The function as per Rouse becomes 3

b = 40(5) - - -

It 1s seen by the above study that the fomulu are

based on experiments in the laboratory. How far these can be

20

applicable to the natural stresms 1‘1 again a probvlem as highly
mathenatical expresions are saldonkby practical engineers.

Out of the many formulse derived Einstein®s formuls is
a new approach. He claims that his laboratory results agree to
a great extent to the field measurmaents, Further research on
the lines of Einstein will surely result in some better formula
which can hagve a wide application.



Movement of suspended load 13 an ddvanced stage of the
bed 1load movament vaen particles in saltation are caught by the
upward compon@t of the turdulent veloeity end are kept in sus-
pension. Therefore sedimet transportation in suspension 1is
always accompanied by bed load movement and if the suspended
load 13 derived from the material of the river bed,it is very
ditficult to differatiate between the tw in the region near
the bed vhere the sediment particles are also in sgltation,

‘The problea of calculating the suspended load consists
of firstly to clarify the load in a stremm snd secndly to co-
relate it with the bed load to calculate the total load. Uptil
novw only the first part has been schieved to some extent tut
progress in caleulating the total load has not reached a zatia; ,
factory stage.

) _Th spproach to the measurment of suspended load is
based on the mechaniocs of turbulent flow of flulds., If the cone
cmtration of sediment at =ome height above the bed is dmoted
by C, expressed in weight of sediment per unit wlume of fluid
and the settling velocity v, the rate at which the materials
setile through a unit area at a height will be balsgnced by the

rate of upward moveaent due to turbulent mixing and therefors

\IC” = -E_% | |

where E is known as the exchange eo_ofﬂc%mt,hamg the dimensiocns
of velocity times length, The value of/axsk is not constant
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throughout the section snd can be determined from movenent trans-

fer and velocity distribution by the fomulga

. T = PL /obd, - e 1L
wvaere V is the voloeity at a distapco Y from the botiom. S Ca

is the concentration at a distmce a from the bed then the eque~

ton £ - (2, e ez Vo on
C‘V,

7]):» K@"

tives the relative coneentration, K is the constant for turtu-
laat flow which is about 0.4 for clear fluids. As the above
equation gives only a relative conceatration,it is not possible
to calculgte the total transport of sediment. To make this possi-
ble the vslue of Ca at some elevation a should be knowm.

1t can be seen that as Z becomes mmall indicating sedi-
nat vith small nlacity of fall or the flow with greater trac-
tive force,the concentration end distribution tends to be more
uniform over the entire dcpth.

Vanenl V.A., carried out experimemts to chodt up the abtove
eqnation. For d. =0 \L m.m.and Z=\.o3experimental results compared
well with the theory. A detalled report of his experiments cean
be see in Pgper Bo,2$7 of Trensactions of ASCE. Vemoni has
observed that the distribution of the relstive concentration of
éhe suspended load has the form of the slove 'eq‘_uai_:&on bat does
not agree cjumtitatively with 1t 1.e, the vglue of exponent 2
givas by theory does not agree wvith Z1,the exponent thet fiks the
experimental results,when the suspended sediment is fine Z]1 1s
less than Z which megns that the relative concentration is more
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uniformly distributed and has a greater average value, The dis-
agreement between the calctlated end megsured distribution should
be due to the acticn of turbulent fluctuasticns in suspending
sedimant and the slip between the fluid and the sediment as the
sediment gets accelerated. For fine materials the coefficiemt
of sediment transfer zkaxix tends to axceed the coefficiemt

of movementun trgnsfer end vice versa. Suspended load refuces
the resistaice to flov thus causing sedinent lader water to
flow faster than the cleer water. In the laloratory and aver-
age suspended load of 1.2 grems per liter refuced the friction
as much as 2% and correspondingly the Manings rouginess oo-
efficient was reduced as much as 10%.

~ The above conclusion can be related to three effects
that o‘emr;; in the flow in the presence of sediment. One is
that the sedinent gppears to hm danp out the turbtulence in aﬁch
away that the momentum trénsfer»is. reduced. Second one is that
tho_tarmuncq which is not a factor in the transfer of momentum,
eontributes to the transfer of sediment gnd the third one ie
the slip between the fluld sd the sediment tends to make the
sediment transfer comfficlnt less than momentum transfer co-
officient,

The increase in velocity due to addit:lgn of sediment to
clear water does not give rise to an incregsed sedinent trans-
porting capacity since it is acoompani_sd by a reduction in tur-
bulence. Suspended logd tends to cguse the flow to become uneven-
ly distributed, These are the observgtions of Venoni which cen



serve gs a guidanéo to the resesgrch 'wrkors.

Lane snd Kalinekd presented an equation giving relation
between sedimant conceniration above the bed in a stream in terms
of the conposition of bed natorial a8 follows:~ _

-y oo

Cl, e :

ﬂ:oru Cis the eanemtration of sediment Just above the atraan
bottom gad Cb 1s the percentage of particles of the totsl stream
bed material having a fall velocity v . Megsurements taken on
the Mississippl, the Missouri and the Colorado Rivers in United
8tates indicate a defingte relatien between the two functions
vithin the range of values or the abstract number == \/-— from 0.02

gvs
to,1.0e This has an importsnt meesning in this regpect that repid

change of concentration of sediment of larger sizes takes place
near the bottom.

_ Thns ve see that thc femula gives only the listributien
of mdiment and it cednot be used to calculate the total sediment
load in suspension, In this part muchk wrk needs be done to
Bx eévaluate a rgtiongl formuls for suspended load which has not
bean done uptil now. There is also difficulty in separating the
bed load snd the suspanded load which makes the problem more
complicated to u;cﬁmc the two loads., However, 1t 1is practi.
cable to measure the total load passing at a certain section
of a stream by the diffdrent types of sediment ssmplers. Ssmplers
of different patterns have been deviced by different people but
as ssmpling of sediment forms a au_quct by itself 1t will not be

proper to dialate from the present discussion to dediment samp-
ling. -



., Einat}.cx developed a method for eslculating total load
iransported in a stregm. His approach to ,b“i/v probles rests on
tw principles naely the restriction of bed load to the bded
‘layer and corelating of suspemded load concentration at the
surface of the bed layer to the conceatration or the rate of
transport of bed load. The corelation of suspended load to bed
load implies that the former is,as a result of mixing,derived
froz the later gnd opns«iamtly from the stream bed 1tself.
Thus fine particles of sny sedimart load which donot appear in
the composition of river bed material will not be samxe included
in the cdmputation. For practicsl purposes,Rinstien suggested |
that one may exclude the finest 10X by weight of the river bed
materigl since these donot usuglly represent a structugsl part
of the bed but only loosely fill the pores between the large
particles. '

- For any given bed material and under certain prevailing
tractive force of a stream the rate of bed load transportation
cad be ascertained by mesns of any suitable bed logd foruls.
Then the concentration of the suspended load of flow at a dis-
tancc Just aghove the bod layer ahould be eoulatod vith the

rate of bed load ttmsportation. With this knowm value of
fonceantration at a d stance equal to the thickness of the

bed layer fyom the river the distribution of the suspended load
can be calculated glong the entire depth. The total suspended
load can be obtd ned by integrating the product of two curves
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along the depth n‘ne].y the sediment dlstributicn and the velocity
distritution curve. The total suspended load whem added to the
bed load will be the totsl sediment iransported by the stresm
under prevailing conditions of flow and composition of bed
material.

~ The ng_thod can bc ozpla;lnad nkc this. Thc aistanco of
travel of mall mgsses of fluid is commonly known as mixing
length. The mixing length becomes mmaller as the bed or sny wall
is approached. The flow at the bed layer in which the mixing
length is 30 amall that suspension becomes impossible has been
found bty Binstein to be above 2 grein diagmeters thick, This is .
designated as the bed layer. Assuming that the bed load material
EmOVes wiih the average velocity of Ub within the bed layer having
a thiciness of 24,the average concentration of the fraction of
bed 1oad within certain interval of the total bed load express-
od in wight of sedimmt per unit wlume of mixture is u‘*jﬁi
where 4 1s the total bed load transportation expressed 1n weight
per unit time gnd unit vidth of the channel snd Ly the fraction

of bed load.of certain sige,

The coneamtration of suspended load corrgsponding to the
slze interval also expressed in weight per unit vilume mixture
is related to the average concentrstion of bed load by the
Ly

Ca = A
- 20 Wy
vhere Al 1s gssumed to be constant. The vcleeity h,is not knowa,

sizmple relation
(25>

Assuming ||, to be directly proportional to the sheer velocity




at the bed the abave uprcssion canh be writtén as
.A Co = Az. LGCVQ Ay ‘-}qlﬁ - Ay 4
The dimensionless oons?'mt A must be dafﬁmined experimently.

Acoording to Einstein,the average value of A_Dbased on special
set of as experiments using different sspd mixtures can be
teken as A, = /\1.( o With this koW value the total suspended
load over the entire depth for various sirze intervals at the
bed can be calculated. R

Binstein's approaeh of eorolating bed load with mapmdod
loaa i3 a significnt advance m sediment transportation studhs.
Further work on Binstein's lines looks to be promising.

) —— "
. -
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A earthern chgnnel excavated in coberent glluvium is
sald to be stgble vham there is precticslly no scouring of its
bed snd bahks snd there is no deposition of sediment in flow,
waen oconsgidered over a long period. The stebility of a channel
depends upon tw fgctors; one is the resistgnce of the material
composing the channel against the erosive powdr of flow and the
other is the capacity of flow to carry a certain gquantity of
sediment load without significsnt deposition. |

In genersl the unstable chennels can be clessified into
three cata:eriogg (1) those where only scour occurs (ii1) those
vhere only deposition takes place snd (111) those in which both
scour snd deposition occur. The first class of chaunels usually
carry water with little or no sediment, The second class of
chanels are ordinarily found vhere hegvy sediment loads are
transported with their baaks snd bed of a material which 1s
highly resistant to sceur. The third class of chapnels gre
those where both scour and deposition occurs; they caerry heavy
sedimant loads and are excavated in egsily erodible materigl.

The first pioneer wrk done towards the desigm of non-
gilting chennels was by Kennedy R,G.,based on his observations
on various chsgnnels in the Upper Bari Doagb canals,Punjab, He
selected over thirty reaches on this cgnal system which were
stable frem naintmnnco point of view., These canals did not
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have either silting or scour trouble for the past thirty years.
He made observations of the velocity and depth on these reaches
and tried to corelate under certain conditions.

He observed that sediment in the flowdng canal 1s'kap‘t
in suspension solely by the vertical component of the constant
R eddles vhick can be always observed over the full width in
any stream,boiling up gently towards the surface. These eddies
rise on accomnt of the roughness of the bed and work up against
the depth of the cheanels. From the sithts also some eddies
oecur but they are horigontal for a greater part and hence of
no silt transporting power. So the silt transporting power in
a stresm 1s preportiongl to the width of the stresm and not thc-
total perimeter. A regime ema, accorfiing to Kemnedy,is that
vhere neither silting nor scouring occurs.

Ee also stated that for every discharge there is a
certaln critical velocity at which the chennel is non-silting
and non-soouring., If the velocity of the channel is less than
the critical then silting takes place and if it 1s more than
the ctriical, scour of bed snd bénks_ will result. The depth at
whbch the critical veloecity is obtained was termed by Kennedy
as the critical depth. Me plotted the various data of his obsere

vationag gnd gave a general hw of critical velocity as

Vo= C DY 27
where Vo is the critical velocity at depth D and C snd m are

the constants. For the conditions in which Kennedy ewlved this
equation,the vzlues of C agndm were found to be 0.84 and 0.64,



He als recognised that the grade of silt played an important
part in this relationship and regarded the silt of the Upper Bari

Doab eanal as standard. Hls formula can be writtén as

- o Vo = O 84 D.‘4' )
It was soon found bgad Kennedy that the :rada of silt |

variod to a great exteat in different regions wisre the canals
were constractﬁd. He{iintmdueed tho Critical Veloeclty Bgtia
which 13 a ratio between the actual mean velocity in a channel
to the critical velocity calculated by the above formula. C.V.R
represents a factor which is a measure of va;;atj.qné in the silt
condition from the standard silt of Upper Bari Doab canal. The
C.V.R, 1.0, VZVo was kept near about unity in all designs of
canals, Kennedy considered th@t_ a veloclity of xk 3.5'/sec was
just sufficiert snd safe and a slight increase in this wuld
- endanger the stability of side slopes. 1t meant that there was
a linit to depth as well. 5.5 Jla

. D\wa\x (O B4 /7 . = ‘7) .
So according ta Kamedy a ehannel cannot be stablo at a dapth
of more than 9.3' gnd a velocity of 3.5'/sec.

~He tried to work out the silt transporting capacity of
channels on the gswumption of the sides of channel being verti-
cal. Thils assumption 1s not completely wrong as in the case of
very wide chennels the sides can be considered vertisal.

Let p be the percentage of silt carried by water.
The area of ovoss section = B.D
Digcharge at eritical velocity =  Vo.B.D



mount of silt carriad = p.Vo.B. D.
| Assuning the silt carried to de proportional to the nth power
of V | |
‘unount of silt carried — KBVo p = pVoBD

Vo S (#D)

For Punjab the value of the oiponont B was 0. 64 and so

- e = o044 Som= 25 (@ppvor)

That 18 Kennedy concluded that the silt transportive power depends
on %2,

From this ‘x’ the smount of silt carried at velocity V

other than Vo can be calculated like th:ls.s_/
- x = kVhR L \,,Kv

- b(%c)

When the mean velocity of a channel exceeds the critical velecity
the silt carrying capacity will be more mxi then the bed can

resist and socour will occur. The smount of scour will be

b= pTlyR]

and 1f V is less than Vo dcpos:lt will tako place.

Tane e o= pL-0AMT

Mfomulae for the silt cerrying eapaeity were just derived
but were not checked in practive .

Kennedy carried out no investigations to find out the
sl
irrigation chgnnels. He took the Kutter's fomula snd gave the
value of § equal to 0.0225, as the average value for Punjad
conditions, He designed a set of hydraulic diagrams know as k
the Kennedy's diagrams for designing channels with different

slopes showing discharges,depths and velocities. It was scon

correct formula which 18 30 necessary in the design of



found that the value of N was not constant and 1t varied greatly
evan vith the size snd discharge of chamnels, That is why,he
himself latoxh saggested the value of 0.02 for lsrge csnals 'and

a value of 6.925 for small irrigation chagnnels,

- Kennedy's work can be considered as a plonesr wrk in the |
field of the design of stable channels. But as all basic wrks
have some draw-backs it ‘alaa_h_as got a few points of defect
which came o light later and people critlsised his work. The
suthor considers his wrk to be of basic value even though it
has a few weak polnts. The data wbich he collected is very value-

able which Lacey later took to derive different equations.

The girst dofect or Kennedy's is that he dapendcd upon

the Kutter's fomula for slope calculations. In Kutter's fomula,
the fixing of the value of N 13 arbitrary and on the discretion
of the user. For a particulsr type of material one might give

a certain vilue to N and enother person might sssign some diffe-
rent value for the sane material. There 1s nothiang definate
about 1t snd hence Kennedy's assumpticn of Kutter's formula was
basi@ally wrong; eonscqﬁmtlj all his derivations based on the
above assumption gre not gﬁ:lte correct. This discrepencey was
pointed out to him and then he said that g value of &= 0.02
should be taken for large chsnnels and 0.025 for amall channels.
His statenent that the critical velocity ratio varied according
to the silt conditions was too vague. |

Secondly in the derivation of the critical velocity
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formule Kennedy assumed that the eddies from sides have no part
to play in sedmmt_ transportation and so he related the velocity
to depth. But 1t was not quite correct.

Thirdly he 4id not notlce the imporiasnce of the bed width
and depth ratio. These are,infact,so many variables and by one
critical velocity equation a complete design canot be sought
unless some relations in different varisbles are know. Similarly
he forgot to recogaise that slope plays a great role in channels.
For the same section the critical velocity will not remain non-
silting and naa;seaurmg if the bed slope is changed.

Lastly he did not take into account the silt grade and

s11t charge in his observations. The quantity nd type of silt
plays a very important paxt in chgnnels,

In 1913 a set of hydraulic dlagran was preépared by Garret

foe the design of dagﬁne;p, These dlegrams sre avallable for any
discharge from one to 12000 cusecs,for any bed slope from 1/100

to 1/10000,8nd for any regosity coefficient from 0.018 to 0.03.
Though Garret diagram donot offer any silt theory they serve as

a §00d tool for design with provisions for follendng the Kennedy's
formula.

Hext to Kennedy an extensive survey of stabls channels

was carried out by Lindley B.S. Me stated that vhen an artifichal
)
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channel is used to convey silty water,both banks snd bed scour
and fill changing depth gradient snd width until a certain state
of balance 1s atiained at which the chamnel 1s said to be in
regine, These regime dimensions depend upon discharge, quantity
and nature of silt and rugosity coefficient of the silted sec-
tion, He believed that rugosity 1s affected by velocity also
which determines the size of wavelets into which the silted
portion is throwa. Ne concluded that the different relations’
of bed width,depth and longitudinal slope of a chsnnel were

all fixed by nature to carry a certain supply of silt load.

Lindloy's ebsorvat:lons covered over 2700 muos of channo].s
on an entire canal systas. Ne did not select the =0 called regime
~sections but instead selected straight aad regulsr reaches, He
derived the following regime cquationa:;

v - oy 5‘355- 25
B = 3. 80 D . 30

Unnk- Kcnnody Lindloy gave three differant eqnatinns relating
velocity to depth, velocity to bed width end bed width to depth,
This was a definate hprommt over Kennedy.

%o data on whi& these mmulao were b.sod 1ncludcd
bad wldths, depths and gradient of channels. Lindley did not
observe the velocities and discharges lut employed Kutter's
formula snd Chesy's formula for caloulating velocities assuming
N % be constant having a value of 0,0225, It was the same mis-
take which Kennedy did in employing Kutter's formula which allows

4



guess wrk in determingng the value of N. Lindley did not co-
relate rugosity snd silt grade nor did he give sny relation
in width and depth with the discharge,

~ Lindley's work esanot be considered of aay great impor-
tance tut the data collected by him was of great statistical
importance which was later used by Lacey to derive his adnat;ons
in 19%0. During the smme period engineers in dbfferent places o
dtarted taking observations on their respective chenel sections
to check the valldity of Kennedy's criticel velocity fomula.
It was found that neither C nor m in the Kennedy's formula were
constant tut varied greatly in different parts.

- In Bgypt Ghaled K.0. ewlved his equation for critical
\'73
velocity as Ve = 039 D —g-ov \oW-{,( E.ij?{'
‘73 31
\/o - 0.4‘7 D - -\1\.%)9(1‘ w
'Tjh_o& wrk of Moleswrth,Yenidunia and Buckley 1s al= important.
The formmer suggested a slope formula as

D =(9c6oS5+0725) /B 2
L
shd Buckley suggested 5:0025 (10000.5+8) ]
b = B 33

In table No. <4 the different values of C and m of the velocity

formula observed at different places are given vhich might be
of some interest, |

od's Fomula,

In 1927 wods proposed geeral fomulae covering velocity,
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depth and mean wl.dth and slope as undors-

D = B 434 34
vV = 134 LoSB 35
T8 - ‘ o 36

' = 2 log G X 10006
These oqnatlons cover not only width and depth or chgnnel but

also oover-d;scharu”apd slope. _Aecerd:ln; t@ the slope formula
of Wods there can be ond gnd only one slope for every given
discharge at which the #fhannel remagined silt stable.

During the smme time Bottomley W.I. presented his concept
saying that the eax;al will remain free from silting or scouring
if 1ts slope was/the same order of magnitude as that of the
parent rywer. Comments on Bottomley's concept of slope are not
available anywhers. It looks,people did not consider it of much
importance. The author fesls it whs just a silly idea because
for the same slope in the riger sometim s haa_vyswm":o_oemrs
s1d sometimes deposition tgkes place if the discharge is more
or less, There does not sem to be aay meaning in saying that
the stability of o chennel depends only on slope and all other

elanants Just donot affect.

- Lacey's wrk on stable chgnnels 15 supposed to be very
anthdri'hative and systematic even though there is lot of eriti-
ciam on it these days from the pmmerican engineers. His paper
in the Institution o;[ggeers,londgn,m 1935 and the Central
Board of Irrigation publication No.a® are very importsnt in the

study of stgble channels in Alluviom,

- B
‘ ]
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Acco:dmg to Lacey regime flow in silt transporting channe
els excavated in alluvium connots a physical stability or bale-
nce between silting end soouring and s dynamic equilibrium in
the forces generating and maintaining the chapnel cross section
and gradiet. For regime conditions to be established the funda-
mantel requirements are that the discharge should be constant,
the channel flowing uniformly in unlimited incoherent alluvium
of the same character as transported sad the silt grade snd silt
charge are a constent. In-coherent alluvium,as defined by Igey
1s that loose granular _matérid which can be scoured as readily
as 1t can be deposited. For true regime the channel should flow
in an unlimited alluvigl plein of the ssme grede as the materiel
~ transported and there should be complete freedom for lateral
“movement. Sandy rivers in alluvial platws achleve to some extent
‘ this freedom and by meandqrmg‘ adjust their length and slope,
A constaat q;seharg_a transporting silt of a given grade and flow
ing in & self trensported alluvial plain of the same grade temnds
to gssume g gradient which 1s detemmined by the dlscharge,the
silt grade,the mean vglo_éity,hydraalic megn depth and wetted
perimeter will m towards unique determ:ln#tion. Sach a constant
discharge will also tend to trgnsport a fixed regime silt charge.

 (nannels excavsted in the first insteance with defective
slope snd somewhat narrow dimensions are free by immediately
throwing dow incoherent silt on bed to increase then_' slope and
velocity and try to attain an initigl regime. Channels of this
type attain a wrking stability. Final regime represets the

”~
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condition set up in theory when all variables are free to vary.
The first adjustment which a channel,heavily charged with silt,
vill make axxx 1s that between the mesn velocity snddpth., The
ultimate sdjustmeat will depend upon the extent to which the
wetted perimeter,the slope and the chaunel length sre free to
vary. In all artifichel channels the length is usually restricted
and hence agn 1deal finagl regime cannot be estagblished,

~ Like xmnedy Lacoy also beueveﬂ 'chat the 811t is suse
pmded by the verticsl components of eddies but xioxem says that
the chgnnel section is gemerated at all pqmtswby forces normal
%o the wetted perimeter and therefore Lacey adopis the hydramlic
mean depth rather thagn the wetted perimeter as the variable, |

- The first thing shich Laeoy did was to plet Kcsmody'

wd Lindley's data and got an 0quatien of fom

-- =, R®, e
Fcr Pnnjab data he mt V= \13g R, md tor Madres data he xet

V=-79R. Hq termed the coefficiant as the'silt factor' f which
was @i index of the silt grade. Just to make the relation gppeer
simple he introduced a constant K and put f end R under the root
sign because his plot showed that the power of R should be nesr
about half. Thus his eduation took the fom

v =kVFR
The valuo of K which amit:ad his pletting of datas was givm by
him gs P 17 and heance his first formula derived Pyom the Kennedy$

data was ‘ «
ata va \/=\'\7 '_J}R, - 3
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The second fomula which vas derived by Lacey on plotting
2
£“A verses V was A-} 38\/ 1%

By these two equations he mt several other equations as a
corrollary. The important fommula thus obtdned was a relation
in wetted perimeter and discharge as

_?Q€é7\/— o 39
By this fomnla it shgll be seen that for a given discharge the
silt stable perimeter is independeat of the type of dediment and
directly varies as the square root of discharge.

'mo third hp@rtant fomula evolvcd by Lacuy by plottm;
the entire data was his gmaral regine equatien

2
o \6 R 3 S 40
and the slepc rouula as 3y,
S = coooo3gr §2 QY 4l
Lacey says that the regime equaticn of flow should be of great

pl‘actical utility in estimating the maximum discharge in rivers
:lncoherent material. The sgae eguation can be put in the

tlew&ngk
form of aao:!‘s OQuatién _ 64-\ /V> 25 \’,
‘ere constat C will have a value of  C = 64 B

- He sald that there is some confusion about the use of
rugosity coefficient N gnd lot of guess wrk has to be done %o
assign a certaln vglue to N. He introduced Na as an absolute
rugosity coefficient which could be determined solely by the
average size and density of the incoherent bed material of the
channel. The standard grade of silt is that which connots a
rugosity evefficimt of 0,0225 at a hydraulic mesndsx depth of
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one meter. He gave a relation in the absolute regosity coeffi.
ciaat and silt factor as

%
) , Nw = 0~'2.7.5"S' | | | a2
He suggested a flow equation for channels which depart from
regime as . Q Y
. | - Ng A
From the previeus basic equations he derived many other relations
8 underse
* 0-000549 'S' |
S =—ow - 44,
Q* o
\ R - O 4"714'7 __‘.g-yg 45
v '
\
v = 07937 Q 5 46

In this way he tried to corelate all the variables of channels.

 _All these equations were published in his psper of 1930
which naturally got lot of criticim and them he tried to modi-

Ly the equations whereever he could not ansvwer his critiecs,

_ Later on he mtmdnced anether factor '&ock' in chaunels
due to bends and irramlaritiea and due to the chanrnel condi-
tions, With the shock consideration his flow equation for non-
regime channels took the shgpe as 3, vy

v = V3458 (59 47 -

: . =
for s he suggested the values given in table ( 5"").

We see that in all these Lacey's formulae silt factor
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plays a very important part and hence its determmination is very
important, For snh existing channel 1t could be determined by the
cﬁntions in which it occurs if we know other elements of chgnel
But 1f the channel is in the regime, the value of f got by diffe-
rent regime fomulae should be sagne. Ay variation will indicate
the extnt to which it is out of regime. By averaging the value
of £,a falrly ocorrect value can be obtainaed.

In case the “datja_ is not aﬁgilablo then the falve of £
can be got by a formula which relites f to mean dismeter of

particles. ‘S’ R \/;: a5

8o this fact 1s wrih sppreclating in Lacey's wik that he has ,.
tried to elimingte the guess wrk to a minimum gnd has given a
definate fomula which gives the correct value. This is the
great advance by Lacey over Kennedy and Lindley's wrk. The
selection of the value of rugosity coefficient is also givem
dcnnatolg by the fomuls Noo = o-p'm.s__ —S-‘/“‘f o Unlike Kennedy
md‘l‘-mdloy he gave a regime slope formula which can ssrve as a
guide in designing channels,

- The use of Lacey's equations inwlves an appreciable
goovnt of caleulation wixkslx with chances of error. To elimingte
sach error aad to expedisie the work,Lacey has provided tw dig-
grems. In both these diagrams the coordinates are devided logra-
thmically to secure a suitgble reduction of scale at higher
values. The first 1s entitled Regime Dimension Disgram ond is
provided in tw parts one from 4 ®© 100 eusecs and the other from
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160 to 2000 cusecs, From this diagram for sny known value of
discharge Q and silt factor £ the values of bed width and depth
ean be obtglined on the horizontal and vertical coordinates res-
pectively, These dlagrams :_ive values for a channel section
wiich 18 traplzoidal wvith side slopes as 1/2 %o 1. The second
d@agm which 18 knowa as the Regime Slope Diagram gives slopes
for different discharges and silt factor. From these tw diagrams
it 1s possible to detemine the slope au;,::’iamsiomef sny che-
nnel if the tw factors discharge =nd th.e' sllt factor are kmown,
Lacey's diggrams for the design of channels are very extensively
used in Punjab sad Uttar Pradesh,

In the above paragraphs we have seem the Lacey's concept
of regime chennels snd his method of designing stable channels.
Lacey's work is referred to as a regime theory in India. These
days there is a criticlam over the uge of wrd theory for Lacey's
work, Leliavasky in his recent book 'Fluvial Hydreulies' says
that though Lacey's papers on chgnnels in alluvium is one of the
very mpertaat wrks on the subject,1t cannot be considered as
a theory. He says that there 1s a difference between an empericsl
concept and a sciemtific theory. Lacoy'; wik csanot be called
hies theory because it 1s Jn‘ét an amperical method of design of
chagnnels and 1t 1s not possible to give a rational procf for his
wrk.

The circumstances which led Lacey to ewolve the so called
theory are rather strange. At the ead of thired decade of this
centuary, there were s many alternative methods (S0 called theo.
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ries) that the 1r§1;atien engineer was at a loss to know wvhich
to choose for his design. There was 30t of data on channels dy
collected by Kemnedy,Lindley snd Madras mgineérs. To get over
this,Lacey was asked by the U,P.Government to put some order into
the mass avalldable data and produce some standard design proce-
dure. It should be ncted here that Laccy, did not produce any
un-published infommation on the subject based on thm his own
obseryations or research. At the Centual Boa¥d of Irrigation,
Lacey wrked for quite a long period to do his assignment., He
tried to put Kennedy's and Lindley's data on the sgme plot as
both represemted stagble channels snd attempted to fit in some
formula which satisfied btoth the field observations. So in brief
Lacey's wTIk can be considered a8 a clever masalpulation and
interpretation of Kennedy's and Lindley's observations. Thus
Kennedy's snd Lindley's deserves the credit which has gone to

Lacey as 1t was the regl bssis for all Lacey's formulae,

This 13 the reason why the present workers on the subject
refuse to consider Lacey's work and his emperical fomulae as
@y new theory. The fact canot be deled that the wrd theory
is used to describe certain system of logical thinking whlch
reduees a certain observed phenomennon to rational mechsniecs,
In this sese Lacey's cwncept caunot be called a theory as
hei ther Lacey himself nor anybody else has been able to provide

a Tatlonal proof for his formulae. The author too feels that
the use of'theory' for Lacey's work 1s not Justified and %
he has bem‘c‘?.reml enoggh to' call these concepts snd emperical
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relations as certain tools of design or certsin methods of desipn,

Lacey's paper which is an outstandinz achievamant in pro-
viding cartain definate design proceduro to practical engineers
but 1% has not rectkived the recognition it deserves. It has many

pecularities wvhich we will discuss now.

We kmow that Lacey evolved his fomulae by plotting the
data of Kennedy and hndigy and tried to fit in some expression
in 1t. It should be possible therefore to fit in some other
expressions also on the sme plot in a more accarate way than
Lacey did. For instancefhis plot of regime formula,Malhotra of

Punjab tried to fit in the equation .. | ‘34

- - v =\8178 R - S 42
uhieh loeks to be more suitablo for the plot than Lacey's regine

squation , =|¢R3S? . In the same way his plots could be
interpreted by some otner formulae which might be mora accurate
then Lacey's aQt;a‘clqng. Secondly the observation of Lindley that
Lacey arrived at these fomulae with exponentis in round numbers
vhich had atleast the sppearance of a rationgl basis, seams to

be correct.

mother ingtance of this is ll}is new theory of shock whlch
Lacey presented without sny new observational material. He just
looked at his previous plots snd found that he czn produce a
new theory of sheck e d those equations which he
presented in shis previous paper. The original and the modified
equations are listed below:i-
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o-ﬁc};““*‘ Moau;(-x
Sy
S$= o 00039‘7%/619 S =000055 ‘5/‘16
_ 3488
V= W7 J$R V T Pu 3\
\ 2.
N= ootaf® Nq?_’_ooz‘ls% !

o Dr.Hurst has also critiaiaed Lacey's set of formulge.
He says that 1t is not sufficient to devise emperical formulae
from the exsmination of stable channels alone but in order to
prove their application,it is necessary to show that they aid
not apply %o non-‘-‘ragi.me_mchaanqls. Another objection ralsed by
Hufst that in dealing with the observatlonal material 1t is )
always ag:fl":s:%o to operate upon directly recorded figures and
not mumdﬁ valnes. Kennedy had collected the data of dcpths
and veloc:ltias but not slopes,on the other hand Lindley collec-
‘ted slepas,hydraulie mean depths but not velocities and dis-
charges. Lacey calculated slopes fosm Kennedy's data and calen.
lated veloeitios from Lindley's data end tried to make his plot,
| This might or might not give correct results. hen ealy observed
data 1s the basis of w1k, deductions from observed data only
should be made and not from the derivations f§_f these observed
material. Thirﬂlyn_hg ¢ot only three eéuatiqn; by plotting
| quegy'-sv and Lindley's data snd from these three eguations he
derived so many other equations which 1s apothoi' misteke. That
1s the reasn viady a pariicular dimension o_t" channel calculated
from a certain 'fozl"mullta. is different from the one calculated by

\
some other formula for tho_ sane conditions.

~

Now a wrd about his regime concept. Regime conditions
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will be established when the discharge is constant,silt guade

is constant and the channel is free in its latergi movenent,

An ideal regime can only be found in rivers flowing in pliins
which are quite free to adpot their owmn course of flow. In an
excavated channel this condition is absolutely impossible to
reach, Only the so called initisl regime may be atalned by
chaanels after s number of years alapse. In that €ase all cha-
nnels excavated in alluvium have got to attaln regime conditions
even if they have defective slopes and sections because as they
grow 0ld they will adjust themselves towards the regime wondition
That way 1% 1s not necessary to maintain irrigation canals at all
becaise according to Lacey they will ultimately become stable
one day or other. But in practice we ses that the case is diffeQ

rent,

~ The great difference in @ river and a channel is that
a Tiver flows whereever it likes depending upon its slope but
a chgnnel has to go along a definate part assigned by the enginee:
So the author feels thaf to apply regime conditions of rivers %o
ohannols isnot thelaly correct, Canals han get ta be tzken by
a certalin dor_in:;:u route depending upon the .aTea they bava to
irrigate and on/kkx way 0 many structures are to bc canatructed
and 50 on.

- Now let us ox@mo .his\ formulae. It has now been widely
accepted th_atutho oconstant &éé? in the f_omula relating dis-
charge and perimeter P= 1._507\/5_ is not true gnd its falue
veries from 2,12 to 3,200 This shows,Lacey’ s contention that
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in the formula silt has not to play any part,is absolutely wrong.
This wide variation in the constant should be due to the different
types of materigls found at different places. Secondly the values
of the constant cannot be true as it has been derived from the
tw formulae and not directly observed by anybody.

~ In tho abovo para;raphs 1t was statod that the temulae

give conflicting results. If a channel of constant cross section-
al area with 1ts depth and width changing will give varying hy-
draulic mesn depths. The velocity calculated by V"‘\‘WA—'E
increases with R snd consequently there is an increase in dis-
charge, But if R increases in the formula P= 2-17y discharge
Q decreases. Since the area has been assumed constent,a deereas;
in dlscharge means a decrease in velocity. Thus vhile the former
equation gives incressed velocity with a rise in R, the latter
gives decreased velocity with the rise in R, This is the conflict
in results for the same data. Not only that, From the formula

Ag" = 3% \/5 the velocity should be constant for a conse
tant sectional area. By this reasoning if Lacey's formulae are to
be employed for calculating the dimeasions of a channel each
dimension should be calculated separately from different formulae,
Under no case should a value of any dimension be assumed and then
the remaining calculated with 1t,

Lacey's fomula¢ are gpplicable only in a certain range
and any attempt to design eh_annela below that range will give
confusing combinations. So for very small discharges design by
Lacey's fomulae 1s not possible. |
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Lacey assumed a fixed section for the particular discharge
snd silt grade, If it :l's.aceopted and 1f a channel be constructed
vith a uniform ovoss section but with different slopes then it
will soour heavhly or shlt badly. S a basic relation in cross
section snd discharge without any reference to slope is abso-
lutely wrong. Lastly the Lacey's formulae are not dimensionly
correct, In m,l- t,system of dimensions,the dimensions of f in
the fomnh ={\7JFR il be L/T2 but from the fomuls
A%"__,_ 3§ \»1» _ the dimensions of £ wrk out as I.,/T /\:hieh means
that the yalae_gt‘ £ cannot be sgme in both the equatioms. If we
assume the value of f to be constant then the constants 1,17 and
3.8 must be having some variaﬁlo factor, In P= bé?f—the dimei-
sions on one side are L sad on the other side the dimensions are

\h..

i’/: whiich does not seam lozieal. |

| @newmo_sﬁ 1:‘?‘?-"‘9‘_? thiag left out in his observations and
fornulae is the silt charge which plays a very signifieant role
in the stable channel shape. 1t has been the case even with
Kennedy,Lindley and othorls that a qﬁmtity of s0lids in motion

has not received the attutiea that 1ts Mportaneo warrants.

ken
Lacey,lator in his paper "A general theory of flow in

alluvium® in 1946,restated the conslusions which he had drawm
in his previous pspers,with a physical background. The most
important advance was the replacanent of his orighngl silt
factor 1

S = 75"'

b -
M | .5,5\, 4‘2&)|/§\/ 5o
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adopting Lene's suggestion end postulating that particles of silt
of the same grade and density fall in the restricted depth of a
mode¥ at the same rate as in the greater depths of prototype.
He produced a relation

S'v = Kwv
where v is the terminal velocity of particles falling in still
vater, This was based en his new definktion of a regime channel
 as 'a stable chanel transporting the mimimum bed load consis-
tent with a fully active bed',

In th:ls paper he preduced an equation
- sv = k(®s
one of whichk was ]
SV o= \e-oo(R‘i"-Sf/s_ 51,
It can be seen that this was done by Lacey by hoking at
the same old plottings in the light of criticism which he resfe-
ived on his previous papers. There is nothing origingl in this

‘white C.M,,of the Ipxpérig,l College of Science,london has

presented a fomula on the basis of dimensional analysis.

v _ 07 \))a

—

( R e ym Y20 oL
BRI gl @

wvhere v 1is the terminal velocity of £all of particles in water,
This can be compared with the Lacey's silt factor fomula as

03675 9"
(3}'!0

under:-

=75

r———

A4
R
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Bose,Malhotra after several years of palnstaking collec
tion and statistical analysls of data derived the following
formulae using f.p.s.units axcept for d

Yy
P = 2-68Q 53
0:@L o2\
S = oooioso\./a 54
\/4
Q’/P = S/G 150L 5¢

vhere d 1s the wei;htcd mean disnater of dodimaxt in nm.n.

~ Both the silt factor f of Lacey and the weighted mesn
digneter d of Bose define the size of the sedlment transported
- in a stable channel,but not sediment charge or rate at which
the sediment 1s transported, It can be anticipated,therefore,
that these fomulae are applicable to canals that carry sediQ
ment ‘at'iapprexi_mate}y_ the sane concentratlon as the cenals in
India from which these formmulae have been derived.

- 1t 1s curious to note that the Researh Institute of
Punjab has not produced any rational formula based on experi-
mentsl work but t::lod to check up the Lacey's formulae on the
statistical dats of Kennedy snd Lindley. This clearly shows
how Lacey's work has impressed ell the Indian research workers
Yo think only in one line of emperical appreach. It 1s high time
that atleast Research Institutes tske up some basic research on
éhe problem of channel design end try to give a rational solution

as the Resegrch Institutes of other countries.
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Experiments initiated by Inglis at Poona,wvhen he was the
Director of the Indlan Waterways Experimental Statioh,has shown

that vhen the grade of material was kept constent the charge muy

ka varied,the exponents approximated to the Lacey's fommulae.
To take came of the sedlment charge Inglis introduced a set of

formulae. The constents involved have not yet bean determined.

Inglj.s expla;nod further that se_di:ment charge has a small effect

on the area of a channel,relatively great effect on slope and

shape qndlcqnsid§rab1-q effect on channel width. The formulae

together with the Lacey's fomulae are listed belows-

' L.o»cﬁ-y’} Fornadeas

Vo
P = 2.¢67 Q
sl
A = V16 %,3
V%o v
Vo o= 0 7“37Q *
Y
R = 047 g(%)s
%gls
S —.:0~00c>54-7-___
) Q‘Ie

V
Q _ .. (‘13
% = 58 QY

]:r\,ﬂ(\ll FW"W(M»—_
AV
R =C_ R (&) s¢
\ %"3 Vg - L
\)V.}‘ Qs/(
A = (_Q_ - ; 57
}/‘k &c(,c_ U‘) 12
: Z/W; | Yis.
V - C (} 4N
S Q° (L) st
\ h
.Y QA
D = (4 Y / s
T (Co)?
(OL v.s/n_.
S = C = > 2
Vet g
. /=
b Lo G ¢
D = L ‘
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C - Qs C-g} - ‘)
" X
vhere (), 1s the rate of sediment transport expressed in vilume

In the foregoing equations

per second.

The set of fomulae preented by Inglis is the only one
developed in Indlia which has taken into consideration the sedi-
ment charge, Unfortunately the constentsinwolved have not yet
bem determined and the validity of the formulae have not yet
been verified by teking actual sediment dlscharge measurements
in csnals which are considered stable. It 1s regretful to note
‘that the subject of stable chaunels which was developed almost
exclusively in India has bean completely neglected in the rece-
nt years. Desigas of new canals on the Sormulae of Kennedy and
Lacey are extensively done in India though they dispute anong
the engineers on the selection of the values of constents in-
volved still exists. Considerable practical edperience is always
required to choose sultgble coefficiemts for particular fomulae
to an engineer whio has to use them. For engineers who are not
faniliar with the conditions on the basis of which the formulae
are applied,they are completely at a loss to mgke ptcperugf tham.

As regards the above mentioned Inglis' formulge the
author fesls that they awe teo complicated to be used by
practical irrigation engineers snd hence it is doudbtfud whether
people wuld tgke notice of them,

Diggram) of Isher Das

Ishar Das in his recent paper published in March, 1950
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issue of the Central Eoard Of Irrigation gournal sgys that the

sllt factor f of Lacey is very confusing. He says that V varies
as Rk R'# end P varies as rt, He has introduced tw coefficieta
C, and Cy and has put the above tw formulae of Lacey as under:-

= C, \/_é. 6w

| P = ¢, VvQa L €3
He has reduced from these tha follorwing rolationss-
R - Q s 4
Whae Cs = \c, c-,_)
‘\I.‘_
@k, o ¢\Cy = Q €
v Rgf'l. .
S _ o> 197 Q(.\(_L) éc
. S— . \,’, . .

Explaining the physical significence of C;, C, and C;Coyhe says
that the factor Cl_‘r'epresmt_s‘the grade and quantity of silt
carried by the streae. In other words C, is a functim of the
detritus in flowing water but unlike f it 1s a messureable ele-
mat., Cy; is o function of the nature of the periphery of the
streem 1.6, it represmts the nature of the scils surfsce form-
ing thp margin of the stresm which is gnother measureable entity.
The product C,C; has been defined by him as silt soil factor,
This product defines the hydrsulic mean depth in terns of the
discharge end statistical analysis of some religble data shows
that[id: Es a function of Q and R. It follows that the silt soll
factor 1s important in not only determining the shape R but
alse in determination of slope.

Ishar Das has presented three sets of curves for his
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three equations to save labour inwlved in the calculations,

- No comments on Ishar Das' formulae §Be avallsble as these
have not yet been checked by any practical engineer,nbether
his formulse have bean checked in any laboratyry for their
valldity.

- It is seen from the ghove _stﬁdy that the fomulaé men-
tioned have not yet reached esny r:lnal stage with regard to their
use on stable epzn:{]‘.’s. Formulae evolved by Lacey ame not uni-_- N
versally adopled even in vgrious states of Indla. The conditioms
in Southern India are entirely different from those of Northem
India snd hence Lacey's formulae are not adopted in the Southem
part of this &ub;aant;n;at. Much wotk rggarding the collectiogy
of fresh data from field as well as from experiment s in the
research labtoratories is required for ewlving universally
applicable formulae. India has done appreciable work on the
subject as seen in this chgpter snd provides necessary facili.
ties for further studies in view of the large irrigation system
in different pg ts of the country wherefrem a necessary data
can be collected.

Ll Ak Al Ld
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Bt { ETH F _DESIGVING STABLE CHARNEL

| In the previous chgpter,the emperical methods of design-
ing stable cﬁamel_s evolved in India by Kennedy,Lacey and others
have been discussed in full detall, Although faxx these formulge
provide wrkable relations for the conditions for vhich they
were developed they camnot havé a wmniversal applicgtion as thay
were developed emperically from a very limited range of condi-
tions. In Uni_._teﬁ St‘ate.s'_ while the design wrk on the All muerican

Canals on the Lower Colorado river was in progress,it was found

that the Lacey's relations did not give satlisfactory solutions

‘when gpplied to the fine sediment of that region. After a thorougt

study of the avallable literature en the subject,s statement of

the genergl principles of stable channels was prepared by Lene
B.W. at the U.S.Bureau of Reclamation.

In order to develop a rational design,Lane studied the
fundsmentals of chgnnel design and systamaticelly analysed the
factors eonti‘elling the shape of a cisnel in erodible material.
The factors which enter inte the.sta,hle chgnnel design are as
fellows:'- | |

1) Hydrgulic factors such as slope,roughness,hydrgulic mesn
depth,megn veloelty,velocity distribution temparature
ste, |

2 Channel shape factors as the bed width,depth snd side
slopes.



3) Nature of materials transported, depending updn size,
shape, specific gravity, disparsion,qugntity and the
materiels of bank gnd bed.

4) Miscellanelous such as alignment, non-anitornity of flow
sad aging.

To obtaln a rational sdlution it is absolutely necessary
%o consider all the above factors and to determine accurately the

factors of major importance and neglect those having very minor
effects, |

Of the hydreulic factors the slope roughness,hydrsulic
mesn dépth_ and Béan velocity are inter dependent and their re- -
lation is known from the usual velocity formulae. Boughness of
banks and bottom, certiinly has effect upon the movement of mater-
ial in suspension and by traction,wvhich has not been fully knowa,
yet to some extent they can be mathenatically analysed. The laws
of movenent of bed load and suspended load, too,are not fully known
'The progress made upto date has been shown in chapter No.3 which/
K;is certainly not of direct importance on the design ot ehannel. ‘/
Veloelty distribution and the mean velocity in a channel section,
are very lmportant factors,of which mesn velocity can be calcu-
lated but the velocity distribution has not yet been fully under-
stood for trapizoidal channel sections. The presence of the bound-
ary layer too cannot be forgottem,wiich marics the problem of velos
city distributioh still more complicated. Temparature has an
effeft on viscosity of vater gnd consequently the rate at which
the solid particles séttle. The effect of temparature plays an
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insignificant role in stable chennel shgpe and hemnce it would
not be much hamful if 1t 1is neglected. Moreover,in all the works
done uptil now temparature data has not been collected.

The shgpe factors are tee deptiys, widith,side slopes and the
wetted perimeter. It will be necessary to find g sectinn which
gives minimum perimeter for a given ares and discharge.

The nature of materials transported includes the sediment
particles as sh'ape,rsgype:_lﬁ.c gravity, dispersion éuantity and sub -
grade material. The s:lze.of_ the particle is of importsnce though
shgpa gy be neglected for practical purpeses, as the lagboratory.
experiments show that the rounded particles move with a Mttle
less velocity than the angular sfees. The specific gravity of
sediment may be taken as uniform becsuse even 1f it slightly
varies it 1s of less importance. The study of actual dispersion
of particles of various sizes in water has not been made uptil
now gnd this 1s opan to further studies by physicists snd chem-
1sts. The quantity of solids moving is of prime importance and
though some studies bave been made to determine the suspended
load and the bad load movemmnt,much remains to be done to evolve
a universal formula. The benk and the sub grade materigl has also
its share 1n the studies of chsnnel shppe and the stable side
slopes depend upon the angle of repose ete. If the materials '
compoging the bed and bankd are rasistant to scour,higher velo-
cities can be used than 1f the mgterigl is easily ercdibde.

In the miscellaneous graup, ws may include canal aligmment,

| i
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non-unitomity of flow and aging. Alighment is important bacause
bank scour is more likely to occur on curves. The age of csnal
is also important becaguse afier water has run for sometime in

a channel,the particles composing the bed arrange themselves in
such a manner thgt they are more difficult to move then when the
water 1s first conveyed through the canal. If the water is
silty this materigl forms a kind of week cement which binds the
bed material together and mgkes it more resistant.

- Canals for conveying water for irrigzation aer power ape
usnally designed to meet three sets of conditions. The first
1s vhen 1t 15 desired %o have a lowest practical veloeity in .
order thet the slope be a minimum. This 1s done in irrigation
canals to command more area for g glven length and in power
cangl this is done te obtain greatest feasible head. In the
second type 4f is required to reduce the size of the canal to
a mimimum in order to make the cost as small as possible without
mgking slope steeper then necessary. In the third condition 1t
18 sometlmes desired to carry the canal on en alignment that has
a slope as steep as possible in order to reduce the cost of

drops and falls on the way.

The defination of stable chgnnels as per Lané is ® a
stable channel is an unlined earthern chgnnel for carrying
water,the banks and bed of which are not scoured by moving water
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snd in which objectionable deposits of sediment donot occur®,
Sediment has been defined as frogmentsl materigl transported by
suspended in,or deposited by water or accummulated in beds by

any other natural agemts.

There can be in gemeral three classes of mazk unstable
chaanels - (i) Ghannels vhere baks snd bed are scoured without
deposits. This will occur when the water is either clesr or the
sediment carried is very asmll in quentity.(11l) Ghannels vhere
deposits occur without much scour. This will occur from the
sediment bi'onght into the canal with flowing water or seoured
fron the benks bed upstresn. (1ii) when chaunels have objection-
able scour a1d deposits,both presait at the saue time. For pre-
vention of unstabllity of the first flass an sna¥ysis of soouring
actlion 1s ‘necessary. For the second case 1t is necessary to
ensure that the sedlment brought in the canal 1s carried upto the
dowstrean end. The thrd case 1s the combination ef both.

To be stable from hydraulic stand point a csnal in ero-
dible mgtarial nmst_not scour on tb_a sides and bottom and ohjec-
tionable deposits of sediment should not take place. In order
that the bottom and sides may not scour,it is necessary that the
conditions of flow at all points en the wetted perimeter rampaxim
thmxkunkd of the canal be such that the particles composing the
banks gnd the bed are not displaced and to prevent sediment
depuf@:‘ the flow should be such that sediment 1s not allowed
30 deposit but it flows till the end of ecanal. One important poini
in design of channels carrying large sediment is to mveétigate
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the hydraulic faclors of canal which will have a transporting
cagpaclity sufficient to carry the material introduced at the upper

end,

~ We shall now try %o see as to what forces cause scour on
canal banks and bed. Scour on the banks and bed takes place when
particles composing the side and bottom are acted upon by forces
sufficient to cause them to move, When g particle is resting on

to the motion of water past éMfe particles. If ecour in bed is to
be preventdd the motion of water must not be rapid emough to
produce forces on the particle sufficiently large to cause it

to move, If a particle is on a sloping side of a canal,it 13
actdd upon not only by the veloclty of water but akso by the
force of gravity which tends to make it roll or slide Gow the
slope. The force tending to cause the dowaward motion is the
component in the direction of side slope,of the force of gravity
acting on the particle. If the resultasnt of the force due to the |
motion of water and component of the force of gravity acting on
the particle is large enough than the resisting power of partiéld,
motion_ of particle tagkes place.

This can be illustrated like this, Consider a particle on
the perimeter of the cross section of axx canal is level, the

motion
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of particles at A will occur when watar moves zﬁt”the particles

vith sufficient veloclity Yo produce a force F,large ensough to
cause it to role or slide longitudinally down the canal. At B,
on sides,the force of water Fy will act in the longitudinal
@girection and the force of gravity G will have a component ¢ |
in the direction of side slope, Motion at B will occur when the
resultant F of the lmgitudingl force Py and the kravity COmpOo~

net G is large enough to cawse motion.

The movement of material on the banks and bed of canal
depends upon the steepness of side slopes and the velocity dis-
tribution near the bshks. The forces due to the slope of sides
aTe easy to gnalyse but the veloelty near the banks is very
ditf_iqult to d‘otgm‘ino. Seeondly.thg presence of bounéry layer
cannot be ignored which makes the problem still complicated.
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Tractive force as explained by DuBoys,is the force which
the water exerts on the periméter of the ca:lai due to its motion
and in the dimection of motion. It 1s a force exerted on a cer-
tein area and not on any single particle. This tractive force
is equal end opposite to the force exerted by the bed material
on the fdowing water. These fw forces being equal and opjosite
there is no acceleration to water. If the bed materig; were not
to exert any force on water,it wuld flow as a frictionless ball
on an inclined plane. In a channel of constant slope where the
vater is flowdng steadlly,there 1s no accelatation because the

force causing motion is equal to the force preventing motion.

Iractive force is the component of weight of water ian the
direction of flow. In a chamunel ef infinate widih and length
with unifora slope,the tractive force exerted by the water on
one square foot of ades is the component of weight atxwrkaxxkx
in the direction of flow. The weight of water is wD and its
component in the direction of flow will be wDS.

In traplzoidal canals the tractive force is not waifommly
dlstributed over the bed and banks but approximate to that shown

as below
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In the present studies,Lans has assumed that the tractive force
dilstribution \'d.ll be simllar in all cengls having the same B to

D ratio and the seme side slope, So if the tractive fores distri-
bution for one section 1s known then it can be assumed that the
distribution will be similar in similar cross sections. After an
exhaustive study of all avallable data of veloelty distribution
and the sheer siugm fores distribution,Lane arrived at certain
limiting vaiues of tractive force on sides and bottom and plotted
figures ( 4 ). His results indicate that for trgplzoidal channels
of the shapél.ordmarily used in cané.ls the maximun sheer force
on the bottom would be close to the value of wDS and on the sides
the meximum tractive force will be 0.76 wDS.

To arrive at the limiking values of tractive forces Lane
not only did laboratory experiments but he al_Aso.obse'rv_ad the
eanals,leeate‘d,uhere the Rio Grande leaves the mountalns and
flows out on an alluvial cone. The materials in this sectlon
deeregsed in size from the gppex outwards and provided canals
in the materials of a wide range of size. These canals were
straight, stable and regular in cross sections and were steep

enough to give high velocitiea ‘and tractive forces. They ltave
.’ him a complete opporttmity éf observation on prototype canals
built in gr#ded material. Fifteen different reaches were observed
by Lane havinj dis_chai_l;(o from 17 cusecs to 1500 cusecs and having
longitudinal slopes of 4.2' to 51' per mile. The results of these
_obsrvations ave plotted in fig (@9). )

The effect of side slopes on the limiting tractive force



-

The particles on tt;a side slopes are subjected to tw forces,one
is the force otmwgtgrmtg_idzlgg to move the particle down the
canal in the direction of flow and the other is the force of
gravity having its component in the direction of side slope
tanding to move the particles dma the sloping side. By combin-
ing the tw actlions the effect of the slope of sides on the
critical tractive forefe necessary to cause motion can be _ealcn;
latea.ln__théigi, let W be the weight of a certaln wlume of
material located on the surface of a side bank the slope of which
is %c The force W cen be resolved into its normal and tangential
components N = Wcos < and T= Wgne These two oqua-
tions would have supplied a sdlution in still water but the csnal
15 ocarrying certain discharge and so in addition to T end N we
have to consider the effect of tractive force ‘| . It now
follows that in thls case,if there is back of equilibrium due to
tractive force the trajectory of a moving soil particle will not
be the line of maximum slope falling in the plsnes perpendicular
to the canal axis tut on inclined route as 0 A . It is obiwous
now that for camputing the stability,ws must equatde the friction
force 1 ‘o ¢ to the resultant \/’ﬁ"-\-T"» - of the
tw forces T gnd T. Since the tractive force is proportiond
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to the depth D and slope S and since the slope S is econstant for
a certaj.n ranse ve will have 'f[ —= (L)DS wheve uos N Congtant,

¢ T TL N tan ¢

\/'C-HN S, = W Coset tan

where ¢ 1is the angle of repose of the matorials of bed and
bank and o 1s the side glope of bank.

ﬁow sabstitute ’f mstead of T ¢iv1n¢ the crit:lcal

tract:l.ve force and we have .
2
T:: + W SmieL, = W C-o;-ab' ‘:amcﬁ

a 2 LN .
T: = W ((‘.os ol ‘\“O\W ? - S\r\'l&)
S T, —V\/\/mso(,hhsb_s,#:‘

This eéuation holds good for allvalues of £ the side slope.
It L =0 them |

o Y = tand
which means that the grannular material foming the bed of canal
will remaln stable so long as the resultant of the tractive force
end the weight will remain within limits defined by the sngle of

repose,

~ For practical application Lane tried to determine quanti-
tatively the ratio between the critigal tractive force
for side slopes and critical tractive force on the bed. Combin-
ing we have
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For convenience in design K has been worked out as the ratio
betwsen the critical tractive force on sides to that at the
bottom. Lane has prepared a diagran giving a graphical represen-
tation of this eéuaﬁiox_;. Sea fig. ( el ). For example in a
materigl whose angle of repose if 35°, the critical tractive
force which wuld move the material on the side of a canal vith
1% 11 side slope will be 0.28 times that which would cause

motion on a level bed,

~ Lene has glven another %diagﬁr;a ( 7 )waich gives the
angle of vepose ¢ as a function of the shape and size of
particles. By means of these two dlagrams the problem of tractive
force on side slopes,so far as scour is concemed,is completely
s3lved. |

Now the problem is to find out the tractive foree on the
bed, The .. basic pa‘l'amatgr“fer 1mmovhb11:lty of the grains,ix
opposed to the critical tractive forco is the size of the grains
d. For the mykexkxkximxkhzanx purpose of design,Lane has devid-
ed gll the materials in three types (%) which require différent
methods of gnalysis (1) Coarse and noncohesive material (2) fine
noncohesive materigl (3) Cohesive material. For the design of
canals in coarse noncohesive materigl,the action of particles

rdlling dowa on sides shuuld elso be considered in gddition to



limiting tractive forece as the h_ottom‘. Where the cangl 1s conse
tructed in cohesive material the particles are prevented from
rolling due to cohesion. Canals in fine noncoheyive material

are intermediate between the two, In this case the effect of anall
amounts of cohesive sediment in the water or in the material
through which the cangl flows, becomes importent.

2 plez ng._ fé ) has been prepa;l‘ed showlng the 11m1trag
value of tractive force for dbsign of chgrnels in coarse and
noncohesive materigl baded upon the data of Sgn Luls Valley
Canals. ‘lheili_r;e‘ A on the figure represents relai_:i_on;t:agtive
forée in poinds per quqgre._'foot eéugl_s_ ]/2__the digneter of parti-
cles in inches sﬁeh that 26 per cent of the material is coarser.
Tbough the line A represents nearly the trae values of tractive
force in canals, there is not enough fgcpor of safety for use in
design and beme line B is draewn tentatively swh that the limiting
tractive force in poinds per square foot ecjuals_to 0.4 the die-
meter in inches for which 25 per cent of the materisl 1s larger,
and line B is Trecommanded for design purpose. One thing should
be noted that all these relations are meant for cnly stralght
camals and shxw so these should not be gpplied to canals with
bends and curves, Second thing 1s that the materials analyshd
for nz.(lc;_)_has a specific gravity of m 2.56. If 1t 15 used
for materigls having different specific gravity,the tractive
forfe for a given size aslindicatadvby the d:_l_a;grgm should be
multiplied by the retic of the unit weight of the material sub-
merged to the unit weight of material having specific gravity of
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2.56 wheimh:uhnarged. In the cgses of coarse materiagl the mit ot
we
\d-dth[with volds filled with water should be used.
- M oxaple vill elasiry the mattors. SlpPose a canal 1s
ta be built in slightly angular materisl 26 per cent of which
is one inch or over in dlaneter and that the cekal water section

has a 10 feet bed width and 6 feet depth with 2.1 side slope.
B = 10"
D = §
S Slu\w.. = 112

_%_ = 0 _ 9
D 5

~ The maximum tractive force on the tottom of canal with
" B/D= 21s shown by gig.( 4 ) to be 0.89 w8,

‘. No motion will oecur on the bottom 11‘ this 0.89 wDS does
not exceed the limiting value for the materigl.

| 'rhe limiting ulua of tractive force for material ei‘
waich 25 per cent is over 1 inch in dismeter is shown by fig.
( ©) as 0.4 pounds per square foot.

The limiting longitudinal slope of canal is therefore

Y

S = _°o% . ’
0 89 w- D
- o4
= —— - ' w Ogo!ltd
OB x§rax & Qv \



The safe angle of repose of slightly anguler material
of 1" dig is shown by fig.( 7 ) to be 36°,

For side slopes 2.1 and gngle of repose 6" the safe
tractive force on side slope 1s 0.64 of that on the bottom,or
that is 064x 04 = .24 lbs/s%'

The mamm tractive force on the sides of a trapimidal
ehannel with B/D =72 @nd side slope 2:1 is from the ﬁ.g 0 76

wDS, '
S oY LE

o 7€xwx D

- C-00\0

| Since the limiting slepe rer sides 1s anallor than that
rer the bottom,the fommer would control the design and hence a
slope of 0.601@8 should be adopted in the atove case.

~ The ahave method of ehannel desi evelved by I.aue isan

aatirely nevw line of attack to the preblm of stgble channel
design. In this solution empericism goes hand ink hend with
theoretical enalysis. The amperical part is confined to the
assumption that the design of cangl 1s a problem of tractive
foree,but the caleulation of that force and its permissible
limits is a matter of clesr cut theory based on laboratory ex-
periments, This method has been very recently avolved and 1t has
not been in practice. Once a few canals are constructed on this

basis mgny more things will be explored. -
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| Lgne's approach to the problem of chennel design kxpimdddd
1s,indeed, a great advence in stable chennels. First of all he has
studied the entire litarature available on the subject,both
emperical @nd theoreticsl and prepared e combined diagram show-
ing relations of bed width asnd depth for the important emperical
formulae (£¢). Secondly he is probably the first person who has
_tried to snalyse and acoount for all the fundemental tactours
which contrel the shape of stabbe chgnnels,and discuss as what

extent each of the factors he given importsnce, —

_ /OInei-ltﬁaetQi seams to have remjined unnoticed in the above
1ist end that is the effect of seepage into or out of the canal.
Seepage may have an appreciable effect on the resistance of .‘
canal bgnks to scour by flowing water, The segpézo out of canals
produces forces on the particles which tamnd to hold them down
on the bed or on the side slope end thus make them less subject
to movm@t by the force of water. Similarly seepage into the
canal has an eppositi effect since it tends to 1ift the particles
end thus mgke them move more readily. So seepage effect,the
author feels,cannot be ignored in all chgnnels in noncohesive
mater'i;l. There 1s no doubt that in the first few days after
starting a newv canal,the rh‘xer, sediment flowing along with the
vater might fill up the void spaces of slightly bigger size of
material and thus fom a sort of an imperviuws layer on the
perimeter. But 1t has been observed that in all canals in allu.
vigl soils the seepage losses are heavy snd so seepage cannot

be neglected from our dlsocussion.
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while analysing the tractive force on the bed and bottem
Lane says that velocity distribution piays an importsnt part in
the distribution of tractive force tut as its determination 1s
rath8r complicated /and=-aa he has extirely left it out. There is
a boundry layer present which also plays an importsnt part in
veloelty distribution which has also been completely omitted.

‘Again there are eddy currents present in g channel section,
the vertifal components of which tyy to keep the flowing material
in suspension. In thelr papers both Kennedy and Lacey have men-
tioned that sediment in a flowing canal is kept in suspemsion
soley by the vertlcal components of the constant eddies which can
always be obsqved in any channel boiling up gently to the sur; |
face. The eddles rise due to the roughness of the bed snd sides
and wrk up aﬁ__ains‘ the depth of chagnnel. So these eddy currents
too must be pRlying a significant part in channel design which
seams to have slipped Lane's aﬁtmtien.

The basis of calculating the tractive forc¢e on bed and
side slope needs some changes. The particles on the side slopes
‘are not only acted upon by two forces,one,the flow of water and
the other,the component of weight in the direction of slope which
tries to slide the particles along the side slope,btut there is a
third force of seepage which will try to Meep the particles in
thelir position in case of seepage outflow and which will try to -
expediate the motion in sloping direction in case of seepage
in flow. Hence it is necessary to calculate the pattern of seep-
agé 1n the bed and slope and properly incorporste it in their
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derivation of trzctive force formulae.

The calculation of shear force has been done on the assum-

ption that the pattern of traective force will be similar in simie-
lar cross sections of channels. Under this assumption all canal
sections having the same B to D ratio and the smio side slope will
have the same tractive force. This aasam;:tionln:t seem quite
correct to the author. The tractive force or the shear force
directly depends upon the veloclity distribution in a channel
cross section. shen we adnit this fact it is evident that unless
the veloeity pattern is similar in tw similar cross sections,
the tractive force distritution camot be similar. For veloclty
to be similar the longitudinal or bed slope too should be similar.
Secondly it 1s somékhing 1ike a medel and a prototype. Studies
on hydrsulic models speciaglly the movable bed models have shown
that the experiments on models give Just Qgéltitative results |
aad not quantititive. Sometimes the flow pattern becomes eantirely
different, for instsnce on a mmall model a particular flow if
relncod»in prepqrtien chengzes the type of flov altogether 1,e,
a turbulent Tlow becomes a laminer flow which is governed by the
viscos forees. Heace the author feels that though the assumption
is good to start with,it has got to be seen in the light of the
above discussion and suitable coefficients will have to be suge-
ested for tractive force in similar cross section depending upon
the discharge and bed slope.

Lane has prepared a diagram for the angle of repose of
dlfferent materials, It is not mentioned whether the vslues have
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been observed in sutmerged conditions or not because submergence
will have its effect on the fine non-cohesive material though its
effect might be less preominent in materials of bigger size,
Secondly the sngle of repose farr:?certam slze and diu!uat*;?'w A
but in ngture, most of s3ils are found to have particles of
various sizes and in that thse the angle of repose dlagram may
not hold good. This fact needs an urgent attention otherwise
Lane's methods of design may not be applicable in any practical
case. Thirdly,considergtion whether a material is very angular,
moderstely aggular or sli_ght]_.i angular and very rounded,moderate-
1y rounded and slightly rounded is entirely left to the entire
discretion of the user which brings in all possible mistakes.,
A material vhich has bean designated by ene as slightly angular
can be called moderately angular by another and thus there is

no basis of correct judgament.

One more thing about the side slope of a channel. Lane
considers that the stable channel will have a side slope as per
the angle of repose of material of which the bank 1s composed.
Experience in Indl a,0f many eninent channel experss like Kennedy,
Lindley end Lacey shows that a stabls channel assumes a seml
elliptical shgpe. The channels observed by Kennedy were reported
to be having practically vertical sides and horrizontal bottoms. |
Lacey has stated that natursl silt transporting channels have a
tendmey to assume a sanl _ellipt_igal shape with major axls hori.
gontal and with the ratio of major axis and sami minor axis

depends upon the nature of silt carried,being greater for €0 arsar

y
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material snd vice versa. At present the pprocedure of design in
a new canal system is that though the excavatlon or embsnkment
i1s done as per the slope to which the soll can stand yet the
calculation of discharge are done with the assumption of 1/2 to
1 side slope, It has been observed that the banks ultimate).y
assume app®¥ximately side slppe of JZ2'to 1, after they become
stable or attain what is known as the initial regime. This matter
should be considered by Lane.

e et .
In the concluding paragraphs/his paper Lane has stated

that the effect of bend 1s under study. No one has yet tgkem
notice of badds in studying channel shape. Kennedy has select8d
a few stralght reaches and so also Lindley. In practice it has
bean observed that there is a g;'_egt_scaur on the outer side of

a curve and silting on the inner side. Scour cen be reduced by
lowering the velocity of flowon curves which can be accomplished
by ssing 1ar;p: canal ‘aregs'but this mu_ld result in an incregsed
cost. It will often be ecoromical to allow scour to start and
then to stop 1t by protecting the banks at points of scour. The
author feels that some specisl sections should be provided at
bends with the consideration of a likely scour. Some method
~should be found to estimate the scour at bends depending upon

the curf@sture discharge and the magterial in which the canal is

to be constructed. The section should be such as to take cgre of
the proper velocity distribution on bends. Between the section

at bend and the section on the straigbt portion some smooth
transition should be provided so as to keep the scour to a mini-
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mum. This should be tried first on mall scale and seen its
possibility of applieation in practice.

| Lastely we have to consider the case of heavy sediment
flowing in a canal. This becomes a theoreticad problem of sedi-
ment transportation. Much work has beea done as we have seen in
Chapter III but more remains to be done which wuld give some
basis of design. We have to find out the yxwx laws which will
(ive conditions of flow such that the sediment iatroduced in
the canal at the upper end should be carried till the end of the
canal without sny deposition whatsoever at any place. At this
polnt we awe @19__ to appreciate the importance of the theoretical
studies of sediment transportation which might be needed to be
intpoduced in g rational design of stable channel,



S PE OF STABLE CHANNEL IN U VIU¥

The only investigator who has attempted ko a closer defi-
nition of the shgpe of the stable chapnels is Lacey. -‘He-says
that naturgl silt transporting channels have a tendency to assu-
me g semi-ellipitical section is eontimeé by sn inspection of
a large number of channals in fingl regime andb;ia examinatien ef
the cross section of dischargﬂe"silts‘wf rivers[\nll deﬁ.ned stra—

ight regches of known stabllity.

- In an article in the Central Eoard of Irrigation Journal
Lacey has tried to give some reasoning on his insistsnce of elli-
p*@ical ghape. He says that qur’ a g:@vm water surtacg and a given
are® the section of least work would be a semi ellipse. A number
of observations were made by him on actual csnals which had
attained certain stgbility, He called the ratio of mesn depth
to depth as the shape factor. Mea depth was calculated by him
by dividing the area by the bed width. This he did beceuse he
considered the slde slope to be of 1/2 to 1 inclination and
hence the channel approximated to a rectengalar section, The
shape factor observed by him varied frog 0.7 to 0.9, The reason
for varigtion was due to the silt distribution and size of
sediment particles. Ih the figure
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If Wis the width at water surfa,ce; D1is the depth and B the

bed width then Aoys Jeelr L
22 Dn/D wvhere Im = a/B

zZ= (1;_@).13.3/3.9
= (Y18
2 B

Let Y : WB

then z: ]}22 +],/3

grz.ﬂeaz‘;’; | o -
. 0 then Z';' 0.5 the shgpe is tiisagular

IfY=
" Y=1 ® 2=z} the shgpe 1s rectamgular

But for Z‘-' 0.7 %o 0.2 the shgpe works out to sani;elliptical
approximately. Thus we see that the values of shape factors
obtalned by Lacey on examining the regime canals give the shgpe
of omi;el_lipse, If the bed material is coarser the elliptical
section flagttens gnd 1f the bed mgterial is finer the section
becomes steeper. So Lacey concluded that stable channels would
be semi elliptical with the major exis horizntal sad the ratio
of major axls and the seml minor axis is greater or amaller
depehding upon the nature of silt carried. Lacey says that it

~

3

i

S

g? § should be possible to keep a horizontal bed and yet adopting
3,

a proper value of ¥ by varying slde slopes to obtiin a desired
value of Z, There 1s no need of adhereing to a particular side

slope as 1t day change with the chgnged vaglue of Z. If such a

cangl is eonsti'uctad there will be some scour on side tut no

scour on the bottom., After a couple of seasons the section should
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becomé stable.

L?:: in his paper on"8table Ghannels in Erodible Material®

ssys that investigations donot support Lacey's conclusions. A
conveniemt way of comparing channel cross sections is by mesns
of ratic wnich may be called the"fom factor" between the ares
of the chennel section upto the water surface and the area of
the enclo_sn}g {eetgng_le. For an ellipse this ratio muld be

-_'-‘_O.‘?Q,fe;' ‘& parabola Q.E?, for a triangle 0.5 and for
a rectangle 1t wuld be 1. A study of a large number of cross
sections of channels has disclosed ratios :._ren_o,sé to 0.92.
The stable chennels observed by Kmedg__are reportéd to have
practically vertical sides whereas those seen by Lacey were

sanl alliptical.

Pettls C.B. 1n the discussion on Lsne's paper mentioned
in the above paragrasph says that he had investigated the shgpe
of natural stable channel which would best comply with the kmown
hydraulic conditidns, The evidence indicated that the ecross seo-
tion sha11d be of parstolic shjpe where D varied as B, The value
of k was not less than 2 and not more than 3 and the value best

suited was 2,5, A semi elliptical shape was not an ideal shgpe foy
chennels. He derived many fomulae which have a striking restmb-
lance to those of Lacey's fomulae. He termed the ratio of R/D

as the form factor which for a parabollc section was 0.715.
ConsQQumtly R = 0,715 d. |

Pettls says that ideal sthble river cross section 1s a
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o« It 18 charactaerstic of rivers

e et 2.5
curve of type/D varies as B
that they are subjected to very vgrigble flows. No given cross
section can be theoretically perfeft for more than one value of
Q. Since there is certain range of stability such a channel will
be safe for a certain amount of overflow. If the overflows are
fpequent or high the original shape may be modified alightly to
meet thls condition., when the water falls below full bank stage,
such a chgnnel will remain within the limits of stabllity, For
flows at medium stages. At low stages thare will be a tendency
to silt along the sides,vhich may cause irregularity of flow
and which may be followed by some scouring. The 1deal stable
channel is one which wuld reamain stable for all ordinary eandi-

tions.

Just wbat shgpes are produced for stable channels by all
the variety of considerations have not“%om determined. The author
13 of opinion that the shape of stable chsnnel caanot be correct-
ly Wiﬁ a laboratory because similar conditions cannot be
reproduced on g model. For the study of the shgpe of alluvial
channels,all the preSmt stable channels should be inspected and
correct cross sections be found out at various places. Other data
of climatic conditions and geological conditions too should be
recorded. Cross sections on the curves alould be asscertained
more carefully and a series of %ns should be taken at amall-
er interval from the stralght reach upto the curved section and
then from the curved section upto the straight section. This will

indicate the type and pattern of changes,the section undergoes
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due to curvature, The author holds a strong view that the cross
- sections on the curves and bends should neither be rectangular
nor be trapizoldal but should have a section which takes inte
acoount the llkely scour on the curve. From the straight reach
to the curve a certain smooth transitional sections be provided
if scour 1§ to be awolded., He feels that an approximately semi-
allipticel section wilk be suitable in straight reaches and a
parabolic section shauld be best suited on bends,

The above discussicn takes into account the section after
a certgin regime or stability has been atfalned but when a new
exéavatioz_a is done this ser-;t of 1deal section cgnnot be adopted
because of many other difﬂeultips. A loose grsnnular material |
wuld neither stand on saml ellipticsl section nor on parabolie
section. It will have to be constrected with the angle of repose
in viev. Due to original compactness of earth,the sides can be
given a steeper slope but in embankment the slopes will never
stand steeper than the angle of repose. This brings in & rather
passimistic view that a definate shgpe cannot be obtained,

The problem of channel shgpe should be attempted with the
new backgreund of soil mechanlcs. Most stable slopes to which an
earth composing of different sizes of material can stand,be ana-
lysed in a soils laboratory. Then the porésity of such a mixture
of s3il and permeability can be known and with gll the above
soll consierations the shgpe problem should be attacked. As far
as the water is concerned the guthor feecls that its surface ten-

sion,capillarity and adhesion might also be playing a part in
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the determination of the section. So the problem should be
studied separately in the laboratory on the soll mechanics |
consideration and in the field by observing the existing stable
channels both the stralght and curved reaches.

L]

L Ll L Ll Ll
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COMP ARATIVE STULY OF THE DIFFERENT METHODS OF CHANNEL DESIGN

In the previous chgpters we have seen the different method:
of channel designs and have discussed the me2its asnd demerits
of each method, Hére it 1s proposed to take up one numerical
example which will be solved by different methods so that it
will be easy to compare one with the other,

Suppose we have to construct a channel for a discharge
of 900 cusecs. The section has to be traplzoidal with side sdopes
/2t 1 as usually assumed and let the grade of material be such

as to have a regosity coefficient of N 2 0.0225 agnd a silt face
tor £ S 1.

In Kennedy's method,we have to assume certsin dimensions
of chagnnel and then see whether it can pass the required dis-
charge with CVR near about unity, In this case let us g ssume

a bed width of 73' and depth of &' with a dongitudinal slope
of 1/5684,

A =(B+5DYD = 3775 sft

P = B+224p = 8418 ft
R = A _ 378 L
P 84.\@ MR

PTa,
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From the Kutter!s formulg the value of C wrks out to 85,66
with the valoe of N S 0,0225, R= 4,48 and 8 = 1/8684,

V o= ¢ JrRS

= 564 ‘/4.43 x V5484

= 9.~4—‘/,S¢<.-

QR = AV = Q0L Cusecs

So the section having a bed width of 73' and a water depth of

5' will be able to pass the required discharge. For this depth
the Kennedy's pritical veloclity will be
.‘4
Yo =0'84D

g, = 2 35/ 5ec

C‘V‘Q § /Vo - . _1-*4/9_.35-,_ = |'0%x .
This shows that the C.V.R.is near about unity and hence the
section could be safely adopted.

 Hence the values of the channed dimensions as per Kennedy's
method are

B = 7%
D = 5§
vV = 14-'/50—

In Lacey's method it is Jjust sufficient to know the dis-

charge and the silt factor by which all eother elements can be
calculated.

' P=2467/Q = 80



87/ calolalion we gk D =513 awd 5—.-68-5‘ 87

3%
"o gl = 000017 o /s4g0

%, ~
V = 07937 Q §= 2.4y /s
ol herwise odso V= C;’/A = vl.‘ 4‘7/5&L.

Hence by Lacey's method for the same data we get the following

values E) - 68'5"

D - §&:-13°

This example can be very easily and quickly solved by Lacey's

diagrams which are very commonly ssed for the designing of che-

nneds.

g mt.

For solving the atove problem by critieal tractive force,
one diagrem which gives a cri'c:icallibtractive force for a parti-
cular dismeter of plartilc.i;]'.es, will have to be used, The other
diagrems of Lane mentioned in chapter V csnnot be used because
the values of tractive force for the particles size snd side
slopes of tha present problem are not showa therein.

Y

\ Now let us assume a slope df 1/5684 and a silt factor
equal to 1 which will give the particle diameter as 0.323 m.n,
f = 17¢ VA
o B f’lmz.ﬂjflz)z.— = ©'323 mm
From the diagra@at):hq critical tractive force for a particle
slze of 0,323 m.m, is given as 0.055 lbs/sq' « AS the tractive

force 1s equal to wiS,we have



. 0955 x 5684 . 88
R €2 A % | = 5ol

Velocity by the Manning's formula 1is

v = h4§§‘8 R
= 256 /s~
A = By = 352 sft
P = A = 7o
Thew (R+:5D) D = 352.} i
B +2.24D = 701

Solv;nj The Qbo¢t .Q.qvuo\—{;ov\.s W€ b\,c«ve...

D = 575 and B =58 .
These values give an area of 354 sft and with a velocity of

2.56'/sec a discharge of 900 cusecs ean be easily passed though
the section,

Hm9_§ the values of channel elaments as per critical
tractive force method are |

R = 58
D = 5-75
| —_— Y = 2 S'é‘/.s«.g_, . ‘_‘__’_‘%’&"_ rls
Binstein's Method, ' |

/

In this method there are many elaments to be determined
or assuned to be used in the expression

9 . [’C ]3
VaGoy FoS Lo

\N(r\w-e.

F

-
—

. e > ) 36 VL
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For 8s equal to 2.64 and kinematic viscosity of water as 0.01
aad/sec.,the values of F wrk out to 0.81 which can be safely
used for pxxzkkzx particle digmeter of 32 1 to 10 m.m. From the
previous equation we have
q. = 4o F/a T°
$

.y 5
NB SS Cs"\Dl d
—S—or F = O‘%\) w = "Lq‘. Ib/q_\_} ?._._ "51.2:/;,,,,/‘_«_ aed S‘ = 2\(5“
on r( = W RS = wDS ‘Gb" W et Shallow §Tr eomg

we ool 3 3
I, DS (o fbe w

349000 DIS/QUS (h cgr. W)
< IS, 4 .
ARV Ds,gc),\w«jm (1 = \/N .y SO‘; k\;v <94 “ )
. - ‘S- \ P Fog
o = 'EE DTS (n fhs WD)

33 A8
And qu = \0oY0 DOL“'BS Q\\w ‘SJ?.S U/MJ-Q'D

which expresses the rgte of sediment transported in terms of

il

o6 000

2 s

H

depth, slope snd mesn digmeter of sediment. For practical appli-
cation of the formmula in design of qhaanels,tha surface width
is first chosen ardritrarily. Then with kncwn values of q and
qgs and 4 the two unknowns D and S can be determined from equa-
tiens A snd B, Different sets of D and § will suit different
values of B from which the most appropriate one can be chosen
with a view of topographic limitations of slope,minimum exca=-

vation ete.

Let us assume a width of 60' agnd g bed load volume of
00025%.
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Q, e \S  ths.
Y = I5xo0ry

-3
- O e bs
— = J75 xv0 J‘..

N

S I

I . |
SuJos‘u t*f\;\. lbcc _Va\bﬂn Ou'\at At%ﬁa-ﬁy?j(v‘j li«; bx(:w 255\t

we gor Dz 55 /s

N pw NV = \4 % D‘{B S‘,&
N
wc-&:)’ eV = 7_\70/54,:_
A =(B+o5D)D
' = 344 sl

Q = 344 »x2-7
NS s,

Y
-

Y

As the values assumed for iixm B give a satisfaclory discharge
this ¢can be safely assumed for the ckannel, Hence by Einstein's
method the different dimensions of chgnnal are as undar:-

B = &o°
D = 535
AV - 9_\7‘/50.9

The above example worked out by different methods givex
a comparative plcture of all these methods.

LR L Lk ol 1d
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RECOMMER DATIONS AND C(ONCLUSIONS

The science of stable channel design has been developing
over a long period. The most extensive and ploneer work was done
in Indla, where extensive irrigation systems are located. Since
the past two decades the wrk on stable channel studies has
renained rather standstill in Indig,though other countries like
United States are going ghead. The Beason of this stagnation
seans to be that the people of India are slightly tradition-
minded and the methods of Kennedy and Lacey are being used for
irrigation systems though in some places these methods are show-
ing ebsured results, The other resson of stagnation in this
direction seams to be the introduction of lined channels which
are extensively being built on almost all modern irrigation
systams. The lined channels are nelther silting nor scouring
becguse higher welocities can be allowed to see that silting
does not take place and deposition never oeccurs, Scouring is
out of question on a good 1in1n¢ materigl. But it should not
be forgotten that lining of channels is prohibitively costely,
which necessitates the construction of unlined channels, India
has to build very large 1rrig_atien systems in the coming years
and hence the irrigation engineers,both in the fleld and in the
research laboratories should take up the problam of designing
sthble'channels in all sericusmess,

The wrk of stable clignnels should start in tw different
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d:lrections' simulteneously. In the research laboratory basic
research should be taken up to find out the laws of sediment
transportgtion. Uptil nowno work in this direction has been
done in our country. So keeping in mind the work done in other
couniries,research engineers should begin their experiments
on the soil samples aveilable in ou:.count.ry, Wrk has been
done on material of unifomm grade snd size to find out the laws
of bed load movement, The author is of the opinion that the
samples should be such as are avallable in nature so that they

will give a correct picture of actugl movement.

- On the other hand,all the present channels which have -
assumed a certain stability due to age,should be surveyed snd
seen whether they could give any clue to this problem. Data
of all the éssmtials should be collected afresh uﬂ(‘i‘.rilka
Lacey to find the chapnel behaviour, The dats shaxrld include
the bed width, depth, sl_bpe, discharge, cross sections on straight
ahd curved regchas, sediment characterstics such as grade and
charge, geolégical conditions and temparature variations etc.
Un-dlsterbed samples of soll should be teken from the solls
where these stgble channels are existing to see the permegbilie.
ty, compaction and othdr soll properties.

The author wishes to suggest the following laboratory
experiments to he carri@d out which will add to the knowledge
on the subject to s conslderable degreey He feels that experi-

mnents carried out under controlled conditions in the laborge



23

tories are bound to give more useful informagtion.

Experiment ¥or Criticsl Trapctive Force,

A series of experiments are required to be carried out
for the determination of critigal tractimge force or the velocity
at vhich the movement of bed materisl starts. Bed material should
be skeved anrd properly graded from very fine silt upto as large
a size of sand as can possibly be experimented upon in the labo-
ratory flume. Bach grade of material should be tested for its
critical tractive force. The arrangement in the testing flume
should be as showa on page 94. Measured quantity of water should
be let into the flume which should pass through stilling axrm{e-
ment and over the platform before it meets the bed materigl ihat
is being experimented. The level of water can be controlled by
megns of a flap gate towards the and of the flume, Before# the
water goes out of the flume through the exist it will drop all
the material carried by it in the sedinent chemper, The sediment
chenber should be such thﬁt it could be tgken out whenever
wanted for megsuring the quantity of sediment. The veloclity of
water can be controlled by the movement of the flap gate or
by increasing or decreasing the discharge which is measured
on the notth before hand. Tw sets of readings of velocity,

Al scharge and sediment loads be taken for each grade of mater-
ial. Firstly vwhen the wukex movement of bed material just starts
with the velocity Increasing and secondly when the movement of
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bed magterigl Just stops with the velocity decreasing.

~ bhide the experiment is going on a few additional obser-
vations should also be tsken which will be of great help. They
are the measurement of the quantity of bed load and sediment
load movament. Just at the bed all the material which 1is in
motlon,is moving as bed load. At points above the bed the quanti.
ty in suspension goes ob increasing as the depth of the point of
observation incresess. But beyond a certain depth the quantity
in suspension again falls. It would be worth-while investigating
the cjumtity of material carried in suspension at various depths
starting from as mear the surface of water and going down as
nesr the bottom as possible, There are various methods of measur-
ing the suspanded load. One simple method is to sypbon out samp-
les at warious depths end to megsure the percentage of solids
presat in each sagmple. Another method is by passing a beam of
light through different depths of moving water carrying sus-
pended doad and corelaking the intensity of 1light of the bean
at different depths with that through the plain water not carry-
ing any sediment, The intensity of light cen be determined by
a photo-meter or by a phata;electric cell, The differencigticon
of bed load and suspended load can be done in much bettér way
by this method. The third method could be of using a sediment

sampler,

Determination of the angle of repose for different soils
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1s another importent thing in stable chennel studies. The engle
of repose for soils which are completely sutmerged in water
should be found for dbfferent sizes of solls and different mix-
tures of aoiis that sre likely to cccur in nature. Lene has
carried out certain experimenis on the sngle of reposs tut they
domnot cover all the required sizes and combinatlons of size.
In a laboratory,the megsurement of angle of repose should not
be very difficuit,

The guthor feels that the work done by Lane at the
U;S.Btzreau of Reclamgtion on stable chennels 1s of great signi-
fimance although it has a few draw;-backs wiich have been dealt
fully while discussing the Lgne's method of channel design. The
diagrams given by Lane donot cover the range of Indign conditions
and hence work in that direction will reglly be promising. The
studies should include~ | | ‘

|
|

1, The critical tractive force for different materials
and different mixtures of materigl available in natures
2., The angle of repose under water,for different mafer-
ials and different mixtures of material.
3. Velocity and sheear force disiribution in the channels
| in the straight as well as In the curved reaches., The
effect of curvatures in channels on veloeity distri-
bution is very important and has not been studied up-
tid now.
4, The effect of boundry layer on the bed load movement,
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5. Study of scour resistance of clay solls snd its re-
lation to the properties of clay involved in structurgl
- stabllity, | |
6. The effect of seepage on tractive force both on slide
~ slopes and bed, o |
7. Tje shape of chennel in different types of soils.

The author feels that 1f study on the above points is

made someé wniversal solution of stable chgnnels csn be found out,

 The author hgs tried to compile -an up-to-date information
on the studles of stable chaunel design and has tried to suggest
future line o:lggtion in obtalning a perfect solution to the pr;)v'
blex. He is confident that this thesis should serve to guide
farther regearch.

-.-.- o
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