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BSYNOPSIS

Dooipn of cedimenteladon channels hap baffled irri=
gation ongincers from time imnCmorial, Gonorally, whon g
sodinontebearing eonal in alluvium 19 run stoadily vith
o dofinito dicchurge, it tonds to adjust ito width, depth
and olopafo. cquilibrium valuso irroopoctive of thoir ord~
ginally conotructod valuos. Tho subjoct was otudicd by
difforont irrigation ongineers and rosoarch vorkerso in
Indie from particularly about 1890, and onwardo, notably by
Kennedy, Lindloy, Lacoy, Inglis and Blonch.

Semo attomptc havo beon nado by Lane, Ning Chion,
Simons oand Albortton, Loopold snd Maddock ete in other
countrisa,

In this digcortation an offort hag boon mado to
rovioy difforont mothods given by variaué invostigators. All
ovallgble oxioting rogimo thooried as mentlonocd above aro
dooeribod and o gonoral roviow of the rationcl approach
18 nleo givon. '

An ottempt has boon made to anolyoe tho vardouo
roginc thoorios in light of available knovlodgo of flold
and laboratory datn ac woll ad retional approcch. At tho
ond como comcluosiond bovo boon montioned and a ouitablo

dociga cothad 40 rocommondod.



HOMERCLATURE

The following oymbols have been ured all through this diosope
tation . Others have becn oxplainod dn tho placo whoro they

are uged,

8ynbol Dageriptiono Dimenciongs
A Arca of croos goction 12

B Pod width L

c Chooy' o coofficiont 1V 291
C Coaefficiet 4n rooistcneo oquation vacaﬁér L1/3T°1
D Dopth of wator L

D, Mean dopth L

4 Grain dlegmotor | L

E Lacoyts shoelr factor R

B Comploto ¢lliptic integral of decond kind -

0 Lacoyto corroction factoy -

Fy Bed Foctop 178
F, Proudc numbor Le"2
¥, 81do Foctor 125°2
f Lacoyt s factop L33
2 Moan oilt fgetor "

s 811t factoy "

£vs 511¢ Factor n

G, Ruto of codimont Transport ™3
g Aecolorction dud to graovity ﬁﬁ?a
& Ra%e of Codimont trangport por unit width  MT S

I Inglic numbop ©
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ne

Hoight of ripplo L
Bquivalont sand roughnoos L

Sodinont concontration

Abgeluto coofficiont of rupocity Lf1/hT
Actunl voriting vaiuwo of lanning Rosiotence >
coofficiont for tho charmel ao a vholo L ’3T
Monndng's roughness coofficiont with

regpoc=t to grain sico of bdod matorial : W
(8trichlort & oquation)

Hanndngto coofficiont for oidoo wall L
Hottad porimoter of ¢hannel croso seotion L
Hater diochargo Larﬁﬁ
Banltefull diochorgo "
Watop dldcharge por unit vidth 1.2¢"1

Sodimont diocharge/wnit vidth (Bod load)
Sodimont dio.hargo/umit width (total oediment)
Hydrouliec moan dopth oy hydraulic radiues L
Hydraullic nean dopth of grain wroniotunco L
HBydroulic monn dopth of aos~ocintod with bod L
Hydrculic moan dopth adcociatod with cideo L
Particlo Renold Humb9r j§§75v

Ronodl [lunbor

Longitudingl olopo of channol

Cocedfic provity of colid particles

Slopo por thouoand

Moan velocity 1773
Fall £olocity | "



v,U,  Sheaw velocity (gn8) | ok

H. Water surface width L
W Average width - ,L. L]
Y' Unit whight of solid HML"2 T
v, nit veight of water — ﬁ -
¥, Unit weight of flutd T
ML T
¥ Bhoar atress at the bed Ay —
e Cr.tical shear stress {at threshold motion)
-3
p Ma8o density ML
T . — -
v Fluid kinematic viscosity L

If Units aro not mentioned 41t should be considaered in fps
wmits.,



CHAPTER «J
INTRODUCTION

1.1 GTIERAL
Irripntion 16 ono of tho oldest arto of civilization,

Historically, civilication hao follovwed tho developmont of

irrigntion. Civilizations huvo riocon on irrigated lends,

Thoy have also diointoyrated in irrigatod rogions.

twvon thoush the origin of irrigotion 18 lost in
the hazo of unrocordsd history of antiquity, it is woll
documentod throughout tho writton bistory of nankind, that
first uso of irripgation as an ald to agriculturc was pro=
bably made about tho seme timo as man changed his nomadic
exlotence and fashioned hinsslf to a social way of life
vith cettlonont in tho lush river valley [1] .

Tho 114lo River wator hao been used in drrigation
of lando in Northorn Cpypt for 5,000 ycors, by tho First
Pharoh of the Iirat Dynaoty, King llones (Circa)to onrich
his Kingdon uvith 1to zich cultivatable ooil . Tho first
vorldto old.ot dam, 108 m long «nd 12 n high was built 4n

Boypt 27 .

In China, whoro roclomation was bogun moro than
4000 y .u.0 uj 0y tho success of thoir oarly king 0 wco mope
curayd Ly thoir visdom and progress in vator~ control actd-
vitloos. 7Tho funouo TueKiang Dany 0till a Succosoful dan



today, was built by a mun namod Iir. Li and bis son in
the Chin«Dynasty (200 4.C.) and provides irrigation
vater for about 2,00,000 hectareo of rice fioeld.,

The chart of the Amu Darys; (a river between
Afghonistan and USSR) dolta ooil irrigatod in tho 6th

and Lth conturies B.C. prepared undor the suporvioion
of Tolotov , showod thut ovon 2,500 years ago o vory
large erca wad covered by irrigation system in this

region,

India claime to be the craddle of irrigation
proctice and dovolopment. Numerous references to dama,
cangls , wells and tanks oxist in the Vedas (very old
scripture), tho ocarlicst sacrod books of the Aryans.
There arc rotervoirs in tho South of India (Srilanka)
more than 2000 yoars old. Yritings of 300 BC indicate
that vhole country wvas under irrigation and very proge
perous bocauso of tho double crops vhich tho peoplo

woro able to reap cach your.

Tho Oponiards on their entrinco into loxico
end Peru found claborate provigions for otoring and
convoying wator suppliocs vhich had been usoed for
ooy conerntions,  Entensive Arrdpntion works olso
oexioted at that time in tho Southuostern United Statos.
Tho vurly Opunish misoioncries brought knowledgoe of
irrigution frou thoir liaditorrancan homes. |



3

It 18 unfbrtunate that in most cases the
founder fathers had not rocorded tholr cxporiencos or
that if thoy did, the ravage of time have destroyed
all the records. However, history 18 roplcte with
reforaoncos to the paractico of irrigation from wells,
tanks and cunals.

1.2 IRAIGATION 48 A SCIMIC.

The proescnt history of sclence of irrigation
doo0 not trace itgelf to mowe than two or three conturies

back. Vestiges, rocords and ruins of irrigation vorks oxig-
ting in differont parts of the world, bear testimony to

the fact that irripgation, both as a sclence and avt, has
boen practiscd in govoral countrieé. This indicatesn that
,our'anceatnrn vore instinctively conversent with atleast
the cmpirical lawe of hydreulics.,

In erid and somi=orid rogiona of the world,
irripgationvas an age old art, but later, 4t become a
sclience. Tha science now coverd not only the scionti=
fic application of water artificlolly to the soil to
mako up the deficioncy of moioture under conditions
necossary for plant grovwth, but alco the inveotigow
tiono, plannin; (oingle-purposs, multi=purpodo, basinvigo
or rciional), designy conotruction , mainten:nce wnd
opor. tion of otructures and channels for convuyanco of
vator from thoe egourco to the point of application
and all reluted probloms (including ongincoring,
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agrononical, econonical, financial and social) und
rescarches appurtaining thercto, to cnsurc permcnent

agriculture.

Optinmum oconomical and efficient designs of
canuls'and hydraulic structurocs have becn doveloped
through a continuous process, first through individuanl
intuitive rhunchos' and efforts of great irrigation

engineers and lator by orgrnised syston tie research.

Early cancls were excavatod in oorth whon little
was known about the theory of movement £ sediment. Thoro
are numerous instuncoes, illustrating how shortly after their
opening, tho ccnals were silted up bodly (v.gey the canals
in Egypt and India) which were built in 19th century ond
necossitated rogarding or preovision of silt=-oxclusion

dovices at tho hoad works.

The evaluution of canel design from the Kennedy
Theory (1895) to tho relutive modérn concepts of ecuwpiri=-
cal regime theory (Lacey, Inglis Blench, Eose, Ning Chien
and Simons etc.) or the morye rationul Tructive Force
Theory (Lane and others) provides en ineers with

pructical tools for thoe rational design of channels.

1.3 DBVELOF."'T OI' diGIii:" THLOJZY

Since irrigation in India hus beon practised
from pre~historic ticos ond appcars to havo bsen an

open field luboratory for analysing the data which the
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various pioneers of rogime theory were collecting. These
ploneors ave : Kennedy, Lindley, Lacey, Inglis, Bose and
Blench ete [ 3] .

These authors have compiled the data of canals
in the indo~Gangetic plain for the purpose from all
available sources. This is becauss , the largest unlined
canal systems in alluvium in the world were located in
India and Pakistan and almost all pionecring works in dest~
gn of stable channels were carried out on these syatems.
1.4 DESIGN OF STABLE CHANNELS

The destgn of atadla channel requires the applis
cation of entire knowledge about river, canal, hydrau=
lics, sedinent transport ete. The problem appears even
mors complex, due to large number of variablaes which effect
the ntuaﬂon and sediment load that such channel® generally
CArry.

The problem is not mo easy to be solved by a
single equation of Chezy of Manning type, am originally
was und, The preasnt knowledge of hydraulics can provide
only two equations, namely continuity equation and flow
or resistance equation

.Q = AV and V = £ (N,R,8).

A3 18 usual, Q and N may be known. Thus determination of



6

Aond R lcavos V znd & a0 0till to bo Aocided, Hoaco two
norc conditions st bo iuposcd or tuo Doxro oguations
writton doua beforo tho chonnol dimonslond can b2 ¢alcula~

tod out for tho given shopo of eroso=scetion.

Tho olluviun in wvhich ¢ho channcls gonerclly flov
138 roro or loso orodiblo and tho chonnol scetion ray thus
bo conoidorad filuoziblo r: thor thon rigid « Tho ala of
desipnor in rospocet of Such chonnels 19 €0 obtuin -
physical otability, o balenco betwcon'ailting and seouring
and Gyneaical oquilibrium 4n the forcos onorating and
oaintaining channcl erosogcetion and _radiont. Thoreforo
it 15 ncecosoary to otudy an aporoach vhich st bo based
on known leus of mation tieo and principles of hydraulics
by vhich on onalysio con bo nodo, Of tho intorrolation f
tho foreoo aeting on the g-olid particlos during the flowu
of vater.

o h:voe tuo ovnronchsd of donipn for otoblo

chennolss ‘
(1) mpiricsl spnronch and (2) otionol Approach.

Oinco tho rotional cpproceh 49 b o2d on goo theorico uhich
aro 8t1ll incsiol:t2 (nd canmnot be urdvorsally veceopicd,

Coud .8g4:t neo £ro. ocopiricisn 40 n coo.ary. This roguiroeo
the dosig of 00 Ble clonmeds to Lo oatudicd in tue light of

both tho cppronchos,



CHAPTGOR II

ENPIRICAL APPROACH

2.1 GEilLAL

Tho solution of tho problem of stublo channel
dooign vith soedioent ladon wnd cn orodible s:oction 4o
vory difficult theorotically. Irrl, .tion ongincors noticed
thut vhil. cono of ¢ho chuanncls oilted badly, others on
the sono conadition opr sy.ton attained stebility. Thoy
rightly concluded thnt g particular croass-section and
olopce provido stobility. Atteopte have bo:n unde by irrigo~
tion cﬁgxneera in Indio, Lgypt and souo othor countrios
to detorainu capirical corrolotions for such channola.Those
rolationshipo hive based upon tho results of long oxporice |

nce of irrightion enginoero or tho oxparincnto of rossarch

voriiors,

Tho dorivation of thoo: foraulco aro not buoed
upon o rationul or unthouuticnl unulyois utill they are
usod extonsivoly in stublo channol dosipgn.

2 " 1146102 u alY (n]DI J).

seeording €O Laeoy, ro ine flov in cilt. transe
pootio, corinde coooento? 4n Cdduwin) acqne physice
ot billty, ¢ bulinco botuoon oillting and ocourin’y, ond

o Qyaonde equadlibrivy in tho foreoso gcndraﬁin; ( na nodn=
gradient
'cindng chariol croog=scction cnda r\a]. Tho thoory 16
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largely empirical but recognizes that width, depth and
slope of tho channels are vairables. The fundamental
basis of ,this concept 18 thut 3 a channel conotructed

in alluvial Soils with crodible boundarios, if allowed
to flow unprestricted vill forms its own dimensions to
carry a glven discharge ond sediment load at state of
final equilibrium. The theory was first devaloped in
India and Pakistan vhera vast notwork bf canals provided.
The opportunity for forrmlation of regime equations. The
canals drav water dircctly from large rivers and in flood
season carry Sediment consisting of 8ilt und fine and
median sand, the load generally not excecding 2,000 ppme
Unless the. dimensions and slope of o channel are congte
rﬁcted to regine reguireménts, the geoometry will suffer
grudual change and performence vill deteriorato. Inadequate
slope leads to siltation und loss of discharge copacity
~and excessive slope to scour i1 ongering structures.
Inadequate vidth 1lcuds to bunk scour, efeessive to

meandering.

After rogiooe thoory wus dorived from date of
Indian conuls, ncny weasurements of cancl ané river
dimensions havo been made in different parts of the world
by vurious authors. /fmong th2:80 are Pottis (Florida,
U.S.s), Leopold, Moddock (kostern U.5.A.) @imons cnd
Honderson (U.S.A.} und Norshal Iixon (U.K). ilost of thesc

found thut there 4s a significant corclcetion between cach
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channel, dimension and equilibrium discharge, end index
of the discharge 1s very nearly the same asg glven by
the formulae derived from Indian canals. The beginning
of the rogime theory waos made by R.G. Kennedy in 4855,

2+3 KENNEDY's THEORY

R.G» Kennedy (5] published his classio empiris
cal sguation on the concept that the silt wns maintained
in suspension by vertical #ddies of water rising against
the bed. His general idea was that the mean speed of
flow, when a channel had settled down to what 1t had
chosen for itself, vas o function of depth. Thus large
depth would require strong eddies, and henco faster
velocity., Kemnedyts formula 18 most conveniently be
written as,

V_Q » clg o Qin(at'”
where vV, ™= Non silting and non scouring velocity

D = Vertical depth measured on the approximately
horisontal silitad bed for a channel very
closely in shape as trapezoidal section

C and y were thought to be constant originally
and wers assigned values of 0.84 (in fpa units) and 0.64
respectively.

To teat his theory Kennedy plotted the data
~ from channels of the Upper Bari Doad canal System which

-
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had not fequired any silt clearance for last 30 years

and vere thus considored stable. He noticed that for every
discharge, there existed o velocity in canal at which
thero is neither silting nor scouring, wvhich he termod
teritical velocity'. Kennedy recognised that grade of
8ilt played a part in his relutionship, and introduced
another fagtor in oquution, called by him "The critical
velocity ration or CVR. and givon the symbol 'm¢,

Critical velocity for canal of difforent silt grado

C/YR=n=e= :
Critical volocity for Bard Doab canals

He rogarded thoe sandy silt of the upper bari Doad canals
standard, the couofficient (m) for th:it cana being unity.

. The equution thon was written as

V= 0-810- m DO.GIO ‘ ow-(2¢2)
vhere v
! M = - = CQVDR!
VO

In metric units,

v = 0,55 mp®+6% s o (2.2m)
For 8ilt of Dord Donb canal systemm= 1
For finer silt o < 1 (m = 0.80 = 0,90)
Tor cowrgor oilt m>1 (m= 1,1 = 1.20)

Kennedy code no correlotion botuocon tho wotor surface
slopc of rogime channols und the uean velocity, or the

vortical depth. He gssigned alopes to his regimo channcl
by employing tho g.uttoer equation, :
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The difficulty in this formula is assigning correct

value of rugosity coefficicnt (n). When Kennedy publi~-

shed his cquation thore was a general opinion that a
channel of moderate size transporting typical Hoxrthern
Indian sand, if in regime, or very pgood condition worked

to a value of 'n', approximately 0.0225. Therc was however,
the difficulty thgt, without regérd to thc material in
which tho chagnnel was excavated or the typo of silt
transported, there appeared to bd a recl gnd measurable
variation in the vulue of tnt with tho channel. Thus
Kennedy hinself [ 6] suggeosted in 1904 that the value

of 0.0225 for tn' botter suited to small canals end

a ﬁalue of 0.0200 wus appropriute for large canals,

In Egypt [6] ulso where the silt is finer, a vulue of
0.0200 was rec umended for ordinary use, and 0.0170

for lurge canals. Garrett in his diagrams assigned a value
of 0.022% vnd 0.0200 for moderate and large canals

' respec tively.

The condition of earthen channsls wus nlso very
ioportant in culculation of slope and assign.ent of
Kutter's nt, Thus Buckley [6] gave this recormendation

Table 2.1
Conditions of Channel n
Above uveruge (very [ood) 0.0225
Tolerablp good (good) | 0.0250
Below average (Indifferent) - 0.0275
Bad {poor) 0.030
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Therefore it 8. ould bo realized thut the vilue of ' varios

both with scalo and channel condition. Konnedy made no
gttonpt to rolato tho rugosity cocfficient 'my with critical

volocity ratio 'm' as a mossure of 8ilt grade.

Ronnddy also concluded that tho oddies rise due
to friction force against flowing water fron bed and work
up u_oinot the deptﬁ of the channél. Tho sedimont 18 kept
in susponsion golely by vertical conpononts of the eddics,
Fron the sides also, some such eddico may stutt, but most of
such cddieo are horizontal, have no power for supporting
silt in suspenoion. Thorefere kennedy considered that
sediment supporting pover of a strecm dopends upon the
width of the stream and not on the total wetted perimoter,

llow Konnedy's V=D relationghip provides an
additiomlcondition for designing the regime channels. But
the main dofect of Kennedy's equation is th:t, vo can
dasipgn different chunnels by varying slopo satliofying both
Kuttor's and Kennody's oquations. Konnody oquetion provides

no clucs a8 to vhich of thes. channels would be bost.,
Certuainly sone hints arc nccossary to choosc the mogt

oulit.blo ona. The nocessity of doing g0 was recognised by
Konnedy himsolf and bas recomaondod some rough working
rules for tho retio of B/D (bod=width to dopth ratio) at
lator dato in 1904, Tho bod width=dopth rutios woro fizoed
in diffoeront ot.tes by exporioncc. In Punjad tho ratio

vas subsoguontly extendod by fr. ticods {7] . The main

point to bo conoiderod in this rule 1is that B/D rotio
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increases vith diocharge . A8 depth approaches to 3.9 £t

ingtecd of increasing in an orderly manner increascs without
limit. HMr, Kennedy cons~idored that a velocity in
excoss of 3,50 fps wvould scour the banks of canal irrespece

tive of dischoarge. Honce
- 0;6‘4’
3.5 77

D, = el
In U.P.(Indlc) the following cmpirical rules were genorally
followed [87.

For channcl upto 1% cumocs (in metric units)
D= 0.55 [B for slopo of 1/9,400
D =0.52 [B for a slopo of 1/8,250
D = 0.47 fﬁ‘ for a slopo of 176,600 to /4,400
For the channels of 14 cumecs and over the folloving doptha

vere considored satisfactory.

0 {(cumecs) P (moters)

m | 1.68

28 ~ 1.83

35 2011* i
70 : 228

140 2459 t
280 2.90 to 3,05 ﬁ

For vory S.all ch.nnold upto 1.k cumeco(50 cusces) thic
gu.tivad .3 o ucod D = 2.3! N
vhore D 12 4in notrca «nd ~ 18 in cumocd, Kennady tried fto

vork out thu 8ilt trungporting capacity of o chennol on tho
agssumption that the side wuro vertical and totul quontity



%

of silt transported depends dircctly on B and some power
of eritical velocity V . Hence the quantity of silt trans-
ported, Q, 18 proportional to BVE s Vvherse n is the unknown

index. Let P Dpe tho percentage of silt in water and O the
aisch.rge of the channcl. Then the amount of silt carried

Q, = p+B D. V"  (epproximate) , A = B.D.
Assuming the silt carried to bo proportional to nth power of V

n

v, = G/oTt (pTT

But for tho Punjab canal V, = e’ = cpP ot

1. =1 o.64
Hencey (P/K) N1 = C = 0.8 , and D 2D

, 1

» » *‘
n-1 .

or = 2.56  or about 2.5 , or 5/@.

= 0.6"&

Hence the quuntity of silt tronsported is

Q, = Kpvy/R veal2e3)
K = constunt of proportionality the v@lue of wvhich was not
further investigetod by Kennedy. From this squution X the
amount of silt carrizd at velocity V other than Vo can be cale-

. 2
ulated as kv/2  nile P = KVSJ
}5/2

1}

0

rﬁ

X
S 2 =P ( v ves(2e38)
o
\'hon the moun veloclity of u channel exceeds the critical
velocity (V )‘Vo) y the silt carrying cupacity will be more
than the bed can ros8ist und scour will occur. The amount
of scourocd willA be X =P or |

X= P = P [_(V/vo) 5/2 — 1J i §'0(203b)
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But if V 15 less than V_, deposit will occur . Amount of

dO’pOBiﬁ = P = P [1 - (%...)5/2]
o

After Kennedy published his cquation, many reglonal

formulac woro dorived. Some of those ure glven below
{(for fps units)

Values Values of Descriptions.

of C Ty

0 .84 0.64 Konnedyy; India, Upper Bari Doab Canal,
gand silt.

0.91 0.57 Stawell, Burmg, Shwcho Canal for *fine sandt

. 0467 0.55 iadrasy India, Godavari Delta (Wostorn),

tfino 8 114,

093 - 0452 iindras, Krishna VWestern Delta

0.95 0.57 Lindley, Indicy Lower Chenab Canal
sStandard sgndn

0.39 0.73 Ghalob, Egypt, Oolocted dnta, Egyptian
canalo" IFino Siltf'

0.39 0.67 liolesworth and Yerdunias,Egypt (Uppor)

0 ol¢‘75 0 067 adfow (10'&’03’)

0.9% 0.59 6rigfith end Bottomloy.

Wo ean conclude that 41f wao want to make uso of
Renne@y typo ocquation in differ.nt canal systoms both tho cone
ptant ond ezponont should bo changod.

In 1913, Copt. A. Fo.F.Garrott proparod a diagron
vhich providea a graphical éolution of Konnody's und Kuttor'o
oqu,tio:y vhich 18 a vory handy tool for dosign purposo [9].
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2.4 LINDLEY'S FOUATION

It was Lindley vho in 1919 introduced tho vidth
of a channel a8 a regime variadle, and thus nade a valuable
advance in reginme theory. By a@vancemont engincoring
opinion bad arrived at bas-i¢ foct that unknown variables
of regiéo channels required four equutions for couplete
dosign of ultinmate canal, velocity, broadth, dopth and

slopes

Lindloy stated # whon an ortificial channol 185 uged
to convey silty water, bLoth bed and banks scour or fill,
changing depth, gradiont, and vidth until a otute 6f balance
is attéined ut vhich the channel 18 said to be in rogime,
Thes> regimo dimensions depend on discharge, quantity and
nature of bed and berm~silt, and rugesity of silted soction,
rugodity 1s also affected by velocity, which determinos the
size of wavelet into wbich the silted bed is thrownt [10],

The statement c¢learly rocognisos tho influcnco of
the quantity togethor with ths nature of 8ilt and ripplos,
Unfortunately those two fictors wero not given their propor
veight for considerablo time aftorwvards.

Lindlcy colloctcd data from 786 obsorvations, covore
ing ovor &350 im of cannlo, Tho gcetions golected by him
vore only rogular and otroight roachos. Ho did not attcmp£
to ooloct the stoble roachos. Bocpuse tho purpose of hio

invostigation 4n his own words wad analysod to Soo to what
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the average would lcad. Tho collectloh of dota vadp thus of
congiderablo statistical valuoy covoring a largo oystem whdchas
avholo might bo considoroed ao oecillatihg botucen oilting

and scouring. llo diocharpge wore oboarved but widtho,

dcpths and  8lope wore noasurod.

lLindley smploy-d tho Rutter formila to computec voe
locitios and obtained tho following rolations in (fps units)

v = 0.95 29'57 «o(2.)

v = 0.59 80+3% -+(2.5)
By combining them it can ho writton

B = 3.8 p'+6! s(2.6)

The corresponding formulac in metric unito are s

v = 0.567 0077 v o(24km)
V a 0.27% p0°355 «o(2.5)
B 7#8 D1.61 i 00(2063)

In vhich B 15 avora;o bed vidth so that A = 0D, Tvo rogimo
equations of Lindley, in conjunction with thosc of continuity
and flow pive four equationo for tho dotormination of four
unknowns, B,D,V and S. Sinco A and N1 both aro a function of

B cnd Dy con bo easlly enpresced in teras of B and D,

Lindloy ascunod a formal croos goction conoloting
of u horizontal dod uad % to 1 0iGo0 glopco, wnd 4¢ 40 proce
tice to apply hio oquation tu notural chonnols,.

Lindley rolied on Kuttorts cquation for deotermining

volocity. Thoroforo his aralydlis vas incomploto. Ho made

no attoapt to corrolate ruroprity and silt grado, but




18

aBsumed n = 0.0225.

Lindley' o equations arec volid for B 32 m {(150¢£t),

D <271 (9 £t) and v<1.0 ovoec (3.3 ft/0ec) , Fron Lindloy's
. data, Lacey [ h-] dorived the rolationship below by apoum=

 ing thut in large channols B apyroachosd to P as a limit
and D spproachcd R, '

Q
How Q = AV = VellsVe OF R © =
PV
Thon from Eqn{z2.6) we can writc (fps units)
Q1461 )

P = 3.8R"OY - 3.8

pl.69 v‘li .é"!

orpdB . _38 1.6
(0,59 1+61
P = 1,984 n0‘506 veef2:7)

‘Later Ingli-s [41] obtained the following oquations from
‘the szme data (fpe unito)

W, = 2¢3 QV}” ' 'u-(?.-B)

i
D = 0,57 Q1’3 s+0(2:9)

" In 1920, Khannog [12] gavo the following rolations

V = 0.0296 RO C vee(2:10)
In 1921, Ecledda and llnlokal gave two othor rolations

V = 0.028) &5 (Bolodin) vea{2:19)

V = 0.046 1S  (inlekal) vee(2412)

The abovo rclutions busod on Egypiian data, later influancod
Lacoyts thinking on tho subjoct.
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2.5 LACEY'S8 REGI!. DNUATIONS

The statoment of original Locoy theory appeared
firot in Wostern Publication in 1929 {13] and 1933~3% [14] .
In 1939 in Technicel paper lo.20 [h]. ho revisod his cqua=
tions fron earlior publications. Tho treatmaﬁt given hore
18 booed on the rovisod version prescented in 1939. Official

design ddograns werc iosued - 8 carly as 1932 [15]. A furthor
Western Publication of 1946 (167 addo ocome speculction to
the original material. In tho papor published in 1958 Locoy
digcussed about the objections for the ugo of P and R as
paraneter {177 In his paper in 1966, he baog discarded his
811t factor completely and instcud considercd the sodiment
concentration, settling velocity und median diametors [18]-
Gerald Lacey rotired as a chiof Engineer, Irrigation
Department U.P.{India) in 19%5. He carricd out a long dotalled
atg@ies of tho problem of design of stable ch:nnels in
alluviun and contributod significantly touards the advonce
of knowlodge in this subjoct. |

Locoy'a outlook uoo cosontially thut of tho physist.
Ho aopprociato that, behind the relation shown by ompirical
plotting, thors must bo rolativoly a 9implo low connocting
dyncndccl quantities such asd forcos and enorglos. Purthor
ho m2de uoo of vhat conventlonal fluid !lechanices vould call
oinilority considerutions, thot 19, ho visuslizod ousll
channolo up oodelling larger onesy wnd ho puid uttcntion

to the uoy in vhich differant dinonsion wld tscalced upt.



2.9.1 Regime as a Physical Concept'

According to Lindley postulate a dolicato and pro=
cise balance in all the dimensions of an open alluvial
channel can vor& scldom bo perfoctly achioved, for thoxs are
too many variables, vhich in practice not all are qQually
frdo to vary.

For regime to bo otadbilisched fundamentul requirge

ments are that s

Te The chunnel is floving #n unlimited incoheront allu=
vium of the same character as that transported.

20 Tho 841t grade and the silt charge are constent, and

3. The discharge 18 constont.

If thero 18 a cowplete freedon for latoral mover
nent , 1t i8 culled v¢rue feginev, Lacey alsSo dofined regime
chapnel a8 steble channol transporting a ragimo silt charge
Sr it can bo dofinad A chonncl will be in rugine vhen it
, fiows‘unifbrmly in incoheront unlicfted olltiviun of tho samo
charueter a8 thot transported und silt and silt charge are
all constantw [4]

In 1946, Lacoy defined a rogime chonnel with repw
" poet to Sodluent churge as w a Btable channel tronsporting
tho minimun bod load conoistent vith a fully active bed» [16]

Incoheront Alluvium

Boil composcd of looso granular matorial vhich
can bo gcourcd oo roadily 9 4t cun bo 4 :posited. Tho matorial
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18 a common pleco in the laboratory, tut seldom reproduced
perfectly in tho fiold. The material nay range fron very fine

sand oncountered in rivers vith small slopes, t gravel pebblas
and boulders met vith in torrents. In this kind(¢rucly.
incohorent) of material tho rogime dadlance 18 vory delicato,
gince any small fluctuatfon in velocity o turbulent , from
vhatever cause, mst 8-t up in-otobdlity. In nature the

ontire wvetted surface of the chanrol 19 seldon incohorent,

Yhen tho silt trangportod 48 vory fino and minod with ¢lay
such 8ilt once deposited and comppctod 15 tennceous, tnd

may prove for more difficult to acour thon coarser incoheront

material.

Fluctuatidn in dischurge provide trest periodt for

fince silt vhich aggravate this stcomenting® tendency in tho
bed of channol.

Rogine Bilt Charge

It 45 thoe minimum ¢trongportod locd consistont with
fully active bed,

R pime oilt Grode

By a 8ilt g™ de Locoy negnt not tho aveorage mean
diamoter but tho gradation boticen the onll and big
particloo. This noy probably civo symiotricedl c=iliogrems
or oize distribtution curve.

Romdino In Rivoy

v In condy ond bouldor rivers the only Quasi=rcgime
or tcaoporury regine may exist. Although tho oscnd in a rivoer
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bed may perfoctly incoheront 4t 18 gtrfull stafjen, or
high flood that rivor 1o ralivor at othor time the bed
may bo inert, In gravel'and bouldor river and torrents the
effoct 15 still moro marked. It 18 anly Guring the floods
of grcat magnitudo that rivor 18 fuily dctive for a short
period betucen tho gcour of rising ond doposit of falling
flood stago. AS tho flood subside tho bouldors, grovel and
finally oven tho sand bocomes inorts. Honce thoe rivor in
low dlechorge may bo conéiderod ae rigid boundoary & o far
as tho scdiuont movamont 18 concorned, In Sandy rivorsg in
alluvial plain the freodon for latercl movement i achioved
to some extont and by meandering adjust their length and
glope. In all boulder rivers, and mny foot hill ocandy
torronts, tho slepo 15 a dominoting featura inposed ny‘tha

torrain.

Ropgine in Aptificial Chonnels

An a&%tificial channcl will hive cohosive bonks
and ao such vhen it comoé invo tho gervice first, it will
huvo o given diachargo, width, oilt grado and silt concene
tration. Channol axcsvated in £irst 110 tanco with defoctive
olepes, and 8,00vhat narrow dicmansions, aro froe by irmodio=-
toly throwving incokoiont silt on tho bad to iacrocse thoir
0lopod,y and by gonoration of incro.cdd to wchiove o non=
oilting inlitial roﬁimu. Such channolo 1 tho borns aro grassed
and the banko aro tcnneous 4 will Lo subjectod to consgidore |
able lato.al xostraint snd A€ tho bank £oil 10 of clay the
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sides may r.a:i.st oyosion elmost indefinitely, Chaﬁnau of
this type achieve a working stability but are not in tfinal)
regine, Thus the initisl rogime 48 the state of channel that
has formed its section but had not attained the final slope.
Different initicl regimes shapes may progressively ocour at
one sito as the slops 18 in the process of attaining the
final regime, which may be either scour or silting. ‘Pinalr
regime repraesents the condition, when all slements of channel
cross socotion as weoll as slops are equally free to vary.
" In the case considered tho wotted perimeter far from being
a variable im sppreciably constant. When the channels aye
protected on the bed and sides wvith some kind of materisl,
the channel goction cannot be scoured \p and so thers is
no possidility of slope to change, this typs of channel 18
- gaid to be in permanent regime. Rogime theory ia not
aspplicadle to it.

2.,5.2 Regime Rquations

Lacey adopted Iindley's searlier concept snd with
respect to unigue section he stated * A constant discherge transe

porting silt of regine grade, and flowing in self transporting
anirvial Plain, tends eveontually to assume & gradient solely
determined ty the discharge as silt grade, the nmean velocity,
hydraulic meun depth and wetted perimeter will also tend to
unique determinationw [l&“] . | |

Buch a constakt discharge will tend also to trans-
port a fixed tregime’ silt charge. According to this statement
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in all rogime channels in incoherent material the primary

fundamentel variables are nean veloclity, the hydraulic mean
dopth, the water surfacey and the bod silt grade and thero
are only two indopendent variables, the diocharge and the
811t factor. Lacoyts idea was that the causs of susponsion
of 8ilt is the vertical gomponents of eddiesn generated in
all points by the forces normal to tho wetted poyimeter and

for this rocason ho adopts a hydraulic necan depth inotead
of vertical depth as the variable. Lacay plotted V against

' Ry by cmploying the Konnedy, Lindley and !adras data and
obtained first rolationship as a genaral form

v a2 eref2:13)
The square root of R fitted dato in all cases and unlike
Kennedy? s aquatioﬁ, the exponontial power had not alterod
to sult differont conditions. He introduced a o ilt factor
£ as g ﬁeasura of silt grade. Ho defined (f) such that tho
coxicapt of Konnedgyts eriticol volocity ratio (m) 4o

pregorved,

g = ({,—'——-)2 e n vee(2.18)
4]

Then thu gencral form of tho oguation (2.13 ) 1o

V = @1,8 = EEIR‘VZ = K ff‘-;{ iv.(20‘5)

Thuo in pogine chonnol of tho suue Jean veloeity tho hydrou-
lic necan dopth varios inversely as tho 8ilt factor. Doforo
n or £ con bo computed tho vnlﬁe of K muot bo dotorminod,

Tho numorical valuo of K will ba determined vhon the
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standard silt vith a critical volocity of unity hao bson
core rigidly defined. FrooEq. €2.15) we can ﬁriﬁe,

C=fn =« K f1,2 .p ‘-(2-158)

Tho constant C s-hows tho measure of fturbulonce in rogimo
chennol. If would appoear to be a useful general criterion
of tho grade of alluviucl nmatertal. Rogino obsorvationo

- of c¢hannel 4in gravel and bouldors aro lacking but obsorvo>
tions for channcl 4n active full stago, corrosponding to
quasi~rogime aro rccorded. The followin, table gives oboore

vationd over an extro ordinary ran o.

Tablo 2.2

value of C Doserdption of Bilt gruds -channel L7

0.732
1.056
1.hb60
1620

2.430
2.919

he28

Ismailia Conal, Beypt , Vory fino oilt

Upper Ginges cannl digstributary,Indic Fino sand
gilt.

Misoury Rivor, U.8.A., Coarso rivor oand,

ldanl River, Hamilton, U.0.A. Gravel cond and
Clay.

Rhino at Baslo. Gravol and Shinglo.
Isar Rivor Buvarin, “oarso gravol and dotritus,

Randor Rivor, Canton Eornc, Vory coarsc Gotritus.

Tho tublo chous that tho ratio (vyn”gﬁaﬁlarado

matorinl trangporited).

2.5.3 Lacoy'o Flow Zquutions

Tha fornm of gonersl oquation V o CR1/a shoso tho

possibility of compuasison vith <lus 4c¢ Chezy oquotiion
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V= cﬁt— o Unfortunately the slope § anters the Chezy equae
tion a8 & third variable which malte any truec comparison

impossible, lodorn practice favours, roplecing the Chozy
equation vith an exponentiol of the Manning types

1
V = Cy Rn 8 /2 o9(2016)
In moetric unit¢ it is in form of '
¢ n 172 ,
V= ﬁ R S 090(2-163)

The slope!s power 10 uniformly assigned a value of 1/2,
but for R there are different values according to difforont
authors. The following table gives the values of exponcents of

some modorn flov cquations.

Table 2.3

n Authority Remaxke.

0.667 Manning;Gauckler Thio equution,®e vory closely
' ' replaces the Kuttor formulo
vhen rational slopep arce omployed.
0.700  Barncs, Forchheimer Borno!0 wap roximate formula®
' for carthon cannls and rivers .
Alco known a8 the Forchheimer.
0.75 Lea Loarg approximate cquation for
"noarth channols in ordirary
conditionw,

All of the cbovo formlao are empirical, it can be concludod
that ono £ro1 tho rogine viow point moy prove fundamontal.
Froo Eq. (2.15) and (2.16) wo can write
c'n“e;"a o caRV/?2
(n-
B a) S‘l/a

cnd

‘= C/C' 9-0(2017)
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From the plotting of Lindleyts data (in IFPS units )
by the method of least squaré, the most probable exponential

forn is a8 follouy =

229 5 = 0.000347
or-having regard to tho probability of simple power

“ 31,38 = 0.000347 . Tho correlation of hydraulic moan depth
and the slopo can be vritten in generul form

:11/3 8 = Cn voe{218)
Fron EqQ. (2‘1?) -ang Eq- (2018)0

!

an=f = and that n = é ’ thiec is similay

pover as in Leats oquation,

Bgn{2,18) may be written in amnother form,
‘ n
| Y25

cn

= 4

Fron Eq.{2.13), tho genoral 18 obtuined ao

va=ca¥2 @™ @Vpn N ERT)
From the forn of Bg. (2.15) and (2.18P0 4t 18 ovidont that
it 18 possible %o corralato C and C" and thus obtained a
genaral rogino equotion for_uilunlal channels in terma of‘
V4R and 5, tho rugoo=ity boing implicit in tho valuesof
R ond 8 cdopted by tho channcl. To do so, it is Shoroforo
pocoible to ozproscs one sllt grads cooefficient as o function
of tho othor. If we considor L, V = CR1/2o tho coefficiont
C ig a constant vhen tho channcl 18 in porfect regimo and
silt gr:do 19 o constont. Simdlurly in tho cequotion n1’28=0n.
tho coofficiont C¢ 18 a congtant for conotcnt silt grade
and peorfoct regimo conditions. Thorofors wo can write offectivdy



C = P {Cn)

or V/R‘V 2 - pr'/2 't‘f)

From plotting a large mass of data and Statistical onnlysis
Lacey found the best fit relationship

C = 16.0 (cn) /3 e < (2.20)
or putting tho value of V3/RY2 gna 31/25 from C and C®
respoctively |

v = 16,0 R¥/3 g3 eee(2.20)
In motric units v = 10.8 RY/ 3 gV/3 cesl2e21m) ¢

- Tho equation (2.21) is very important in computa=-
tion of high flood dischgrge. This equation is s—uppomd
to apply to rivers, only for short period at the stage,
vhen they h.ve just ceascd to scoured and have not yot
begun to deposit sediment, At that timo a river 18 in
‘momentary rogine. To thhs tempor:ry condition in rivers
andﬁorrants Lacey applies the term Cuasiercgime . In thio
condition the flov cquution of lonning or Kuttor cannot bo
used, bocpusc-of high flood vhon a rivor is in a- temporary
rogino, tho above .qQuation can de used to find velocity
vith procico accuracy. An illuain' ting cquation can do
obtoined by cubing oquation (2.21) and (2.21R)

v3 = k096 (820) ]
v2 = 4096 (R/VIRS eee(2.22)
V = %0 (V) V2 |Rs
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Corresponding egquations to netric unite are

v3 = 1260 R%5 |
va = 1260 (WB sse2.22m)
v = 3.5 @m /2[R |

Then Chesy coefficient = 6%.0(R/V) V2 (1n fps units)

and in metric units 1t 18 equal to 35.5 WV V2 | wow
putting v - xﬁn {fron Eq. 2.15) 4 then Chesy |
| 35.5 R" %
g2 %

coafficient ¢ = (4n metric units)

oy
¢ = g0 rV2 gV2 g/ gV/h

= e RV7% 7 &V2 V% (40 fos wntte).

The goneral reglme equatlion can theraefors be convertad into
8 flovw mu'at&an of Mamning types in which the Chesy coeffi~
ctont 48 represcnted by R / n in metric units and by

1,358 RY%n an fps untts, Agatn putting 35.57(xV 2 V%

= 1’“& vhers Ra 13 bsing Lacey absolute rugosity coefficient.
That 18 a coefficient determined solely by the avermge size
and density of incoherent bed material of the channel.

Then Bq. (2,22) cen be written as

K
Vs ( ;17 Y/ [R8 (in metric units)
.

orvVs l?. a¥h gl/a

a
Ve 113%5-8-_-51 RY% g1/2 (10 fps units)

a

. ol i¢0(2t2»
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Tho eguation (2.23) 48 the same form as EqQ. 2.21. but the

indices of ] and 6 aye different, Tho lattor applics to

porfout reginme condition only and former can be applied

to rogime and non rogine channels alike, to channel with
rigid boundary and non rigid boundarios.

2.5.4 Ua~P Rolation and Dotorminution of Numericul
Cocfficlionts

As previously mentioned tho \?aluo of absaluto
rugorisity of coofficiont I'a of Lacecy dopends only on
the 'grade and density of boundary matérial and aro indo-
perdent of channel conditions, Kennody treated as standard
silt the uppor Bari Doad canal oilt with £= 1 and the
value of m = 1 . Lacoy troato as standard the sandy silt
in a rogine channel, of bydroulic mean depth equal to one
metre and operating vith a value of Kutterts n of 0.0225
This definition is rigid eond opolics vhothor the Kuttor,
Manning, Forchheimer or any other cguntion of [lanning
tyéc is employocd. Honce lacey oq.{2.23) K R U
comparablo to llannin flov equation {v =% 33/3 81’3]
and vould give tho samc diachargoe vhon R 10 equal %
ano netro.

From tho abov : descyiption tho folloving rola-
tionschilp con bo doduccd. Comporing Qe 2.23 und ianing

formula, vo havo,

, K
Ve 1R2/3 31/2 - - RB/"‘ 31/2
n Hq

Putting i = 1 , wa got,
nel, and I{1 o §
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Thus the Lacey's flow equation (2.23) will be

V= %— VY™ 52 (45 metric units)
i1}
1.3458 :
Vo= — ¥4 V2 (1n ps units)
8

Ceee(2423)

sse{2.230)

For standard grude 8ilt value of £ = 1.0 and m = 1.0

and H_ = 0.0225 « As already derived Ky/H, =

This ucuns thety 0, @ £ %, stnce voth K,

3¥.5
(M2

and K are

numerical coefficients not dependent on the grade of silt

und since U, = 0.02:5 vhore f = 1.0 then N_=0.0225 f

n_ = 0.0225 nV’/2"

The vulus of I, are given in Table 2.h4.

174

[ ) o(anai#) :

From the relation already derived Chezets coefficient

C = 640 /) V2 = 640 RV *kV2 nV2 454 By, (2.230)

c=6v0 ®MY2 = gho rY* k2022 1,398 s 1

Substituting the value of N_ from Lq. (2.2l
72 1
sK2 n'2 . 4 358 7 0.0225 nV/2

or K = 1.1547 or K@ = g in fps units.

Sinllarly
K = |2 (in metric units)

5
Jow equution (2.15) can be written us

(fps units) . metric units

V = 2 . ‘ - |2
ﬁffﬁ 04(3015) V~EIER

2
R = 3 v2 ot(2015&) R= 5 Y
2 f

f = 322 aa(ag"Sb) f - g g

ss.(2,15m)

»e 5‘2015&.}3)

_ees(24150m)
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To evuluate the valuo of Ct in EqQ.(2.18) we can write from
BEq. (2..0) that .
cn = ¢y (163 = ¢3 7 w9e

The valus of C = K n = -g—-m

JE

Then in kq.(2. 48) substituting this value and simplifying

1o 80t’
RY2 = cn = cH4096 = ( %)%3 / 14096
or rY/ 23 = 0.0003727 m3(f2= 1n)

-1
5 = 0.0003727R 2 g2 : ...(2.180)
£ = 193.10 (rV/3% )¥3 v+ +{2.18D)
In metric units,
8 = 0.00020% R™V/2¢2/3 oeo(2.182m)
£ = 200 (RV/25) %3  eee(2.18tm)

EQ. (2.18b)' is of graut practical vulue 1r; computing a
working silt factor for irrigation chonnels. If the channel

16 in perfect rugime 4¢ will conform with BEq (2.21) and

it will iumatericl Af the 8ilt factor is computed from

g+ {2+419) or from 1:g.(2.18b). Tho tuvo results vill be
idontical. If tho channel 48 not in perfoct regime but ropro=
sonts the optimum otandard of local maintenance, and also
noithor silts nor scours EqQ.(2.18b) is ovidontly a bottor

critorion,
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2.5.5 511t Factor, Grain Sino Relation (£ « 4 rolation)

 Lacoy correlated the {f) eilt factor % tho silzo
of bed matorisd (d) on the tasis of that the 911t Lfactor
£ w411 bo dopendent on the overago sise of bowndary (@ matoe
ral in the channol and 1to denoity. Tho epecifie gravity of
transported material in Indian rivorp 18 vory nearly thot of
quartzy 1.e. 2,65 and 49 praectieally constant. Therefore, 4n
the cogo of pogime chonnol, in which the transported matoriel
and boundary material havo tho some characteristicoy the oild
factor (£) can be direcctly relatod to the avorage grain nizold),
This attempt was dono ompirically by Lacoey. The dnte wvith piso
of material ranging from boulders in tSong River' 63.5 cm in
diemoter and to fine sand in lower Mosiceipi with £=0,357, wore
uted as criterion of relotionship. The relationdhip hao ocn
found a6 bclove |

/2 .
dn g;:“' or £ o8 _;E , 95--‘2025}

where 4 18 taken in incheo ., If 4 40 in mm, thon

/ £f o 'io75_[é. - n.(aoaffd}
Tho valuco of (4) end (f) aroc glven in Tablo 2.5.

SABLE .M ,

Matoricl of Channelo Yaluon of t!n
Ccacnt Plootor 0.,0%0
Achlar and good brichk work 0.013
Rough brick vorks or geod stono work 0.015
8tono vork in 200y conditions 0.08
Bapthon chan ol 4n Excollont ordop 0.020
Borihcn channol in lodorato ordey 0.0
Earthcn channol in Poor ordoy 0.,0250
arthcon channol 4n Bad ordoep 0.0279

apthen chonnol idn Vory bad oxdor 0.,0200
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Table 2.5 [4]

£ d ia Type of channel to vhich applicable

00.4%00 0.052 0.0179 Vory fino silt. Ysmailia Canal,;Egypt
00.500 00,081 0.0189 Fine silt Madras Godaveri ucstern Delta
00.600 00.120 0.0198 Fino oilt. Janmrao Canals

00,700  00.158 0.0206 Fine 8 11t Krishna Western Delta typo
00.850  00.233 0,0216 Hadium & {lt~Ganges canal Distributory
01.00 ° 00.323 0.0225 = Standard silt . Punjab delta

01,250 00,505 0.0238  Medium sand Griffith

01.500 00.725 0.0250 Coarse sand, Kennedy, Bucklaey.

01.75¢  00.988 0.0259 Fino Bajri and sand N.W.F. Province
02.00031 01.290 00,0268 Heavy sand Griffith

02.750 02.420 0,02%0 Coarsc Bajri and sand N.W.T. Province
Ok.750  07.280 0.0333 Coarse gruvel |

09.750° 26,100 0.0390 = Gravel and Bujri H.W.F.PTovinco

124500 50.400 0.0L24 Bouldors and Gravels

15.000 72,500 0.0k Bouldors and Shingle Jamuna River

24,150  188.80  0.0500 Large boulders und shingle
. Bong River, fowaliks United Province

2.5.6 Dorived .olationchip

Lneoy obtrined frou Lindley observation , Lindley had
gtatod thr ¢ ho sou no reason vhy the lav governing veloceltlos
on? yidtho chould not bo of tho s8ame character as th .t govaerning
volocity cnd dopth 4] . Thisidea has iuplicit concept of channel
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scction generated by forces resolved into lateral and vertical
components. From this Lacey argued that
vV =F (fP)

or fP = f1Pr = £npun, ete .= F1(V), |
From tho equation {2.15), in all channels of tho sanme
m.on v2locity, it follous that

fl= R = fuﬁ" y 8tCe eoazFr(V)

Should also hold good. Multiplying tho series together
Af2 zirgr? = angn?, ccte aeee. = Fe(V)
or Afe = F1(V).
Fron available data (Kennedy, ladras and Lindley) plotted
by Lacey, it hag becn found

AR = 4.0 V0 (Anfp# unitc) ves(2026)
and . i85 140 v (in motric unitei oo (2.26m)
by dividing the first series by socond we will get,

P/R = 7.12V (in fps units) eee(2.27)

Kow wo have deduced thres basie equations by which all other

equations can be deriven as hClow. Basic cquitions uro=

fps Units lfetric units.
- o,
Ve & Ty (215 V=% m .o (2.15m)
v o4
Af2 = 4.0 V7 v (2.26) A2 = 140 V0 .. (2.26m)

v oe16.01¥36V”3  (2.20 v = 10.8 ¥ 3Y3 (0.0m)

B et % W T - g ke, gl

(1) P cnd 0 reiotionship

Raising both sides of kQ. 2.15m to fourth pover

25 .
Eliminating £2 fron this equ. tion and Lq. 2.26 we get,
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A ,m—%-ﬂ) = 150.0 V2 op A(-?-%-) = 140.0 V.
~ 4R

Multiplying both sidos, by A, we got,

L

T 2
8. . o = 10Qanapis A

up? e
Then P2 = vz ;;o ! = 5:5(2 i
.. Pewgs [o o e o+ (2428m)
In fps units P = % [a - vee(2.28)

2 V=Q«f Relationship

From Eq. (2.26), by - tltiplying both sides by V
wa-get;
CAf2y = 140.,0v0

Qg2 = 140.0 v0
qg2 /6 .

V . ———— L 3% N ] )
V= 7o ] (2.2%9m)
21 V6 |
v = (:'Q"i; J , . .Q‘(2.29)

3. S=0«f Relationship

Cubing both sides of Eg. 2.21m
1

3 2g = (T2.5/3
Vo= 1260 R or 8= { )
R 1260 (zv) /3
oo'(2'21m)
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From Eq. R.15m 'vafn = é f and putting R = A/P

and P = %75 V2 ye wi1l get,

" &)¥3 13

5/3

8= (31 ‘ =
: eV 260Q y V3

| R
@3 3

n 73
573 (
= G, PR 2‘30)
5 = 0,000 —
| In metric units & = 0.0005%2 (£7/ 30V o+ +(2430m)

e RLe=S=F Reletions<hips

Cubing both sides of Eqg. 2.18m and Bg. 2.14m und oliminating
’v3 batuwoeen botn equationd we get,

2 Y2

v3 = 1260 8% amav3 = Y2 ye
e¥2 e¥2
OF § & wm—- 7 = 0.000204 —— ve(2.31m)
uggo RV/2 | g2
f3/3
In £fpa Units 8 = 0.,000373 s veel(2.30) ,
R1/2

5. S=f=g pclationchip

If we put ¢ = RV and ncko oomo simplific: tion in

Eq.. {2.21mA) ue got,

2573 eo/3
- = 0-000178 ‘

g (§)5/3 vse(2432m)



(In fps) & = : q 0.,000391

6+ Rogiue Scour Depth Relationship

From EqQ.l19aMas alrcudy derived,

Rasz..:s.. .Yj:..
ly 2
. .or “uﬁ 12

2 f
And from Bq. 2.15m ¢8 alreadyderivod,
a3

V° = (o )
140

"Hencey .

5 Q2

R = : (¥ ,13 % = 0.4 (o) V3

140

(In fps units) R = 0.47 (/p /3

: \ gva
Iprutqzl‘&v,undﬂza}.
3 |
@ =2 ¥
2 r

Bubstitutin, for V fron Eqg.(2.29m) we get

5 1 Qe? 3/63 172
,qg-éo (1140) 0.2t Q

in fps unite q = 0.375 oV/2

ovs{2.33m)

es2{2+33)

, then

.o (2- 333)

. 0(2’310)111

oe{2.3W)

By substituting for Q = (q/()--m)‘2 in I'g. 2.33 it w111 be

1

3

In fps units, I = 0.9 (q2/ﬂ1/3

= 1.35¢ —-—-;"3 o+ +(2+35m)

«s(2:39)



The lIdea of Shock

Lacey proposed the vaiue of absolute rugosity coeff-
iciont should be constont and indepondent of channel condi=
tions and dependent only on the grade of boundary. Therefore
he @ividod the slope into two parts ~ one to overcome tho
friction and other to meet the lossvs due to irrecpgulaoritics
or mounds; bends and cﬁannela conditiona. This néy 1dea introe-

duced the concept of s~hock logscs.

_ The valuoe of shock losucs due to irregularitiea.rough-
ly coincides vith form resistunce. But the variaiion of rugo-
sity coefficient was observed by canal engineers. This
| vqriatian probably 18 due to!

1. The actunl relationship botween mean volocity, ¢hannel
'~ Blope, depth and rugosity coefficient du logarithm
!VIV¢ 2= 6.25 ¢ 5.75 log -%;'
But it 18 cpprozincted over g wide range by onc soixth

. pover exponantial cquation as V/V, = 8.12(R/KS)1,6 « But *

Lneceyts oquation i0 in the form V/V, oc(R/Kg)1/h

y oand 'L
this 10 valid only in o narrov range of low R/K, values.

2. In caso of movable bod channels, ripple formation tokos
place on the bed. When the flovw takes ploce over these
ripploo, the prescure on tho front (the side feeing the
£lou ) of thoCl Pipples aro wor. than the prussure on
tholr rour. Thig differeonce in prossuro adde o a consie
dorablo proportion of tho total force baluncing tho tangen«
tial component cf the uaight of woter and only the

remaindor io providoed by friction resist.nco. This kind
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of rosistince to flov caucod by the form of channel bed
and bank 18 colled form rooistince. The form resistance
is a function of size, shape and spacing of the formo, but
thesc are thcmaalvas_depen&ont on the flov condition.
Thorefors, thoro 18 no reliuble methody ot present to
caleulate the form rosistonco. Thus the form tresistance’
and griction 'yesistance! aro different in noture and
honco tho total resistance cannot be reiated to grain
siae alone.

3. Lacey rcalized thot true regiuc channels are freo fronm
extern 1 rosist nce and ?shock® . But in gediment
transporting channel, vhich normally hzve bed ripple

formation, this statement 1s not correct.

If 8 denotss the glope required to withstand shock

losses. Then Iq.(2.23) con be written a8 dbelow=

_1 » N .
ves a¥ ¥ (5.8 V2 (in metric unito) = ...(2.36)
. .
g b |
- "3”3 R (601 V2 (4n gps units) 2.36
‘a

For S' , ho suggeostod volues corrospending to n in lkutteris
formila a8 given in Tablo 2.6,

Tablo goé

Locoy' o chock factor t51v  for differont channcl conditions
o8 givon by Buckloy.

Chunnol conditione. n 8¢ ]
Vvery good 0.0225 0.0050 8
Good 0.0250 0.1905 8
Indifforont 0,0275 0.3315 8
Bod 0.0300 0.4375 &
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Hov if wo considor a channel in good conditio.y then
fron Tablo 2.4 for good condition N =0.025 and for very
good condition naz0.0aQS. Thon,

RYY (gas) V2 g2

_ s or (s»81) /2 =z 0.95V/2

or 5 o Ow?? S.

Thioc mecans th' € 4n good conditio-, the channcl

cdjusto by 199 of gross slope to over coma tshock.t
In practico the wclue of e camnot be constant ¢nd diff=
eront vclues of nh mst be used for different channcl

conditions us given in Table 2.4 or Table 2.6.

2.5.7 Locey!s Works in 19%6=1966 [16417,18,19]

lacoy has modified Bis oquations in subsegquent
putiicotions. In 1946, he also sought 8 pport fron model
analysis thcory and prosonted physical basis for his cqua.
tiono [16] . Ho denonotrated thot his oquations could be mado
dincnsionally homogoncous, In 1958 ho discusced tho impor~
tant paranctoro th.t govorn tho various flov formalao [17].
Ho argued thut for tho crosg~gection, tho width and deopth
ars tho corroct parwnotors to uso rother than P and R. But
in 0ll ocgquaticno involving gradiont the hydr:ulic mean
dopth tit, ontoss ao u varicblo. Thoroforo 4in ¥Q.(2.15)
D, should bo uoed in plcce of R end 4n Fq. 2.28, Y, 4n

m
placo of P, 4in slope formula tRv rcmaino thero. In 1964 [197)

Locoy furthor modificd higs oguation by introducing two
noy factors ¢ and ¥ vhich wvas dofinoed o
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E P/Y, = D (2.37)
L] —-_ LR 4 L
8 R 2
O.
= ..i?i U, , e 18 a correction factor for using
Q1/ 2 8 \
1-30 inotead of porimoter P in formula P = 2.67 Q1/2 ‘

Thus his nov cquations are - (fpo)

wy = 2.67 aV/2 ceel(2.3)
Q .13

D -t 0¢h’? { e uno(au

m 25 ) 39)

ED,

8, B 1.7 i e o v (2.40)
Hg

A = 1.26 (7 V3 /6 vee(21)

Whera D, = mcan dopth

] 8o that Wb, = PR = A,

wa = tator surfaco

Locoy usod [17] the data which were collocted by Buckloy

at Baloido diochorge oite on tho Nile in Egypt in 1921, Ho
2

plottod the ogucre root of Proudo Numbor ( %}? z 16%

against gsedimont concontrution, . He domonstrated that
for a pglven ocdinont grado tho paraiaoter V/RB 19 ccnetant
and 18 indopendont of cedinont concentrution. He obtained

tho ogquution
T S———— R.S * e P '.’*
Ve WE (2:42)

In hio lattor popor (18] Lacoy dlocardod hio oilt factor

counlotoly cnd inoto:d assuned, tho opodinmont concoatration

il in ppm « Sottling voloclly V, and nedlan dlgnotor of bod
natorial 4.
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v = conotant /3 (w6 .o (2.43)

Dy = Const &3 qu ) V6 - eer(2000)
al/2

S/E o C9nat. (IWD)‘VB -—;r,-3-—- | nn(ao!#S)

a =D,v =0.375 "2 vee(2.16)

‘hilo uoing D, ond ¥, are often more convenient to use,
thoe formulao utilizing the rovised not. tion have not so
fur beon substantiated by data . Howover, except in small
channels, the differences are not very significant, and
oithory systom moy be usod, Using D, instead of B in

BQ. 2.15 4 ond rcoarranging,
fv 2 = m
(cdy) W2
vhore T 48 Froudo number and g is gravitational accolera=

s 9 F vos(2:47)

tion . Thio oquation &8 vweory useful in connection with

rodol.

2.6 PUITAB IRRIGATION RiS oRCE INSTITUTK BQUATIONS

Lacey's paper in 1929~30 impressed all research
vorkors as woll ag fiold cnginocers to think only in ono
1lino of ompiricol approuach. The nim of theo  inycstigations
wao to chaclk up the lacoyt's formule by moans of otatistie
thcory. Tho obgorvations showod, that sediwont chorge
playo an inportant role in design of reogime channel. But
thoy havo not t ken into account silt charge.
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N.K.Bos: [20] in 1936, after several years of painfe
taking dota collection and statistical analysis fron Punjabts

rogime channels, obtained the following equation.
Corraesponding Lacey's

Equations.
P.= 2,68 Q o(2.48) P=a2.680Y2  L(2.28)
v=1.128Y2 . (2.49) v= 1.155 £/2V2 | (2,15
40486 40833
8 = 0,00209 .(.3......31. »+(2.50) | 8 = 0.0014 XY
g17% (f = 1.76 [@) .o {2.30)

. -(2-51)

R, .
P 6.25 d

wvhere 4 18 tho porticle sige in mm.
In 193940 , J.K. Malhotra has found [217] out

V = 18,18 rO+632 g0.343 . o(2.52)
Comparing the above cquations with Laceyts oquations, it is
ocen that Q=P and V=R relationships arc foirly cloge in tho
tvo cadss, oxcopt the slope equation. In the above cquation
the povor of grain oizo closely conform but tho pover of
Q@ i3 closo to 1/0 rather than 1/6.

2.7 TIGLIS LACEY DOUATIONS [22,23,2% ]

In 1941, Inglioc statiotically analysed the nnss of the
data colloctcd £from Lowor Chenub cancl and hod tricd to oveé~
cono tho shortcoain o of Lacey's vork in 1929. Inglish objocted
madnly to Lacoy!s equations thut thoy have no correlation

batwocn oediuont charge and canal variables,
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In 1936 4n a diocussion on Dr. Boose Papor [20] be montioned
that Lacoyts oilt factor (f) cannot be Gonotant in o parti
cular channely 8ince tho valuc of £ doponds on bed natesrisl
oino and tho bod material oize does not remoin constant
from hoad to Leil,

So Inglis wused theee notations Fyro Frp ond Fy

rather thoan (f) 4n Loceyts oquation as follows {infpo
uniio) .
Bhg = 193.9 (kY2 g2/3

v2
Fvﬂﬂ 0075 E

Fo ”FVR Fns

0.00057 £/3 /3

£ a ‘ RS ves(2.53)
'Q1,6
p V4
Hﬂ L= °¢°233 ...-B-g-— :.-.(2:5‘05
r 72
. VR —rn—
V=16 33/3 3ﬁ,3 'FW‘ »-0(3055)
J Fs
Tho range of tho data upod by Inplis 40 ao belov ¢
Ranpgo Standard Deviation
P voaiuvon f£ron 0,82 to 1.45 p 0.178
¥ volueo £900 0.89 £o .29 V 0.699
8 yaluoo £rom 0,69 ¢o 1.39 8 0.477

vhoro P 0 v s g ropregontod moan voalues obtained by Lacoyio
cquotions, Inglis pointed out that thope ‘deviations; woro
not d4uo to chack or cohoronco, butithoy rosultod boecauoo



47

of variation in sand charge entering difforont channols.

Inglis argued that I the sodiment chargoe and ")
the seté&ng volocity of purticles in still wvator, are tho
paragnoters vhich fully doscribe the characteristic of sodie-
nont in relution to regimc'flow. In 1940+41, ho concludod
by model study in Hydraulic Research station, Poona, that
ag long as N2V, 18 held constunt, the amount of material
dopeoeiting 4in vater wags conot nt and tho channel would be
in regine, 1r—reapec€rgf vhother the load was constant
and grado variod or grade was constant and load v.ried.
Following tho lead of Prof. thitets dinensionless exproge
sion ho used th2 parametor (NV;) in White's cquation and
gave a now s8et of equations for quarts mnd in wvator to
mako a comparison vith Lacoyts cquivalonts. The indicos of
Q¢ in different equations wvere kept the samo co thooo in Lacoy's
Threo maln equations together wvith corrogponding ones fron

Lacoyts are givoen &8 bolow:

I1/h
: 172 _ 8 w2
uﬁ o g“/l" d",l’ 0 ...(2-56) P= 3 0 / ..(2-23)
1712
R — 0%/6 ...(2.57 A=1.2607&2V3 | (2,29
g¥7 1241712 |
57112 42 L5712 573
I g'lc & £
e . 8 "(8‘30)
8 ot Q1/6 (2.98) = 10 "6‘1/6

The othoe.oo can bo  derlved frou the busic ones,



4“8
v e TV/12 P72 gV/12 q16 | (5.59) v = 0.79u0"/ 61/ 3

.e(2.29)
J/9 476
D, o e Q"/3..(2.60)
g/ (wy V3 173
8 R=0.473(Q/f) /3 ..(2.33)
NVB
Where I = Inglis number =

In 1957 [23] 1Inglis evaluated the constants for mobile
stndy beds for water with kinematic viscosity V=1.25310'5ft2/aec |
(at 15 °C). Observation was made on rivers and the formulae

vere restated by him as below:

v

Nv .
‘W = 17.8 (....-.g...) 1k V2 . (fps systems) ese(2.568)
1/6
- d 13
D, = 0.012 =3~ Q™ ...(2.60a)
W, -
= .67 (e /12 V6 | e+ +(2.5%8)

s = 386 avg/ 12 Q7VS . (2.582)

- ' v | ”

Froude No. Fr = _fﬁi = 7,51-(NV8)

wvhere

8011d volume of sediment transported/sec.

N = charge =
_ Discharge/sec.

'Dm = mean depth A/w8 in ft, and

d = Woighted mcan diametoer of sediment in ft.

Inglis atatbd th:t the values of constants are only approximato.‘
Therefore the formulae will hold good for canals for a domi~-
nant chargé durin_ the year and for rivers for dominant

discharge, since the charge is related to discharge.
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In 1960 in his diocussion on the paper 'Unifornm
Water conveyance channel in alluvial material' by
Simono and Albertoon, he [24 ] restated tho oquations,
using the velues of QyBsV and v a8 rotioat the standard
values at 20°C for quartz grains and Lacey?!s cocfficicnts
és constant, ho obtained tho following equations in f.p.s.

ts. ‘
unitso "

172 .
P = 2.668 L L »e+{2.61)
«1/3 | |
HV :
R =o0m73q”3 ($,V6 o ves(2.62)
8 (vay /3
Q5/6 . s 1712 -
A = 1.26 ——— 7
| A _ . ees{2+63)
g2 d‘i/'la[ (vg)V/3 }

]
v = 0.79% o6 g5/12 qW/12 vJ3 e s(2.6%)

v 77
8 = 0.000547 Q"V/6 /12 g37/12 o J . s e(2.65)

: 172
~ NV |
s.v = 0.00043 (ga) /2 2 o+ (2466)
. 1%
v 5 1.455 | — vee(2.67)

The Inglis formula will yiold soro width, velocity and olopo
end Anfinity area for szoro 8ilt chargey i.c., for clear vwotor.
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The equations have not proved consistent, when thoy veroe
checked by field and laboratory observations [25].

Fron the ecquotions 1¢ can be concluded that
sedincent charge 0 hos omall effoct on the arsa of the
channels, couparativoly more coffect on width and large effe
act on slopo. The variations in the oxporimontal work 1o
duc to channols bod in laboratory, lower discharge, stoop=

oy slopos and greator scdinment concontrations.

2.8 BLENCH's ENUATIONS

From 1939 onwvards, in 'a number of publications
{26=32] T. Blench hus been onothor notable contributor to

tho rogime theory. The existence of different values of silt
factor (f) from Lacoy's eguations impressed hin to invosti-
gate the reason for it and modify Lacey's equations.

In order to soparate out the offects of oidos and
beds frop tft and introduce tho offoct of sidos in the slopo
em:htion, ho uged the channod breadth 1w and dopth D1,
insterd of Lacoy's P and It vhoro W = Avernog e width of channel
and D = dopth of tho channocl, go that A = W.D,

Blonch hap shown thats

P = 2.67 0V/2 ves(2.28)
p2 o2

e T memessamy

D
0 " v = = 2677 = 7.2

Tho left hand oido can bo written

VQ/R .:, V3/P = 7~12‘ y If wo peploco R by D and P by U,
it beconoo I TR 7012 /05220
CENTRAL LIBRASY UNIVERSIY OF ROORKEE

ROND LU 0
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From the abovo exprossion Blench expected that thore muet
be some hidden dynamical meaning, the constant would dep~
end on bed naturs, side noture or both. But the factor
VQ/D i3 proportional to Froude number in terms of dopth
vhich must have dynomical meaning, thorefore V%}u mot
have d@ynamical moaning, and, presumably, 1o rolated

to erooive action on sides, in somevhuat the Sume yoy oo

v2/D i8 related to oroaige action on bod.

Blench assumed the side condition smooth and
borroved from ripgid boundary hydroulicsé that the sguare
of mecan tractive force 1nt§naity on hydraulically smooth
‘ pury3 P2 vy

or ”

sity of water. So for the Renolds numbors, Gectionsl shapoo

gidos is , vhere P 18 the mass don=

and sidoé metordal covered by lLacey'!s analyols, he conclu~
ded thot tho noimal side flow is smooth turbulent. Analyois
of W/D 4, in torms of Renold!s numberg cnd othor nondimon=
sional variadbles lccds King to discovor that a double
logarithoic plot of gdS/v2 agninat Vi/v gove a otraight

1ine of alope (=1/4) . How, if tho friction ractor(a@z )
\'f
for omooth circular pipes of diameter D 10 plott~d agoinot

VD/v , tho Blafino otraight line of rigid = boundary
hydraulico 10 obtuined vith slopo oinuo /L, co tho dig=
covory wag that the regine bBoundary 18 just o genoralisoed
smooth ono, Thus, for channclso with cohosivo oidos, cand
.dunes on bed, and vory omall bod=load chargo, tho
origincl Lacoy oqurtionbocamo gonerali.cd to
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Fb =~ v2,D oot(aow)
dofining bed=sodiment foctor or t'bed factor! |
P, = vy vee(2.69)

defining 'sido=factors
Tho later factor multiplied by P3v , 18 belioved to be a

factor in, but not a proportion to, the square of the
mean tractivo force intensity on tho sidos, provided, as
sppocrs o bo the case in modorctoly well maintained
channels, the sided are hydraulically smooth, and

ve
ans
vhich 15 a goneralized form of the Blasiivs oqQuotion for

3‘63 ( VH 0"35 000{2i70)

smooth rigld circular pipes. The practical dosign form
of oquations are

17} z;: J E Q !oﬁ(207oa)
FQ
FB
.D = 3 F2 ‘ . 309(2071)1
' b
/6 7,112
8 = 0-1,6 -1.(2-72.8)

265
Accordiﬁs to Eq.(2.70) the valuo of Chezy Coefficiont
vithout 1t chorge C, 418 glven by Dlench an bolow

2

E%' = 3.63 ( Y-E’. y W4 .+ {2.70Y)

For large bod=load charges, dunos on tho boed tho constant
3.63 should bo replacad by 3.63(1+ac) or,



/6 p 1112 1/ #3
8 = . vqc(at?ab)
3.63(1+ac) g Q1/6

In vhich the valuc of a 18 a consgtant v'ery poorly lknowm
but rocommended=tentatively as 1/233 for natural sands and

grevels and 17400 for uniform sand such as used in the
classic Gilbort flume experimonts, C 10 a bed~load charge
in hundred=-thousandths by weight. But tho wholo term(1+ac)
10 unlikoly to diffor appreciadly from 1.0 oxcept in
canal with abnormal loads.

According to Blench the shape of the channel cros-
ssection dopends on FE/FB ratio. He propos.:d the shape of
the channel a8  trapezoidal section vith side olopo about
tuo upon one. | |
" The rccommended velues for side f:ctor in design

are as follows:
F,; = 0.1 for bank materials of slight cohosivenoss
Fy = 0.2 for bank matericls of medium cohepivanoss
Fa = 0.3 for bank materinls of hipgh cohesivenoss
Fg = F%a/ 8 for rounded grovol, imbodded in finos with
5light cohosiveness vhore Fbs means the bad foctor
that tha 8ide matorial would have if it wore bod
matorial of ctmall cherge. But this is not accurato.
For tho cohsoive matecrialg, practical oxperience uvith ro=
1 tiv-dy wvarn votor mny bn tronsferrcd to colder vwater, if
chango of temperutura 1o assuned not to affect cohcsiveonoos
Thuo 1if FQ110 a oide factor found suitoblo for a given
matorial of kinenutic viscosoity Veo the secmo noterial

wvould work to o fretor Fnz in vator of kinenctic viscosity
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81~ 2'm2
Bed Factor F,

A « for 8mall chargoe (1) Fbo = 1.9 Idm s in vhich

suffix coro means bed load 18 vory small, and 4, 10
nodian diameter of bod sample in millimoters in sand

range = Tablo 2.7.

1/3
For Gravelo Foo ® Gy

in vhich the proportionunlity constant should be dotormined
from prodominant gravel sizo. Grovels gllowed to canalo
are raro,

B~ for Apprpeciable Bed=Load Charge

(1) For dune in notural bed matericl upto and including
fine gravelsw
Fy, = Py, (140.120) see(2.73)

For coarser notural matericl, the sono formulc may bo usod
rith mental roservation. |
(11) For shoot flov (when tho dunes are vanished) vhich
vill bo assunod to otart suddenly of critical volocity
(GD)V2 althourh there 18 probably a transition otago,
vith unifors matoricl upto cnd including gravols

Fy = 32.2 + 0.06 (C=C) 0o e(2.7W)

Lhoro C, 18 tas critical chargo occurring vhen Fﬁa3a.2
ft/aoca = g or it con bo found from tho Lg. (2.7%) by
1néerting F2 0 = 2.2 fﬁ/soca. For coarsor roatoricl it
chould Yo uged vith montol rosorvation.
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(141) For antiduncs nothing 15 knoun definitoly.

Linit of Bma 'l Chargo

1= If tho bed factor had beon determined by a mothod that

d1é not requiro C to bo knoun the value shoculd bo € £10.

2= Practical vaoluo vith sand canal € £ 2.0
Hatoriol Classification by sizo [ 31]

Material of bed has becn classified by Elonch as bolows

Table 2.7
oy 1RL002 | ool 0al w06 12 6| 2 |6 || >
Grade - »Fino Hed.| Coarse| Fina|llod.{ Coarse| Finc HﬁdaCourégnﬁ
Class Clay sie sand Groval ,1[—;

2.9 QTHER REGIL!: PORULAR

¢Boulders.

Parallol wvith ﬁevelopmanﬁ of roginc methods in India

many neasurcmants of cunals ond rivoer dim.nsiong bove boen pade

in different parts of tho wvorld sinco Lucoy put forward his

corrolations. Anong theso urc thos. given by Ghaleb (Bgypt),
liathouve (Budan), liarcholl HNixon (U.K.), Pattis (Floridn,U.5.4)
Leopold und lioddoch (tostorn U.S.A) and 8o on. |

nobt of thuss p.scoreh worliors throuch out tho vorld

£ind that thoro io a significant corrclation botwocn cach channel

dimension and cquilibrium diocha rge. Tho relations pgiven by

thon have nearly tho sano index of discharge as given by Lacoy,

but tho numoericol constants, harover, show considorcble voriation,
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Evon 8o, onc cannot but fool i:ppressed by‘rommrkablé-unifur~

mity of natural laws=tho data from 80 many differont courcos
yielding similur equutions.

Sone of the nain vorks of these investigatoro aro

bricfly discusscd in subsoquont sactions.

249«1 Egyptian Equations

Ghalcb in 1929=30 publishod a formula for nonsilting
ond ron=scouring conditions a8 bolowt
VO = 0.39 DQ.?3 (in fpﬁ unito) ---(2075)
This looks lilto Kcnnedy's equation, but the exponent of D
i8 highor. Subsoquently this cxponent has becn changed to
2/ 3.
In upper Egypt and Lowor Bgypt lolesvorth and Yordonia,

aftor o caroful aexamination of large nunbor of otablo cananls

recorrasnded tho following ralations:

V, = 0.39 pe/ 3 for upper LCoypt e +{2+76)
V, = 0475 0¥3  gor lover Bgypt e e(2.77)
D = (90603 * 0.725)5 -..(2.78)

2.9.2 lathouts Work [ 337 (Sudan)

lir. linthovs atudied 39 rcachos of tho main cangals
in Oudrn (Gizira) vhich huve boon oporating porfoctly without
8ilt clcaranco for 15 ycars.

Tho dote vhich bho had dnveotipgated woro divided in
two groups, 1.0., onc vad for canals stablo for 15 yocurs cnd

of 10 rcuchos with dloch..rge rungo 0.85=10 n%/ooc, and tho
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other contisted of 29 reaches with discharge ranging from
19 to 120 m%/aec. and have been concerning canals otadle for

3=6 yoars.

The canals vere constructed in soils vhope propertios

are given as belows

Sand and cement greater than 2 m dia. 2.69
Coarse sand 0.2mn to 2 mn B.6%
Fino sand 0.02 to 0.2 mn 23.37
811t 0.002mm to 0.02mm __ 9.5%

Clay Loss than 0.002m: 56 5

The sample of suspended sediment has the folloving properties

Q2 mm . w1
0.0%m =0.2 mm 28.37%
0.0% mn 71,75

The wolume of suspended material has not boon ascertaincd.
fic has fried to vorify the Laceyts oquations as bolows

P = Ko ql/2 v+2(2:79)
4 =k, Q78 .2+ (2.80)
8 = K, A ves(2.81)

vhoro 8 is neosured in cm/km  and Kb’ﬁa and Ks aro constants,
‘Tho avorago values of constantso, tho arithmatic¢ means and

gcattor of individual vuluos frou thedo uecans aro ud follovo:

(table on next
I¢ can bo oeon %ﬁe)ﬁzorc 19 o clooo agrecnont bLotuoon I{p

and Lacoy's value 4.8% , but thoro 18 wide veriction in thoe
voluo of K . Though thoro 1o considerablo scatter in the valuoo

of conatznto for o:ch reach.
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Constants |Lacoy!s No.of |$ of obsorvations within tho follow=
{ Averago) values """ l4dng range of valuoo _

in nmetric egoaeh~

Syoten 5% j08 1553 [2553
Ky = b.91 .8 26 46 73 96 100
K, = 2.6% 3.39 39 23 . b9 7% 100
Ky = 1,05  30.0 39 -3 25 3B 69

He also dotermined the vulue of Eﬁﬁ and Fhs '
Fyp = 04629 and Fpg = 0.623

-

Comzients

The type of soil 1n‘wh1ch the flow took place uas clayoy
vhich has rosistance to Scour and 18 not the sanc a8 Lacey's
proposed, i.,0. incohoront alluviun,

The value of Kp corraegponds very well to Locey's 4 but th-
ore 18 omall va:iotion in Kn and the valuo of K, vordos much

from Lacoy?!s and also had too mach gcattor.

2.9.3 thitets Forrmlao (U.K.) [ 3]

Dr. C.ll.thito of tho Imperial Colloge of Scionce,
London tacklod tho problemo from o dimonsional approcch in

i1939. 140 vork conoiots of corrolating vorious verl: bles
tvhich ho conoldorod a8 dependont and othor indcpcnlent
varicblos, Ho mantioned tho cain indopondont varicbles in
rivoro, tho diochargo M, croin oizo 4, sedinont chargo 1M,
fluid donoity, fluid viocooity v, donoity of tho grain,
chapo of grain , fall volocity of graino as indopendent
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variables, and channel geometry, Slope and velocity

as dopendent variables.

Whito used fall velocity V g» Of grain in otill fluid,
vhich can deseribo tho properties of sediment such as grade
shapo and specific gravity and fluid dcnsity and visicosity v.

He deduced two prima?lg nonwdimsneional ratios for
independent variable, i.c. . and N.

For the depondont variables, he used cross-=goctional
avaf
arca a8 tho dimengionloss ratio, ——% 9 He thought that
Q

this factor can be moagured very ecsily. The functional
relotion 18 thorefore,

5 /5 175, ;
4‘182/ = p (Q?/ Q / ) N vhere H=scdinont concen-
Qﬁl5 - F Vg ! tration.

By using avalilable data fronm river , vith a discharge rango

108, ‘tho function was found to bo near%y indcpondont of N
0

and obtaincd s -&%—i = 2.4 (M )0'22 oes(2.82)
Q%5 \

The othor two variaﬁleo R and 8 yore congidercd to bo

strongly dopondont on Il . Within the range of (estimated as

200 = 1000 ppm) of the available data he obt:ined approximatoly

I - 0.7 ( i /b

& 275 /5

) VG 009
84 0.012 Ws} ¢ 5057 (varies vith 1) ,.(2.8%)

These ocquations can be compared to _iaceym equations (in fps unito)

¢ 209 (varieo vith I) ,.(2.83)



Lacoy!s
0.8
abl“ Q \ 1‘26 Q0.833
A=
0.312 te T
g V,0.22
0.012 V$0.9 1 £7/3
8 = G ﬁﬁﬁ: -
g0+36 ¢0-18 q0+167
v 0.7 vI/¥

oo 1/ = 8 £ = 0.75 i‘{""
@2 10 V20
é1/10

=

The following rosults can bo drawvn froa the above cquationse

1. Similarity of the index of significant voriables with
dfferont dnté and promises of sote support cach other

. Quite’wen;

2e Dué to non+avoailobdility of sodinment data tho cquations
2.83 and 2.84% could not be corrolcoted to I,

3. The channel geometry, moanders, shoating, nature of tho
banks otc arc docidod by values of two fundamontal

25 V15

paranstors Il and G .
vo

Dr. Bharat Singh [35] mndo & 14ttle algobraic
mondpulition 49 Tg.(2.0252.83) of 'hite nnd derived thiso

cquation 0.b32
L,0k *
P = 0 Q 1 --'(2085)

CENTRAL 11SRARY UNIVIRSITY CF ROORKEE
ROORKEE
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The {ndex of this oguation 18 147 lens than Lacoy!o oquatdon.
Ho concludod that tho difforencon worc not oo mach 4n
rodorate dincharpgod and materdial oipo in rogine Fango when
ho tootod an difforent disochargesn snéd 4ifforent notorial oie
soo [39]. But for coarser matorial gave narrow channeld .

209+4 Harohodl Nazon (U0 [[36]

Haprohall Hizon ctudiod tho behaviour of sivers in
- England and valep collocting datn from 11 yivors, Since 4n
a plvor tho diochorge 10 fiuctuating sovorelly and and {¢
40 difficult to docide vhich diocharge chould be polated
to variables. Inglis montioned that thore 10 o dorinant a10e

charge vhich hag the proporties as bolovs
1. Egquilidbriuvm botweon varlous parameters is achiovod,

2« Tho ¢ondoney % be changed i least,

3. 7ho condition 18 the intogratod offoct of oll varying
condition ovor a long poriod of time, and

b, Zho waluo of thic diocharge may bo &7 of tho
di.cchargo.

Leopold © Iinddock cupgestod that rogino conditions
aro attalned 4in pivero for dinchargo having cano froguoncy.
e [liong thoroforc, assumod thot regimo conditiono havo
procuncd t0 hovo boon attoinod in bankful dlochurgo esnGitic
ono 4¢ thoy givo oguni froquoncy. Ho has obtainod tho Pyoe
quoncioo of tho order of 0.65 vhich arc indcpondont of
diochorpgo, oven thoupgh tho ratio of pealt dicchargos to hankful
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diocharges varied vidoly for different rivoro. Thio moano
» that tho flov wva0 oqual or onccofed for tho rivers studiod,
0.6 of timo. Then he hag found thoes rolations

o= 165 02 «(2.86)
D = 0,545 Q:’IS e 0s{287)

¥ s .92 o/® oeel2.88)
A o 09078 v++(289)
vhore,

W = width of channel at bankful dtaga in ft\p‘

D = Depth of channel at¢ bankful stage in £,

V= Mogn velocity ot bankful discharge in £¢/0ce,

A © Aroa of cross-pection ot bankful stage (£%%) y and
Q), = Bonkful discharge. |

The scuttor of tho points pelating to vidth 1o much loos
than, Shooe rolating to veolocity and dopth, tho grontont
_bcing thooo polating to volocitios. Thon he concludod thooe
Fooulto .

9. Tho rivors adjuot thongelveo in width moro reoadily thon
thoy do in dopth and that adjuotment of woloclly and
honec olopo 48 a much slower process,

2. Yroguoncy of banktful df{ocharge ohould bo oono for ol
Pocince rivars.

3.  Valuo of barliful dischavge 10 indcpendont of tho oiso
of catehmont aros and of maninun §iochar(os

b, If tho abovo oguations ars scatinfied, a colf~formod
¥ivor channol will rcmodn otablo or in rogine.
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. The abova formulac opplied only to ¥ivers in Enflond
and Holos, but may be usod for othor rivors with
oimilar sedimant load (Tho suspended co@imont in thogo
rivors voro 27.2 ppa by voight). It 1o furthor noticed
that the gbove formulac givo vory omall width than
aven glven by Lacey for artificial channelon,

2.9+5 Pottic Equations (U.8.4) [3?j

Ho investignted the bdshaviour of tho Menmi Rivor oystca
in U.S.A, and dopived the following equations 3

v = 0,8 Qo°a | o0 +(2:90)
A = 1.25 08 | " vesf209D
R = 9,511 Q°¢3 nﬁ;i{g-ga)
P = 2.45q%7 |

I¢ can bo poon that his equations for rivor gsysten
oupported rogiuc concapt.

2+9.6 Loopold o Modfocks o Equations (U.S.A.) [38]

Thoy colloctod many available data from sirecn 4n
Uu8.4A. to investigato thoe gpplicability of regimo theory

to Amopican rivorso. Tho datn consistod of depth, width,
volocityp, diccharpgo, amd ocucponded loaudo, Aftor annlyoing
thooe data thoy concludodf that muocpondcd 1o:.d40 and choannol
dinenstono aro dircet functdons of diccharge cnd con bo

expraocged 28 followsn g
Y a g QP ees(2493)
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D = 0Qf ves(2.9%)
vV =kq® «s+{295)
wvhere,

L 5B gediment transported in units of wt/unit time.
They made their studies for the following two bonuticnm
¥« Defamination of channel geometry and sediment load at
s station for discharges of varying freguency.
2« Detemination of channel geometry and sediment load
at different stations going downstrezm, for discharges
of @Qual frequency. |

By plotting the dats expressed in the sbove eguations

they found the values of exponents as below:
At a station (AV) Downstresm direction{aV)

v D.26 0.50
£ 0.4 0,40
n Dn% 0.10

The downstrean direction 18 comparable to regime eguations,

Bffoct of Suspended Load

They have concluded that suspended load concentration
increases with discharge. They have glso derived smpirical
quantitative relation among various measurementa of width,
velocity, discharge, and suspended load , They have conw
cluded that depth, width, as well as velocity are functions
of the load transported in tha channel, ’

They plotted § against m/f and have drawn lines
of equal values of b, I'or downstrean condition for w0.5
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od 2w g—:%- , the valus of J was found to be 0,80,

Their indices 'alao corroborate Lacey indices reasonsbly well,

2.9.6 Nedsco Equations for Rivers (North Holand)

Nedeco made a comprehonsive study on rivers Niger
and Benue for their improvement in 1959. He derived an
squation for the channel width 'w', with the following
simplifications [39) . | |
(1) ﬁ'h'ﬁ channel was defined by 'W* and D,

(11)  Charncteristics of material wers condenssd in one
figura, the grain size *ar,
(411) Roughness of bed and banka was put in one figure
’ for which aqu!:vaienb sand roughness of Nikuradse 'K,
wvAS used,
He smployed two following equations,.

(1) Q = C, w.0¥2 g¥/2 (Chezy Bquation) «..(2.97)

# DS
(12) Q, = 6.5 W.td/2 aV2V/2¢ —— = 0.007)  ...(2.98)

{Meyer=Peter and Mueller formula)
vhere C = Chery constant,

P =P
Ot :

# = pipple factor = ¢ fﬁ )11’* )
o

K, = gand iouahnou of grain in netres,

K = agquivalent sand roughness ofthe bed :Ln metres
Q » wWater discharge in m3/sec.

Q = Transporting material in o>/ sec.



D = Dopth of flov in metpraes,

= Water surface width in metres
8 = slope of bed
4 = scdiment grain size, dy, in metres,

By comiining the two eguations ve get,
4 D,B 372
° o, (Tap T 00
Q »n cron e 1 ..(2-983)
6.543/3p1/251/2 sV/a p¥2

" If the value of QEIQ 18 conatant, equation above may e
a function of *Dt,t8f, whon other factors are taken constant.

Dﬁ.fnmntiatmg eqmtzan (2.988)y 1t can bs written,

c
Satn = ‘vzq' 24 +++(2.99)
- 88 w¥ Q

This equation is independent of sand grain sige 'dr, Thus
them will be three equations for finding the ervss-section of
the channel.

1.Q9= cun3-’ '281’ 2 (Chezey muat.ion) v0+{2.97)
2. Q = wad/3 8/2 p1/2 gV/2 g( *,g‘*ﬁ**) v (2.98)
3. 8 X (2.99)
.  on P ¢ 1%,
N g g2 u¥2 g

(Minimum slope equation)
The idea of minimum slope i3 scmevhat consistent wvith

Dr. Bharat Bingh's contention that a eiannel first adjusts
1ts saction 80 a8 to be adle to have a maximum capacity of

movement of bed load and then adopta the necessary slope[36].
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The dpawback for this method is that the selection
of Chegy cosfficimnt 18 difficult to de certain,

2+9.7 Bimons and Albertson's Regime Theory (40,41]

The main objectives of Simons and Albertsonts res-

ench wore a3 belovs
1. To find mothods of designing uniform alluvial channels,

2. To modify rogime theory of India.
3, A modification of tractive force theory and relating
it to regime theory in so far as possidle,

For the above montioned pmrposses he studied and
| a!;z;lyaad the following field datal
e Indian canals {(Punjab and 5ind)
2 United Statoes
4. U.8.B.R., data (8an Luis Vallay of Colorado)
11, Canals, in Wyoming, Colorado and Nebraska
{Authorts data)
i1, Imperial Valley Canal data,

The range and field conditions of data are suzmarized
in Table 2,8. .The imperial valley canals are characterised
by their heavy load of suspended sediment,
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2.9.7.2 ﬁogima Flov and Forns of Bod Roughnoso

In alluvial channel the formo of bed reoughnesd

are o function of tho bud material, tho sedimont in
tranoport, end the flow, Resistanco to flow in alluvial
channels varies botwoen wido limite ond 10 oxtremoly complox.

According to otudy based on leboratory oxporiments
ofnlluvinl channels and the field otudy b provioucly

montionod thoy inforred that the following formo of
bod roughness accurrod for different rogines of flovw
{for woll gradod matorial of 0.2 mz median dia.).

Tranquil flov regime F,<1 (k2] Sedimont Loed ppm
. Planc bed no movenent Ril

2. Ripplo bod ; 0 to 90

3« Ripplo ouporposod on dunoo '

L., Dunos 90 to 1000

5. Trengition from duncso to rapld flow 1000 to 3000

6. Plono with novonont of bod matorial 2000 to 5000

Rapid Flou Py >4

In oncoss of

7. Btonding wator waved and oand wovoo X
X 4000

8. Antidunos
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Thoy argued that tho magnitude of the total
godinont varico vith form of the bed roughness and tho
rolationchip botueon configuration and total sodimont
locad doponds on tho charactoriotics of bod matorial,

channol goomotyy, shoar on the bad and proportios
of cuspondod load. If the vory fino sodimont (wach lond)

oxiot 1in channol 'as suoponded loady; 1t reducos tha
reoiotance to flow and influencon channcl geomotyy.

2594743 Channol Stability a0 Related to Froude Numbop
[;E*u v/ (b ]

According to ficld study of otable channeloc which
wa8 conductoed by thom and pubseguent discussion of
channel stability with othern, they concluded that for
channel to be stable (no approeciable bod and/or bank
ccour or accrotion occuring vith ¢imo) F, must in moot
cages be loso than 0.3 for alluvial matorial 4n the osand
0480 rango and finor Whon P> 0.3 o the bank ocour in tho
otraight reaches of chonnolo and the tends muot bo
gtabllizod ¢to confino Chom o their rightseof way. This
linitation {Fr( 0.3) impliaep that design problam 10 confinod

to tronquil flov rogimo 4.0. tho channel should be dooipgnod
only vBth ripple opr dune fozxm of bod roughness doponding
on channod olopo iimitation dictated by tho torrain and
magnitude of aand 10340 vhich tho channol muot trangport.
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Thorefore the magnitude of sand silt Sediment lond which
can be transported, likewise 18 sevorely limited to us-
| uwally less than 500 ppm. For carrying more load than

500 ppm bank stabiliaing 18 necessary.

They also tried to establish a relation
betwssn sediment load, Froude number and channel stabis
14ty « They mnsde a8 considerable improvement in the
RencheKing Regime slope Formula regarding bed and sid e
factors and variations in the daegroe of bank cobesion.
The regine slops equations recommandsd by Elench
for design tamla is

| Fbsga Fina |
8= ack sss£2.728)
2080 r q'/6
whm,
1077 1
r o= { m—— ) and the basic slope formula
2 ¢ '

c I P2
? - o5 = 3.63 ¢ v ) e s {2.70b)

They examined this rolationship by plotting
V/gD8 wvarsus WVi/v (Fig. 2.8) and found that the
relationship {3 not perfect, The value of ¥ corresponding
to 70° , hzs been asmumad for Indian canals,
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The Punjab canal data yield points that close

to a‘braight 1ine on logﬁigﬁ poper between limits of
10° ¢ - ¢ 107, Beyond,wpper limit, the valus of

va/gns toma are nearly constant and the slope of the

1ine flattens until it lies approximately parallel ¢o
bortsontal axis. The sind data lie more or less of an
extention of the straight line partion of Punjab data and
the Simons and Benders date intsr-mingle with Indian canal
data.

This shows that thé Indlan canal deta 18 close

to stralgh line in range of 10° ---~< 407 + Beyona
Vi/v > 107 most points fall below lbraight 1ine rather

than above it. Hawwer, this nay be a function of cansl
gSanplod.

249474 Analvais of Dats

The tabulated dasic data and parsmeters computed
there from were analyssd by them t0 find out all the para~
nmeters {nvolved in Lacey's theory and Elench theory. The
data of Punjab canals have no average depth on the bed
and average width. They gave only PR and W,. Therefore
the average bad depth was corrslated with hydraulic radit
in Pig.(2.1) and P was correlated with average width from
the data of simon and Bsnder and 8ind Cenals, are plotted

infig.(2.2)« The relation betwsen average width, W, and
Top vidth W, , to De msed in clrcumstances, if it may

ba advantagoous to convert average width, W, to top width




Wy 18 given in Fig. {2.4).

Tho iuperial valley canal data have been plotted
in all figures to show tho effect of hoavy charge to

paraneters of flow variables,

They then plotted data as shown in Fige.2.1 to 2.9
with the data groupwiss to odbtoin the relations. The canal
data weres class ified into following five distinct groups:

A= Conalas with aandy beds and banks or sandy material

Be Canal® with sand bed and cohesive banks as in
Punjab and 51ind,
C= Canals with cohesive bed and banks
D= Canals witk coarseenoncohoesive as studied by US BR

Ew Imperial Valley canal data grouped as B, but
‘with heavy sedizent loads (2000-8000 ppm).

The rolations wvhich they got between P, R,V and A against

discharge are smmarized as delow= |

P =g, 0712 Fi1g.2.3 «+{2.100)
R =K, o0+ 361 Fig. 2.5 .+ (2,101)
v = KB(RZS)d ‘ nsu 2.7 '!(2u1°2)

A =K q0+873 F1g.2.6  we(2.103)
Oa va W 0.37

el -;; - ‘u(’"’&”') Fig.2.8) see(24104)

The vaiuves ef 81 .Kaggjgx“ and 4 ars given below~



. | A B c D R
Ky(PQ rolations) 3,33 .69 2,12 1.67 1.67

Ka(R*Q relations)  0.52 O0.43  0.37 0.247 0.3%

K3(v-nzs ralations) 13.86 16.0 = 17.9  15.8
x,.( atc relation) 0.33 0.5» 0.87 - -
Kg{A=Q relations) 1.07 1.076 = 045 =
Q4 (Index of R%8) 0,33 0.33 = 0.286 0.29

2.9.7.5 Correiation of Tractive Force and Hean Diameter of
" Ped Material .

They also plotted tractive force YRS versus 4
mean diametor of bed material. This correlation provides a
very useful mean of establishing the design slope of
channiels in coarse nonecohasive matexials, provided aize
of bed and btanks naterial can be estimated with reasons=
ble accuracy. The Pig. (2.9) shows this relations.

From this Flgure the folmﬂns facts ars apparnte-

1« A gnncral iine axtonding through all of the data can
bs drawn. There is , however, much scatter about this
iine.

2, Yor different classes of canals, secondary lincs
crossing the major trend line have besn drawn.

3, Roughness of channel bed seens to incresse travelling
from the bottom secondary line to the fourth (top)
sscondary line associated vith sand bed and banks.
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4, Daxnt considor ¢ho five cacondary linogd, t!oﬂna along
thono 14nog in dircelion of increasing choar 44 i8 |
found that canal copacity 1nc;?§umt3¢ Tho point of
ontrene right end chown tho manimum agnd thnt of ante
remo loft of thacy gamo linco corroopondo to minimm
Q nin’

5. Tho XInporiel Valloy eanal data hove not bocn plotiod,

| becaucs of wncortainty rogarding tio m.ean oizo of

bod matorial. |
Jor comdining tradtive fores mothod and regime

thoory, nov it 10 roquired to dotesmine first mean 0is0
of o matorinl, hydrowlic radiug, typo of bank condite
iony and @ fram tho foregoing Pigwren, glving tho poglmo
dotn. Thon from Fig. 2.9 . tho dlope 8 con be found. 8ince
thoro 40 rmch dcattor in valuo for tho cano matoricl,

thio fipurc dves not havo much utility.

2.9.7.6 Sunmory ond Conclution

s Tuo baoically difforont thoorioD currenily
introdueed bocnute of ouporiority ovor othor

ovallablo esioting nothodsn

(1) Tho rogino thoory of Indin ad dovolcrbod by
Kcanody, Lindloy, Lacoyy Boooy Blonch and
othorg, an@

(14) Tho liniting ¢ractivo forco thoory af proposcd
by Lano and othorg,
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‘The regime theory has been emphasized by this paper.

Indian regime theory 18 valid only for the limited
range of conditions upon which they arc based as

followss
(4) Channels having sand beds, and 8lightly

cohesive to cohesive banks, the banks of which
are ususlly foruad by the berming action of
suspended sudiment,

(11) Channels that are not reguired to carry a heavy

sharge of Sediment for sustained period of
tins. The upper limit of sediment load {sand
and silt sirze) that can be transported without
appraciable bark erosion i3 500 ppm.
The range of the data for the first four classes
of the canal given by the suthors are as belowy=

Q varies between 5 = 9,000 ofs

8 varies betwaen 0.000058 to 0.000R8
Rverage width (W) varios between 20t =244 ft.
D varies betveen 2.8 ft to 10.5 ft.

Sediment concentration varies from 50 =500 pr=.
(excluding four canals of class B (2,500~8,000 ppm

largsr part of which must be wash load)).

Within the range of the canal data presented, it 1s
possidle to determine ares, avérago width, top width
bed depth, average depth, hydraulic radius, wstted
perimeter and average velocity with ease and ﬁnctical



12 ]
L — -
- ¥
10~ r
\ : 2
b4
- b
- /@
A
CH 7
V)
- 2 e
= ¥
6 « gl o SIMONS & BENDER o
® L
9 _ SIND CANALS ®
I pd
> fﬂ{@ IMPERIAL CANALS o
aF 3 o8
> 7 |0
T 7
[o]
jé/e
2 —%
v
AVERAGE BED DEPTH FT.
O 1 Il ] A 1 ol 1
0 2 4 6 8 Io 12 VERE

FIG.24VARIATION OF HYDRAULIC RADIUS RWITH DEPTH D

100

200+t

150

T

AVERAGE WIDTH,

1001

FT.

s

e

'

50

o]

SIMONS & BENDER ©
"SIND CANALS °
IMPERIAL CANALS

WETTED PERIMETER FT.

®)

50

100

150

200

250

300

FIG22VARIATION OF AVERAGE WIDTH W WETTED PERIMETER P




000 - ™ 3} ;,:;ﬁ. I oy
P 4 —— - + - — —— + 4 o+ ,I - t
— - + -_ = —t -+ —_—
4t 4 —_— [ s o S R S —— e w = =
4 A SAND BED & BANKS 181 t -1
: B SAND BED & COHESIVE 1 r
N BANKS - L+ : t
P=2.
Z C COHESIVE BED & i 4
a BANKS .
~ _ 0.512
o D COARSE NON COH-||P=333Q
ool - ESIVE MATERIAL \
5 E IMPERIAL DATA
x LIXE B
w
28
(o]
w P -
. [ DER ©
- SIMONS & BENDE
" £ , -
z w go o | csé | PUNJAB CANALS 4
" Palb67Q SIND CANALS o
10 — 4= ] U.S.B.R.CANALS @
=
IMPERIAL CANALS @
= PAKISTAN CANALS +
DISCHARGE Q IN CFS.
, 1962~ 63 .
10 100 1000 10000

FIG.A3VARIATION OF WETTED PERIMETER P WITH DISCHARGE Q
AND TYPE OF CHANNEL ‘

[
|4
L
)
240 > /]’/
e o
_ W=0.92 Wr=20 A .
- _ I
2001 uw e 1
+
Z s T
I60'_ ; T . JUNEE SRNNE SRR S
T _.// SIMONS & BENDER o
Ja) o s P
o pa PUNJAB CANALS  ©
z . >
120 ; -
w | Pd
4 %
o i
w
gof} % | Lo
D O - 2 = T
[ P H
40 1 1 1 ‘l[__”
— 3 L 1. P Sy -
| | I -
] - 11T TOP WIDTH W IN FT. { ! -
(@) ] 1 1 ! 1 )
© 20 60 100 140 180 220 260 30

FI1G.2.4VARIATION OF AVERAGE WIDTH W WITH TOP WIDTH W+




40 T T
[ R I b
20 A COHESIVE BED AND BANKS
B SAND BED AND COHESIVE BANKS A 0.43 G036/
ok C SAND BED AND BANKS A
F | D COARSE NON COHESIVE METERIALS ' in
[ v| E IMPERIAL DATA LIKE B T o
2 g Z30PE L+ =
- Q -
| & o oF eﬂoopf;»,,/
- U A 19 L &ﬂ 22|
-— -~ ,9/ - A
3 ] =r 34| |R=0,247q°3®
a i SR ICH ~
g o SIMONS & BENDER O
ol T 8 4+ PUNJAB CANALS X
0.8 - SIND CANALS é
06 1 U.S.B.R.CANALS °
4 IMPERIAL CANALS @
0.4
02 DISCHARGE, Q
1 a1 1 n 1 T WO A | o
4 10 100 1000 10000

F1G.2,5VARIATION OF HYDRAULIC RADIUS R WITH DISCHARGE Q AND
TYP OF CHANNEL ALL DA‘!"A

S N .; ' i,
A=1076Q° 873 é{
CC/' P
! +
N Wﬂﬁ!/r
| ol |
1000 | & - ' e o
L 2 1 N . (9@1 1
L 4+ —— = orp m
F 9 T f'/ocf_gfililh
S --—+—SAND OR COHE SIVE BED " O P~
; 9 & COHESIVE BANKS COARSE NON-COHSI
m - N “/l y.
430040 177
n —1 11 M_ ) l l l 1 X /9/0
3 8 i &20 PP ]
a SAND BED & BANKS L 87 || A=O-45 Q° 877
f '—“-J‘t::. -+ 3704391' A
C - i 1 JA—) SIMONS & BENDER ©
L < |1 _ ] Q,/
L * .= v PUNJAB CANALS o
-~ N o @
r o © !/ SIND CANALS o
<
- w [T *"*H B - USBR.CANALS )
o | o(
< | 0 // IMPERIAL CANALS ©
10—t -% E —1 =3 B =+ —
R G A o S LAITIE. 4 ]
_J_JAZH:__ 8 M S I ) O | -1 A
-4+ 4 4+ DISCHARGF Q IN CFS |
3 ___[_ 1211l X ) [ i
| 10 100 1000 10000

FIG2 6VARIATIO OF AREA OF WATER CROSS SECTION A WITH
DISCHARGE Q AND TYPE OF CHANNELS




)0

10

NERERER T T [ [ 11
o SIMONS & Bender Coarse non cohesive-
oPunjab Canals -

o Sind Canals | - A

oUSBR Canals |V=17,9(RS )" /°T v
elmperial Canals T l ﬁ/l— )Q
LA ke B P

, LB ¢
/4’}: sro
V=16.0 (R 3\ °‘V% Fﬁ 34
(it V21386(RS)
and bed and ﬁ%° <“Sand beds and banks

—

v

Average Velocity V in ft/sec

n

0O
o

hesive  Dankg o ) -
s Hoe
° o

o RS
0.0C01 0.001 0.0, 01
Fig.2.7 Variation of Average velocity V with RS and type of
channel all data
| T C. V'
| 2 0.525(VW,
11 9 9DS /v
s R § ']Z"FZ._ T T L_ﬁ i z 1
b -1 1ol ‘:_; T
T e
T 17 T e T _‘“%
| Cohesive beds R banks o % %o/ fiﬁ '

h b i i [ °®
g‘S@nd beds & cohesive ban | gds & Banks
O b e T - R —
I ou o T 1.1 L;‘/ i v
(R AT I g N 1 ) oSimons & Bender
|1, =¥ P L T e Punjab Candls

= H—l S i I 11 --H S S ‘ l @Sind Canﬂls
4TT __1;_ I . _*,Iw l JL.[ ) —
| 5 1]
lUb‘ b _l_1 1t 4 xaga .lv [ R R WY WA _ 4 i l 8
10 10° 10’ 10

Fig, 2.8 Varigtion of V?gDS with VW4 and type of channel




80-0

= Tt
[0 SIMONS & BENDS o
_ I
| © BUJAB CaNALS A
® SIND CANALS /
| 1.
0 U.S.B.R.CANALS /7“
A| AVERAGE LINE
T 410-0
7 i
— oz
I g |
5 J
& :
m
R : T
VALVES /" | vz
OF a A g
— ‘ 0> 2 o
d-F 5 |
] A 6 1
% 2 e
APV -
Lo 5 % |
r eeo JI—F >
18 5 NP Ko -
— d — e Y eRY -
<0
11 e <
9 417 l.:(l
5 - s 1o.lo
> BANKS
5 e0s *
® . ®
S LT co
2
i*) I TR
[ ] masve romeen mo wpore
ool 00 [ .

FIG.2.9 _VARIATION OF TRACTIVE FORCE WITH BED
MATERIAL d TYPE OF CHANNEL AND

DISCHARGE @




7%
dogroe of accuracy vith the help of FigC. 2.1 To 2.9

and ogquationsa,

249.8 R.M.HAUXE and D.B. STMONS [ 43]

Thoy analyoof masoive data from labogatory flumos,
canals and rivors, thyoughout the world and propoged o
dosign procodure which doos not involvoe ¢ho provcloction
of roughnoss factor vhich aluayd bFings outl wncertainly
in pobile h:amdnzf chonnola. Thuo thoy gave o preceduro
for design of sandy bed glluvial channoly by moang of
cortain femdly of ecurves by which the dooignor does not
hove %o introduce an additiomal Eource of orror by Cologe
éicm of a mugbnqes fector us.eh probadlo accuraéyu

By cnolyolo of piver, conal and Laboratory flumo
data thoy plotted a pot of curveny vhich chow ¢ho polation
botveon V/V, , tho choar Ronmoldo mumbor V.I/v and AD/D,

{V ond Ry and diochoppgo ¢ and R,
vhoro, ,
¥V o Avorago volocity, ¥ o kincoatic viccooity
Yoo 8h.ar velocity 4 D = Avorago dopth of {lov and
AD o Dopth corrootion,. '
Thdo can bo computed co Lollowos ,
Do Dt ¢ AD , 4n vkich D o dopth of flov f¥oa tho Liocld
Gota ond DY o @opth Cuch that VvDieg o« V9 40 tho volocity
for Cmooth bLoundory condition ond ¢ 30 tho diochargo por
uni¢ vidth,.
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I£ tho diocharpge § o tho median fall dignotor of
bod material 65'0 and tho vator temperature 10 given, i€
40 possiblo to deoign a sand bod alluvial canal, by tho
flosign procodure suggosted by the juthor ao bolows

1. With Q known, ooloet o tontative valuo of tho mmn
ulic radiugy R, £rom the plot of 'R vorcus QY
conceidorping t¢ho antieipated choractoriotics of
the bankt matoricl F1g.2.10. |

Qe Uoin, thin value of fRY; solect o vnlue of depth *De
from Fife 2691

3. Boloot on 4Anitlal ¢rlal slope '8 ¢, baood on pntie
cipated bod materiol diochargo, the slope of tho
ourrounding torrain, the glopo of the ém.ntma
canal vihich are oporating tuccoasfully ot tho
goloetod *R! and othor pulding foctors.

b  Uoing tho oolectod valuoo of R and B, pcad tho volwo
of AY Sron tho corrolation of 4V yporcuo *RY
Fige 86130

S«  Cooputo oshoar volocity Vo = [gRS

Go Coapute &V/ve, VoD :

7.  Computo tho choar Renmolds mumber RO m =§ « Mator
tho plog of VAT  vworcud Yog (VoDy/v) Dig.{2.128)
and £yon  tho cusve of czooth boundary, scleet tho
corpoiponding valuo of Veyvo,

v v
8s Computo B0 °% ° % ¢ and then dotomino

tho avorapgo volocity Vy €0 bo ozpoetod in tho chonnol.
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9 Compute the atream power, vV = WDS,

10. Using the stream power, ¥V and <the median fall
diameter 650’ of the bed material , refaor to the
plot of ¥V versus dg, {Pig. 2.14) and determine
whethay the channol designed will e in reginme in
which dunes extst. If within thig rogime, prceed to
next step, if not roturn to atep 2 and select &
nev R and 8 or both and rapeat the design procedurs

1. Ustng the value of D, 8 and V obtained, compute the
vidth of channel glving the necossary side slopes
designed to st the existing conditions,

249.9 U,8.B.R, Stuaies Lh (Torrsl and Borland)

According to P.¥W.Torrell and W.M., Borland cannls
designed in alluvial soil by U.8.B.R. are class~ified into

twe categorices:
I =~ Those which carry almost clear wnter, and

IX =~ Those vhich transport appreciable sediment load.

The firat category was analyssd by Lane and others
which will bes discussed in detail m'the' next Chapter.

The Bsecond category of channels are designed
by U.8.B.R, with help of Einstein's or some other ssdiment
transport method, But 1t 18 noticed that the existing
sediment transport functions are not very accurate ,

Thus U.8.B.R. [39] prefers ancther formmuls a# balow

V2 o 0555
aas(ny ) 0395

00:{2:105)

D
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Whoro n o poughusos coofficlont, o Sodinent concniration
in ppm by woight, V, = moan £oll veloclty £i/00¢.,

Q = Gominant diocharge (Annual Avorago €idchappo),
¥ = vidth in £10, D o Depth in f£t., oné § = olopa,

Hhcmn o 0, 4.8,y for cloay water, /D, ¢

Thio bringo enothor Grawback &n tho uoo of this formmila,
Tho soloction of accurnte tnvy 40 csm‘i‘.bér Mﬁat&an for
Shio mothod. Hovaver, U.8.B.R. mpko uto of difforont
availeblo dosign sppronchos and cuploy thom 4n combinas
tdon. Thoreforo tho procisionof dooign mothod dopendo
only on judgoment, ozpariongs and &iiill of tho designor.
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CEAPTER o YIY

RATIONAL _ APPROACH

3.1 Gonewpd

One of tho outotanding thwmﬁ&cai npproachon 40
tho thoory of tractive forco. Tho thoory dovolopod by USER
io eommonly roforred to a0 tho ¥Qeaetivo forco® Cthcory,
although o bottor namc vould porbnpo b the wlhrochold
thaory, boenuse A% poetuiates s gronular bed on thrcohold
of motion, Tho ude of tho tractive force concopt 40 not
confined to tho USER theory, 1% 40 alco impliest in Ding
Chients uoe of tho Einoteln bod load function.

Tho tractivo foxee Gooign 40 formulctod on tho
baoto of otabdlity of bar’t and bed o roptod orocion
pasulting £ron Grag foreo onortod on ¢the noving vakor.

Thig corecpt bas deon widely cppldod <o tho ¢hoory
of cadimont trancport and £luid mochanlco both in tho
Unitod Dtaten ond in othor countiles, but only to o 14nitod
ontent 4n sonncetlion with desips of earthcnecanals. UDo of
theo nothod for dosicn hao beon cuggostod by Willion (MG
‘ond  Asoidn SchotRiteh [4g] . Tho lattor cuggeoted that 48
val 800 $OCodblo o give £izcd cnd Qofindto volven O
panrs Groetdvo forco for difforant colls but ';*.ne following
Valuoo, could oorve oo o banlos
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Boil | ' Pomicmbia tructive fore
in Ah/£% :

Loon 0.062

8ang | ’ 0102

Etrong and Loomy foil | 0.082

Courgo gravol | i 0.205

Vory csmpacted coil : 0.256

The foregoing Lractivo =forco concaph wao dovoloped
fupthor undor tho leadorship of Lano [L7] , vallo with tho
mited Statos Burcau of Roclemation (USER) . Tho USER proco=
dire 19 taged on tie ypothoois thet the practical connl
dooign 15 o trictivesforco probleusboyond that, tho appsonch
45 nou ond theorotical » The corrogponding corol asoase
toe¢ tion bhns bsen dovoloped at t¢ho UBBR by tho uoo of Lanocto
. mothod which goos by tho namy of ¢Lanots Thoory*. Tho dosimm
of chonnel 10 Goend by nosuning that tho channel 10 in an
oguilibrivs oSugo 4.0.p & dnlanco botwoon tractive Lomwo of
mmning vator and tho poodotance of motordel fomming tho
boundary of chamnel. Tio 0implost caso of dogign of o conold

oné videh can bo erplicitly colved 10 ono when Q4 & 0 5 1.0
for cleop vator vith codinont on throchiold of potion at ovory
point of tho erdns=Coction,

Lano (kg7 olufided ¢ho Amdcncatslo of ghmnncd

dondpn o find out o mothcoatiecnl colution for tho dosipn of
otablo cinmolo, Ho thereforo syotematiccily anclycod tho faes
torD controlling tho shopo of channol in orodible motorial
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a§ Lelows
1. Hydraulic factors such as sleopes, roughness, hydraulic

mean depth, mean volocity, velocity distribution and
taperature ste,

2« Channel shape, u# bedwidth , dopth and side slopes

3. Nature of materinl transported, depending upon the
#ize, shape, Specific gravity, dispersion, quantity and
material of bank and bed.

Ly Miscellansous factors such as glignment, nommiformity
of flow and aging eto.

In derivation of rational approach the major effects must de
taken into consideration dut the miners nay be naglected.

3.2 DEPINIPION OF STABLE CHANNEL

Lane Qefinad a stable chiannel es follows=
A stadle channel 18 an unlined earthen channel(a) which carre
$e8 wator , (b) the barke and bed of which are not scomred
objectionably by the moving water, and {(c) in which objection=
adble deposit of sediment does not occur,

Thures distinct classes of instadility have been def=

ined by lLane as followss
1+ Channels sadbjec ted to scour that donot silt,

2+ Channels in which objsc~ticnal deposition occurs dbut
do not scour, and
3. Channels in vhich objec tional scour and silting doth
occur,

Case I » Ciass 1 occurs whon the sediment frse water is present
in a channel or the sediment carried is very small {n quantity
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or Oo f£ino that thore 10 1ittlo chanco of 4to pgotting doposie
tod. Thio class of inotabdlity 4o the gimplest of tho throo
propocod and fortunaColy o 4t 40 alco the one of primary
4mportance, 0inco moot of the precent and futurc cansl prode
1cas are and will bo cloarewater problcno.

Cooo T2 Tho 0ocond closs of inotabllity (dopooit without
pcour) can only bo cauoed by the ocdimont brought into tho
canzl with fioving waler or that geourcd from tho banko and
Bod of an wpntzonm channol. An oxamplc of this cnoo 10 a
linod canale oF a conal cut through a ocour-rosiotont matorial
into vhich the large Quantity of coaroc naterial ontopso with
ingloving vater.

Coce IIX = Tho third class of ingtabilicy (oeour and dopooit)
usunily ocourd then votor containing large quantitiocn of oo
a¥fo Codimont énﬁarn o canaly the bank and bod of vhich aro
conpoocd of material which has 14%tlo recistonco to Coouss

3.3 PREVENTION 0F TIBTABILITY

Yor provontion of inotability in tho L£irst ¢loso only
analyocio of ceouring action 48 nocossnry.

For provention of cocond olaso of inotabiidty, it 4o
nceodcaryy €o bo ouro that codinont brought into Cho canal ot
the wpotoenn enf 40 enrpicd out ot dovmotroom ond. For thio
problca tho tagie annlyois of sodimont tranoportation 10 ro=
quircd. ¥ho provention of indtabdlity in tho third claso
involvoD an onalycio of tho combination of seour and tronce
porintion prodlcaa,
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3.4 THE MAIN PACTORS TO BE CONSIDERED IN DESIGH PROCEDURE

8e Dibtxibutiqn of tractive force ovor the channol poxiphe
ory for differont side slopes with Qpeciai cophasio on
the nagnitude of choar oxorted on the sides ag compared
to the bed, _

bs« Rolabive otability of poil particles on the bed and on
oloping oidac of the channol, and |

¢. HMagnitudo of oafo tractivo force for Aifforont mean oisgo
anﬂ grodationg of non=cohesivo materinlg.

3.5 FORCES CAUSING SCOUR

thon vater flous in a channol, a force i doveloped
that acts in the dircction of flow on tho channel’s poriphory.
Thia force, vhich is oimply the pull of wotor on wottod aroay
is known ag the tractive forco or cheuar drng or drag foreoc.

Tho £irst otep in analysing the problcm of ocour in
canald appears to bo & considoration of the foreos gausing
such n Ocour. Bcouwr on the ba@ and banko of cannlo ocours whon
particloes compooing the 0idos ond botton arc aeted on by forcon
cufficiont to cauwoo them to mova. |

As mentionod [49] vhon a parﬁicio 10 resting on tho
lovol bottom of cannl, the foreco, acting to couse motion 40
thot forco cautod by tho motion of wotor past tho particle,
I ceour 10 Lo bo proventod, ¢hio notion muost not Lo wapid
cnough to prefuec forcos on tho particlos that cufficicntly
inpgo to caugo it to mové.

If tho particle is on sloping oido of o conoly 4%
10 notod on, not only by wntop, but nlco by fpreo of gravily
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vhich tonGo to moko 1% roll or olide down this olopo.Tho
forco counding tho dovnward notion 18 the componcnt &n tho
direction of tho olopo, of tho forec of gravity meting on
particlo.If tho rosultant of the force cousod by the motion
of tho water and the cumponént of th>y force of graviity acting

on tho particlo 40 largo enough, tho particlo will move. Fop
 the particle to bo moved vhon cohssion 10 presont, tho forces

ae~ting muot be oufficiont to Jovercoﬁo thio cohosion alco.

3.6 TRACTIVE FORCE DISTRIBUTION

Tho conecpt of tractivo forco 10 gonorally beliovod
to have beon introduced into hydraulics litoraturs by du Boyo

in 1879 [50] . Hovovor, the principle of balanoing this foreo
vith the channel rosictance in o uniform flov wao otated by
Brokat carly in 175%.

'Tha choay oy tractive foree 10 ogual to, ond in tho
onpouito Giroction from the forco vhich the bod oxcrio on
floving wvator. If no forco voro oxoypted by the barho or bod
on tho wotor, the wator would continue to aecolorato as would
o £rictionloos ball rolling dovn on 1nclinoﬂ plono. In o
tdform channol (having conotant olopo) in which tho wator
40 poving ot obochy unifbrm oy tho vator 10 not accalorating

SoUCZy the fopco Cont@ing ©0 pocvent nbtion 10 cQund o fLoreo
enuning notdon. Tho tractive forco undoy theso conditiono 4o
thoroforo oquel ¢o tho foreo tonding to couve tho vator to
covos Thio ﬂnrcb 40 ocgual to tho offoctivo componont of
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gravity forco aeting on tho body of vatorp parallel to the
charnel bottom and ogual to YA 18. Hbore 8 o aino of
the angle wvhlch the bed palioo with horicontal.
Y, %0 the unit voight of watory, A 48 wotted ayea and
L 4o ths longth of ¢ho channcl »0ach, Thug the avorage voaluo
of the tractivo forco por unit vetted arcs, or £0 callod
unit tractive force ¢, o 10 equal to 'rvm.e/ PL = I:;?Jus‘3
vhora P 10 ogual to woilted porimoter and R 4i¢c the hydrouldice
radiug, that 13, | |
Vo = Y, BE eea{3:1)
In o wvide open channol, the hydroulic yodius 10 ogual to tho
gepth of tho flow, ¥ , honeo, | |
Vo= N B : eee(3e2)

It chould bo noted that tho unit tractive foree in chermolo

excopt for wido open channolg, 10 not wnifornmly diotributed
nlong tho wotted porinotor. Hany attempts havo boon mado te
dotermino. thoe disctribution of trcotive foree in o channol.
Lodghly (517 attempted to dotommine this dictribution in mony
Orapanoidol, soclongulnr and tricngulor channels from publis
thed dota on tho volocity diotyibution in tho channclo,.
Unfortunataly, oving to doficioncy of data, tho rosults of hio
o%uGy woro not vory conclucivo, In tho USBR Oloon anéd Florvy
(527 an@ othor ongincors have uped neabrono onalogy, nothod of
ginito difforcneco for Sroposoidol ooction, cnd mathamatienl
for rootangulaer cnd teiongular channolo. A tupdeal dictribution
of tractivo forco in trapczeidnl chonnol, rositing fronm
ncabronoeanalogy Otudy 4o chowun in FPig.(3,1) .Tho pattor of
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a4otsibution varieo with shopo of tho coetdon but 16 practie

cally unaffoctod by the oiso of tho foction. IL mecand all
canalo having the oomo Patio of bod width, b, to depth tyv

and tho sam sido olopoo ¢ tho tractive foreo distzibution
vould bo oimilor, that 4o, ¢tho traetive fooce at any point

&n one crofo-cection will be sinilar to thot at any othor
point in corr:sponding position &n odnilop ceetdon, Thus

if the <ractive forco diotribution in any channol can %O
doterninod, the diotribution will bo the ocame in any other
channel of aimilaé epoe=goction and rﬁugﬁneaa distpibution
Tho awmilarity of tho diotridbution 1o not only teuo in tan»
pogoddal channels, 4t can be appliod also to other channel
shupote. Baped on such otudies ourves (Fig. 3.2) shoving the
panimum unlt tractive forcoo on tho 0idon ond dottom of varis
ous channol oections havo bo.n prcpared for uo: in canal Qoocign.
Gonernlly, Opoalting, for tho tropogeidal channolo of the ghopos
ordinarily uood in canclo, the naxfmm tractive forco on tho
botton 10 clooo to tho viluo (Y y8), and on the oido clooo o
0.76 YyS.

3.7 ZRACTIVE FORCE RATIO

Conoddoy o grain rosting on o ﬂlapevaﬁ ongle @ to
tho hordsontnl. Fig. (3.3). Thoro arc tvo forceo acting ¢
tho tpactivo fopeo ov, ond tho gravity forcoscomponent ¥y oing
vhich tondo Co caugo tho particla to roll down tho oide Slopo
{53, 5, 49, 551, Whoro a » offcctivo aren of the pariiclo,
vy = wit tractive forco on tho oido of channol, U, 40 outorged
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voight of the particlop, and é s anpgle of oide tlope., Tho
patultant of thobe tvo forgos, vhich arc ot ¥igh? angles to
cach othory is

Po ng oinde ¢ aavg

When thia force 10 large endughy, the particlo vill movo.

By the principlo of frictionsl motion 4in nochanice, 1t nay bo

aosunaed that, vhon ootion 40 imponding, the rosiotinco to tho

motion of the particio 18 egual to tho foreo tonding to cauco

the motion. The pooigtance to motion of the particle 15 normal
force ¥, cos %Y ofltiplied by coéffi_ciont of ‘friction, or tanp

vkogoe § 40 tho anglo of ropose. Thon,

H,Co80 ton # = Jﬂg 84n o ﬁ%ﬁ ‘ _ | bn‘c3‘3)i
oy Hy |

D ese(3e)

vy 40 wnit tractive forco cauoing imperiding cotion on ocloping
gurfaco, | S |
Pron tho rotion of particlo in lovel bod in imponde-
dng otage by tractivo forco oy, vo obtain from Eq.(3.3)
vhon O = 0 '
Hytan 0 = o Y
oOF ¥y O .l.:.g..s ton P ' SR ","\‘3'5)

vy = unlt troetivo forgo cgusing impodning motion on lovol
bod ourfaco, o

Tho ratio of v, and ®3, 40 callod tha traetivo foreo
ratdo. Thio faoctor 48 vory irpostont foy dooign purposo.
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v | tan®e
Re "g' o cOo0 8 J1 B ereri— ’ ®0e .
e ton (3.6)
opr K = . mae . lsv(ao;) ‘
a1n% (8

Thio ratic involves only the onglo ¢ sido olope and tho
angle of ropoge of material(p; .« For convonlonco in £find-
ing the valuo of K Fig. 3.6 40 procpared,

3.8 AUGLE OF REPOSE OF RONCOWDSIVE MATRRIAL

A ptudy vas wado of this subject, bogiming wvith
thorough roviow of availablo portinont litorature. Thio
. review was folloved by a limited mmber of laboratery invege
tigation on a large zimbex' of otock piles of vorious gipe
of matorial and at mravel vashingeplant,

The ropultéo thoved that, for large oizog tho anglo
woro not malopially differont for tho various conditiong of
otocldng in air or wator, but for the sand oizop thoso condie

ton hnd more effoct. Tho avorape rooults of all oboorvati=
| ong of tho anglo of »opodo of otoch pilen at gravel waohing
plants aro shown in Fig. 3.5. Although tho data chows that tho
- onglo of ropord dncrongos with both cize and angulerity. Tho
curvco  choy valuas of angle of ropouc for noncohotive natore
S0 CTTUO 0.2 4R 4n ddcnootor foy vasdous dogyco of youglnonp.

Tho dienotor roforrod to 40 tho dicmotor of o partie
cleo thon which 257 (by woight ) of matorial 40 largos,
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For cohesive ond f£ine noncohotive materialo, the
cobanive forcos, even with comparatively clear water, bocomo
So great in proportion to the gravity foreo componont
cauoing ¢ho particlo to roll down that the gravily foree
can Lafoly be noglectod. Therofore, the anglo of ropofo nood
be gcontitdored only for coarso noncohosive matorials.

3.9 PERMISCIBLE TRACTIVE FORCE

The pemisoible Cractivo forcoe or limiling traetivo
force 18 the mazimua unit tractive forco that vill net caudo
sorious orooion of the moterial forming the channol on o lovel
gurface. Thigs wmit tractive forco can bo doterminod by laborn-
tory experimonto,; and the value of thus obtainod 40 known as
eritical traotivo forca, A vory thoreugh study was carried
out to dotormino tho limiting Crpactivo ofyess in ecananlo,

The recomacnded valuoo &epondn on tho typa'af'mntorw
201 n which tho conal 10 flowing. Howovor, oiporlcned
hao ghova that tho cctual canal in coarsc non=cohogivo matos
rial eon otand oubotonticlly highor valuos thon eritical
tractive forcoo moasurcd in laborntory. This 49 probably
bocauge tho wator and 0oil in actual canalo contain olipht
cpounts of collofdal and orgaonic mnttor vhich provide o binge
ing povcr and clco beennco movenent of o1l particlos con
bs tolorated in practicol dosigno wvithout ondnngoring ehanno!
otcbility, oineo the pormissiblo valuo may bo tokon looc
thon tho eritical valuos -

Tho types of tho matorial in vhich canalg, aro
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conotructed arc divided ao follownw
1. Cooroo noncoheslve matoricl,
2+ Fino noncoliooivo natorial, and
3« Coheoivo matorial.

In tho £irot c¢laoe of natorial tho nothod outlinod gbove 4o
directly applicable. Tho USHR hno mndo o cemprohoncive otudy
of tho problem, ugsing data for conrfo nonecohooive natoriel
obtalnod fron enperimen%b in £1f%oon poachos of tho con
Iuto valloy eannls, hoving discharpes ranging fron 17 cu.fe
per goe. to 1,500 ofo, and plope from M2 £6 yerrmilo to 59 %
per milo [k8]. The resulto of moasurcments are cummarizod 4n
"Fig. 3.4 o Tho pizo nged for comparicon wvas that oizoc of vhich
25% (by welght) is largers Thio 16 because it was cmpoctod that
the water with hipgh teactive forees, in flowving through thego
canalf, would ramove all the noterinl boleov a cortain pizo.
The limifing oteono in 1bo/ofe on lovel bod 48 dotormined frem
the pelationschip C.% tines aaB' in inchoo, vhich 18 proctically
the critical otro00,

For tho dooign of canals in colpoo  nonscobaoivo natoe
rial, onao must conoidor not only tho limiting tractive forego
on tho Botton dbub alecy the getlon of the particles in rolling
dotnt Cho floping oldos of tho canol. Thio involves tho cngle
of #cCpco and value of Ke Tho tractivo foreo diotribution and
hydsaunlic toupghmoss 10 aloo vory importont.

Plogaro (3.4) chowo ¢ho data obtainod by USIR om tho
canolo of tho fon Luio Valloy. I¢ wao dovolopod for tho matos

finl having opocific gravily of 2.96. If uood for natopinl vith
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approcinbly differont opecdfic gravities the traoctive

forco for o given 0ig0 muot be multiplied by tho ratio of
the auhéaergod wit volght of tbﬁ other material to the oube
porgod unit voight of the m&tnrial having a opocific grovity
of 2,56, In the cade of porous matericl tho Caturatod unit
voight should be uced. Since most obsorvetion points foll
olther above or very clooo to lino 4, thorefora, 4t 1o truo
Aimiting valuo, For oufficiont factorafo aofotyy tentatively
lino B was pecommonded for dedign purpofod,

Canclo 4n fine, nonscohooive materigl are intope

- mediato botween othor two clagseU. In this class the offoct
of tmall onounts of cohooivo oedimont in the water or in
the matorial thyough whieh eanclo flow becomeo important.

Bagod on o congldoration of all ovailable dato tho
boot m@c;mmndmiana vhich can be made for aanﬂa conotrustod
4n fino non=cohooivo matorial age thooo given in Tablo 3.9,
The compariton of thoso pecomiendationo vith moot of tho
data ovallatlo ne of 1952 A0 Shown 4n Fig.3.7 . By high
contont of fino godimont 48 moant a lond of 25 op moro of
01lt and cloy cico on on avorsge of two or thivo times o
yoary vwith o lov conctant of onnd. Unfortunntoly, suffie
cicnt information 40 not avollablo (ao for 1952) %o oot
1ini¢ for tho nllovnblo cand contcnt. thoro much cond 40
carricd, thio nothod of analyolo 40 not applicablo. A
lov content of Kdno podimont 40 dofined oo a contont of
043¢ and o ¢loy 0iso yoaching 0.2 concontration of {ho
avorage of two or throo timog o yoor. Tho fond content
ahould bo vory low,
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The modien 8izog or siso of vhich 508 (by voight)
46 lapger speeifiod for the fino nonecohosive patarial io
chooen. But for coarso nonecohosive tho pizo of 257 largoer
0130 10 chooon. In the vicimity of 9 mm olzoe vhiceh walo
comovhat arbitsarily seloc tod ao dlvidion botwoen thoos
tuo classes, vhichover classification glvo the lowor Upace
tive forco 18 choson.

¥hera the canal 18 conatructed in coheoivo matorinl,
tho purtdcles apo provontod from rolling down by cohation,

Heneco, the part of cnalynio 48 not opplicablo. Zhe decim,
{horofore, involves only the diotribution of tho tractive
forco for natorinl in vhich the canol 40 congtructod. ﬁa
thooo conald the hydraulic roughness 1o not o function of
tho oino of tho particio dbut of tho surface irrogularitios
on tho banko and uﬁuallyvof‘thn ripnio formation on tho bed.
Toxr tho doodgn of connd n thio ccloo the only dato fafo on
tractive foreo avoilablo (oo of 1952) are thoso obtained

Yy convorting iimiting velocity. Thoy are glvom in Tablos
3429 3,3 ond 3.4

3,10 LIITITING TRACTIVE FORCE FROM LINXTING VELOCIZY

Tho Gata for critical tractive foread obinincd from
laboratory aro opplicable to tho capto of convco nonecohostivoe
natoriale But tho rooults of thooo ogporinento chov that tho
liniting traetive force aroc more thon thot ahlova in laboratory.

o lahoratory dato aro availablo for linmdting Srace
tive forco in eohorivo materianl. For both of thoto ensol tho
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only moethod of dotormdining limiting=traliivo forco 1o
the limiting voloodty which thege conols gustain . 8inco
the volocity 18 not a complotely rational parcmator 4n doe
termination of Ocouring, thorofors; thego volocity datn |
are not entdrely catisfactory. Thore aro throe coure2s
| of linmitingevoiocity datas
1. B.A. Etbhovorry data [567 , Table 3.2
2. Moosero. Forticr and Beoboy [57] , Table 3.b

3. USSR Data [ 5.8] o Tablesld.3, 3.5

- The dnte in Table 3.2 18 mot relatod to the olzo of cangl,

\'" The dats obtained by Hoaors Fortior and Scoboy (Tablo,3.k)
'«,axa for n *depth 3 £t or lesot. They puggest thaty for dopth
| \g\raater than 3 £4 a moan velocity greatexr by 0.5 £po may bo
allewed. They aloo otate that the values are applicable to
canpls with long tangents prodoninating through thoir length
and that for canald in oinuous of oligmment o voduction
of sbout 25¢ 40 pocormondod, The voluct aso for canols

vhich have doen fagedt.,

Tablo 3.3 ohowo Ruosion data giving tho pormiooiblo
‘voluo for pronmular matorinl of vorioun @lanotors, for o
n-cn €opth of by, ond for vater carrying leoo than 0,15
of ccdinont of lese than 0.005mm 0iso. For othor mocn deptho,
¢ho velu 0 4u Tablo 3.3 can Lo muitipdded ty tho fuctor Chowa
in Tablo 3.3(a). It 1o also otatod (58] that tho pormiocoiblo
volocity in Tablo 3.3 ean be dneresp:d by the follouving
poreontages for flov containing from 6.1 to 2.95 of ccdiment
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«085 than 0.005mm in diameter, from 25% to 457 for oand,
from 105 to LSJ for gravol, and from 07 to 25 for pobbles.
For éohoaivo matoxrinl the values aro given for i  noan
dopth in Table 3.5 and correction in Table 3.5a.

To convert tho valueo of limiting velocity in ths litorae
ture into ozactly equivolent values of tractive foreo, it
18 necessayy to knov tho sigoy shapo ahoﬁr diotribution and
onorgy gradient of tho channels to which thoso voluos apply.
Boacauoe thase data are not g;veng it 19 necessary to malto
cortain asoumption rogording them, A canal with a 3 £2 depth,
botton width OF 10 €& and otde slopo of 1% %o 1 had boen
used and vith the help of Manning formula the enorgy slopo
vas detorniined by Mr. Lano.

3:11 CAIAL CARRYINUG H. AVY SEDIMENT LOAD

Tho principles for decigninf of canals with hoavy
ocdiment losdd aro a8 followns If approciablo qunatitioo of
occdimont aro introduced in tho canal vith the vatory tho
otobdlity of canel will dopond on tho fact that this soGinent
10 carriod through ths canal without depooit,

N0 10 the connh mot be abtlo to trﬁnoport tho
ccdincnt vhich 40 introducod into it. Usunlly the greatoot
4igficully 40 oxporionced in trancporting tha cand conyso
0izoo of notorial.

Boeauoo noot of thio nateorial travols noar tho
bod , o otablo chonnol st havo pufficiont shoar aeting on
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tho bed to transport ¢hig lond. At tho some ¢ime, hovevorp,
the shoar on  the pides must not bo groat enough to scour
the ofdos, Alte the chear on the bottom mutt not be so
much groater than that roquirod to trancpoyt tho cedimont
that ocour of tho original matericl of tho bed rosults.

If large quantiiios of fine sedimont aro corried,
tho ohear through the ocoction must bo sufficlont to keop
thio material in sucpenstion Lrom deposition . The ghoar,
'houavor} must not ho of such a magnitude thuyt scouring of
the original material will ocour. If both'fine and eoarse
antorials are carried by channol in appreciable .'«auanaty,
thero mugt de enough shoar on the bed to cause the trang-
portation of the conrgo matorisl, and onough ghear on tho
banke to provent the depopition of the fine matorial, but
not enough to eanoe the ccour of matartol forming the banko,

Thus tho lawo of sodimont trondportaticn, aro vory
important in abloc channel problem, but thoego arc not
comploto and ntill renain ta ‘be accomplichod.

_ 3.12 EFFECT OF BEIDS Y

Canolo of USER havo boon dosigned to init tho
radius of bondo o cin tinecs tho vaterecurfaco width oy
gifecon ¢iuwo thy wator dopih. |

A mubor of othor ouggoostions have boon.nodo [56]
Tho ceour on bendo con bo roducod by loworing volocity of
flov . This can bo dono by incroag ing cannl srea ond honeo
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lorgor cost. It vill be moro economical to allow tho scous
to bogin and then otop 4t by protecting tho banmkd ot tho
points vhora the ocour occurs, rathor than to utoc largor
eroooegection nocenoary to incuro that no scour will toko
placeo.

Tho values of lingting tpactive force are given for

- piraight canaia. Tho corrcotions for dbendy are givon in

Table 3.6 In order %o dofino tho popndng of thote various

dogrecs of olmuoucity, She following may bo woofule

1e Btrniahé canals have straight or clightly curved align-
nents , a8 18 typical of cdnala in flat plaing,

2. Bidshtly sinmwsus conals bhave a Qogrec of curvaturo
which 10 typlesl of slightly wndulating topography.

3.‘ Vodorately sinusuo canalo have a dogroo of sinvoullity
viich 40 gypicnl of modoratoly rolling topography.

b, Very oinvoud canald bavo a condition of curvaturo
whach is typical of canals in foot hillo or mountainous
topographys

The valuoo aro bagsod on Judgement rathor than
oboorved data.

3,13 107 SCOURYIG CANALS OF MINXMUM EXCAVARION AND 1?19@?

In aqoianing otchblo cbannoia tho teopotoddzl coction
vacs found tho tractive forco mado ogual ¢o tho pormiooiblo
valuo ovor only a part of tho poyimotor of the poction,

Poreeg of looo magnitudo thon thece aeted on moot of tho
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yecimoter, In doveloping a oOtablo hydraulic section for
maxinum officiency, it 18 necussary to 80at&cﬂy the
condition that irmponding motion shall provall evoryvhoro
on tho channol porimetor. For material of wvith a glven angle
of »oposo and for o glven diochargoe, this optinun Coction
vill provido not only tha channol of oingdy wator aron,
but also the channol of ninimun top vidth and naximum nean
velocity, and minimum oxcavation . Tho shape of the channol
10 dictoted by tho follouing assumptionse

To

2

3.

b,

At and above tho wator surfaccy, the side slopo 15 at
the anglo of repode of the anterial.

At points botusen thoe contro and edpge of the channol,
tho particled are in gtato of incipiont motiony undor
the gction of the rosultant of the gravity componeont
of particles, cubmergld wolpght acting dowm thooido
olopo and tractivo forco of the flowing woter.

At the contrc of the channel the pido dlopo 40 saro,
an@ tho tractive force alone 1o suffieient to couco
incipiont motion, |

Tho particlo 10 hold againot tho bod by tho componont
of the gubmorged waight of the particle, acting noraol
to tho bod.
Tuo tractivo foreo ca gny arcn 40 cqual o tho componont
of tho woight of tho wator above the area in the diroe=
tdon of flov. Undor the £irast threo assumptiono thoe
particlos on tho ontire paerinetor of the canai 50 00°
psoetion o0 in o atafa of imponding quion. If aosupe
tion 5 413 to hold there can be no lateral'trnnafor of
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tractive forco botuveocn adjagent currents moving at a
difforent velocitics in tho goction = a situation, bowcvor,
that nover actunlly occurs . But ntudies showod by mathoe
matical annlysid in Buroau that the actual tranofer of
tractivo force hos little offect which can safoly be ipgnored.
The dotailed diocussion of this 4o found in [597]

The eritical shepr stress, ¢ on the side olopo
of angle 0 to tho hbrizontnlg 19 related to the critical
ghoar stress ¢, on a bod vifdth no side clopes by on
oquation dorived o alrendy,

LU coy © J" - g—?;nma-.i- \ §Q0(3§6)
Te tan®p

If 1t 410 nooumed that tho lecal value of shoar otress ¢

io diroctly .proportional to local dopth y Fig. 3.8. Eqﬁation
(3.6) yiclds o y=® rolaotien that can bo intograted to pgivo
the folloving =~y ogquation

y X ton @
— & o0 'ouu(3!? )
Yo Vo

00 that tho requirod profilo 10 g oimple cooina cureo. 4
furthor intogration chowd thut tho aroa, Ay of the croos

occetion 40 cgual to 8?3
“o

A @ vee(3.8)

tan ¢

A dlight optonoion of tho ¢hoory plves an oxprossion for
votted porimotor P. It 19 cquol to = '




23

. , bid !
-0 ° J¢and
2 S J 1+ (ay/ex)8 &z = 2 S J‘i@-tanaﬁnnina (534
0 o 7 7o
s-on(Bn?}

X tan §
The subptitution « = '

- o end sone furthor manipula-~
o .
tion leads to the intogrnl '

Yo 7/2 ‘ . .
m S J i~ GlnaQ eooad Qo ves{3.90)
G }

Because tho limits of intogration are ¥/2 and 0, co0s may
bo replacod by 0in?%  without changing the valuc of integral,

ay v/a
ooy | 1 oo oinds ax
0
Tho integral 48 the standard complete eliptic intopgral of
pecond kind, ucunlly denotod by E. Foy any glvon valuo 9

i%s value 18 roadily obtained from tablos. Noy

P o a ygE »9»(3’11)
cind
Honce tho hydraulic Padiug, R ogqual fo
A ; Yo €00 O
R =« ; =/ 235 oin m - ——9-...-.....-....... n-(B.‘i&)
tan @ 2 Vo B | B

Tho koy valuoo for 6 = 35° may be computod,
vy ‘

Burfaeo vidth ”0 o 2x0 = -—--2» =] !h‘,‘l'g yo pap(3013)
tan §

Ayong A o _ZB. 4 o @ 2.86 y, vool(3.9k)

ton § 0.653
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' B 1.432
Pﬂmotﬁr’ Pe 33'0 =] ﬁ““—-— 8 ’*‘*99 YO ‘9‘(3'15)
aing 005710
w05 7, 041

Hydraulic RadiuoR =

E orn % 0572 7, «.(3.16)
The yr-re rolationohip which leado to Eq. (3.7) doos not
uniguoly dofinc a comploto channol section. Tho ya@ oguation
would ba oqually caticfied by inoartion of a Ooction of
constant Gopth botwoon the two curved bankto (Typo 4) or
by removing o ooetion from tho centro (Type C) in Fig. 3.9.
Typo B of the dovo curve consists of tho comploto curved
barlt vith © = 0 ot Yp,2 ¥ » but wvithout a contral incort.
TABLE 3.9 |
TENTATIVLLY RECOITIENDED LIMITING VALUES OF TRACTIVE FORCRE
POR CANALS  IN FINE NONCOHGSIVE MATERTAL

‘ sy
Hodlan Siso Lintting Traetive Foreo lb/eq,fﬁ
of natorinl in
 =;n Cloar wator Ligbt Joad of |Hcavy load of
fine ocodiment |fino oodinmont
0.9 0,025 " 0.050 0.075
0.2 0.026 0.052 0 0.078
0.9 0.030 0.055 0.033
1.0 0.0k0 0.060 0.090
- 2.0 0.0¢% 0.C30 0,590

5.0 0.1k0 0.965 0.985
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TABLE 3.2

COMPARTISON OP ETCHEVERVY*S MAXTIHUM ALLOUABLE VELOCITILS
HITH T.4.CTIVD FO.CR VALULS

Values of | Volocity Tractive foreo
Matorial Hanningln) £po 1ib s0g.0¢%

Vory 1ight pure sand 0.020 0.75<1.00 «  0.006 =0.0%4
of guicl: sand char.ctor ‘

very 1ight leose 0.020 1,00°1.50  0,011°0.025

sand |

Coaroe sand or ;}.ig;ht ,  Efhen Of

sondy cotl 0.020 1.50°2.00  0.025-0.045

Avorage sand coil 0.020 2+00%2.50 0.0L5=0,070

Sandy loam 0,020 2.50=2.75  0.070+0.08%

Avorape loon, alluvipl "

Pira loon, clay loom 0.020  3.00=3.75  0.100%0,157

8t42feloy Coil, ordinary

grovol coMB 0.025 4.00%5,00  0.5278~0.434
Coarso Gravel, Cobblo

and Bhincloo 00339 5.00=6.00 Oi&M'QOB

Conglcaoratoy, ccaont
grovol coft otato, tough

bardon, 0oft scodimon= 0.025 6.00+8 .00 0.627=1.11k
Lary Baci
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U85R LIMITIIG VELOCITIIS AND TRACTIVE FO.CEHS IN COHTSIVE

MATERIAL (SAND CQN"ENT LESS THAH 5050

Compactnoss of boed

Doseriptivo torm| Looo e

Deseriptive tormm
void Ratio

Loogo
200"1 ba

Fairly
compact
.2*0.6

compact
0 6"0.3

Vory
compact
0e3~0.2

Principul cohooive Limiting moan vclocity £troec.and
Motorial of bed Liniting tractivo force 1b/ooc.

£t/ 80c] 14t t{rwam ibsoft ggé

1bsaft] 1broc 315 /oLt

0.0k0 2.95

8and W(md 1.k %) 26 5at 0.
eantenﬁ(ﬁﬂ%) 8 57 26 .327 5.90 630
Hoavy clagey - 1.31 0.031 2.79 0.1 14,10 .305 5.58 0.563
soilo | '

Clay 1215 0,024 2.62 .24 3.9% 28 541 - 530
Loan clayoy soil 1.05 0.020 2.30 .096  3.bb + 354

21 L.43

U853 CORIECTIO!S OF PERMISBLE VELOCITY FOR DEPTH OF COHESIVE

MAT RYALS
T T " AVBANG:AL DEPTH
notors 0.3 0.5 0'75 1.00 1 050 =20 205 '3.0
Poot 0.98 1464 2.H6 3.28 491 =6.25 8.20 =0.84

Cor.oction Factor0.8 0.9 0.95 1.0  =1ef =fed 102  ~fu2
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TABLE 3.b

COMPARISON OF FORTIRR AlD SCOBEY'S LYMITING VELOCITILS WITH
TRACTIVE FORCE VALUGS - STRAIGHT CHAN ELS APTER AGING

Water transporte
For clear Water |4ng collotdal silts
Materinl n WM%&' Tractive Yelocity | Tractive
force force
ft/sec |1b/eft | ft/sec | 1b/sft

Bandy loam no colloidal 0.02 1.79 0.037 @50 0,075
811t loam nencolloidal 0.020 2.00 0.048 300 0.1

Alluvial silts noncollo=~ |
idal : 0,020 2.00 0’01‘8 3.50 0,45

. Ordinary firm loam 0..020 2450 0,075 3.50 0.5
. Voleanic ash = 0.020 2.50 0,075 3.50 0.15
Btiff clay very colloidal0.025 3.7% D.26 ~ 5.00 0,48

Alluvial silts colloidal 0.025 3.75 0.26 5,00 0,48
8hales ana hﬂl‘dﬂ&ﬂﬂ 0.Q2§ §.00 0.67 6.00 0;6’
Fine gravel 0.020 2.50 0,075  K.00 0.32

Oraded loanm to cobhles 0.030 3-75 0.8 5.00 G.66
wvhan non colloidal

Graded silts to cobhbies

vhen colloidal 0.0 4.00  0,u3 $.50  0.80
Coarss gravel noncolloe=
1dal, 0.025 4.00 0.3 6.00 0.67

Cobbles and shingles 0.035 5.00 0.94 5.50 1.10
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USBR DATA Ol PERMISSIELE VELOCITIES FOR

NON_COHESIVE SOILS

{(B=9n . Sodimont loos than 0,15 of oisoc 0.005mm)

Particlo dianotor

Mnterial Moan vo}acwy
' g £41008e
8116 0.005 0.k
Fine oand 0.05 0.66
Hodian pand 0.25 0.98
Conroo oond 1,00 1.80
Fine gravol 2+50 2093
Hoddan gravel 5.00 2062
Coarse pravol 10.00 3.23
Fine Pobblos 19.00 3.0k
Hodtum Pobbleo 25,00 )
Conrpe Pobblos L40.0 5.9%
Largo Pobbloo 75.00 ?.8%¢
Large Pobbleo 100.0 8.86
Iapgo pobb:.!.es 150.0 . 10.83
Lapge Pobblos 200.0 12400
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USSR _CORRECTIONS OF PRERHISSIBLE VELOCITY FOR DEPTH
IloN_COHESIVE MATERIAL

Avorage dopth

Metoro 0*3 0.60 1‘00 1-50 2.00 3.50 3600
Foot 0.93 1.97 3.28 .92 6.35 6.20 9.8%
Corroction Lactor 0.8 0.9  9.00 1.10 1.15 4.20 4.25

TABLE 3.6

COMPARISON OF PERMISCITLE TRACTIVE FORCES I SINUOUS CANALS
WITH PERMXSLYBL® VALUGS IIT. STRAIGHT CANALS

Rolative limiting Corrosponding rola~

Dogroo of Simosity tractive foreo tivo volocity
Stralght cansl 1.00 1,00
51ightly .oinuous canalo 0.9 0.95
Kodoratoly oinuous canalo 0.75 0.87

Vory sinuoud oaznals _ : 0.60 0.78
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FIG. 31 DISTRIBUTION OF TRACTIVE FORCE IN A

TRAPEZOIDAL CHANNEL SECTION

1-0 T lo Y
3 HEER . A Trpecet, |
D o9 D09 Wa s ryry P
» Trapezosds 252 Y /
w ©F X a8l
§ 07 // | Trapezouds z: (3 é arHf-
: 06 1 / 5 PeYs /
1L ‘P?«fao—ggs N [\Re chrng/es
‘ . 5 05
N ]rmfdo/a’s z=1 \5
Y o-4q [’ T *§ 0.4 /
4
i’ 03 li 30.3 /
L e N a2
§ REE ol

o1 i J od

j
o0 1 2354567 79 0 % 1 2 34 5678 9
&/y &y
ON SiDES 0F cHANNELS ON Boryrom OF CHANNEL

FIG. 3-2 MAXIMUM UNIT TRACTIVE FORCES IN

TERMS OF YYS.




FIG. 33 ANALYSIS OF FORCES ACTING ON A PARTICLE

RESTING ON THE SURFACE OF A CHANNEL BED.
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*16.3-5 CRITICAL SHEAR STRESS ON INCLINED SLOPES.
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3.1l PRANCIS M. HENDERSON'S THEORY (60 ]

M. Hendopcon by nmaking Olight onmtontion of Hal.
Lanoo theory of 8stable channel deoipgn, and by conbining
1¢ vith Btrickloryn formula doduced thepne formulao which
ore oimilor to G Lacoyts "rogimo® oquations,

Ho also proved thut Lacoy*o width=dicochargoe Fola=
tton of P Q"2 16 truo for norrov channol dovolopod by
Lenots thoory. He alfo pointod cut that tho scimdlarity 1o
not udfeful becauso tho rogimo condition implios thot tho bod
10 live, whorcas tho trootive foree eritorion aosumen that
the bad 419 only on the throoh=hold of motion . For the lattor
eritorion, the ghea® and honcs R8 ¢ 16 rogquired to bs constant
ot all points along tho channel. Put for the former it i6
roquired R/2 8 18 constant along tho channol. This critorion
has boen proved by him by using Einotein bod lond function.
Hcementionod also that only tvo oguations for otable channol
can be obtainod from conoidorustion of bod conditions and flov
- rooistanco, and thut third oguaticn, ouch ad Lacoy's P oz fQ
con bo ¢ruo only if thore 10 a cortain slopo~diocharge roloe
tionohip, that 46, a longitudinel profilo.

Tho guthor wanted to intrzoduce the oise cof boé patorial
d. Thorofore, ho uocd chicldrs ontrainmont function.

Tho oxporimontal vorl by Shield and othero hao shown
that for valuog of the particlo Roynoldo numbor (Rg = §;§>)

abovao approximately 400, tho followving rolation holdce



FIG. 3-8 DEFINITION SKETCH FOR STABLE CHANNEL ANALYSIS
AFTER E.W. LANE

o 0 A o8B A48
& L DY C bic ‘
Insert of constant depth Section r-emoved to for-m
Type A ) TypeC Type B Type €

FIG.3-9 ALTERNATIVE SOLUTIONS IN LANE’S STABLE
CHANNEL THEORY
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3.1% PRANCIS M. HENDERSON®S THEORY (60]

M. Henderson by making slight oxtention of W.l.
Lanes theory of stable channel design, and by combining
1t wvith Stricklerts formula deduced these formulae which
are similar to G. Laceyts "regimen equations, |

Ho also proved that Lacey's width-dischorge rela«
tion of P Q2 15 true for narrow channel developed by
Lane*s theory. He also pointed out that the similarity is
not useful becsuss the regime condition implies that the bed
18 live, whoreas the tractive force eriterion assumes that
the bed 18 only on the thresh-hold of motion . For the latter
oriterion, the shear and hence RS , is required to bs constant
at all points glong the channel. Put for the former it is
reguired R”a 8 48 constant zlong the channel. This criterion
has been proved by him by using Finstein bed load function.
Hementioned also that only two equations for stable chennel
can be obtained from considerstion of bed conditions and flow
| resistance, and that third equaticn, such as Laceyts P ocja
can be true only if there 15 a certain slope=dischargs rela®
tionship, that 18, a longitudinal profilse,

The guthor wanted to introduce the size cf bed material

4. Therefore, he used shield's entrainment function.
The experimental work ¥y Shield and others has shown
that for valuos of the particle Reynolds mumber (Re = | T

above approximately 400, the following relation holds«
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¥ (55 4 = 0.056 (Approx.) {in Qs units)  ...{3.17)

§, ® the ratio of solid to fluld density, 4 18 the sediment
sixe in inches, |

The oxpression on the loft hand side 48 known as the entrain~
ment function. For a seciion wide encugh for ¥ to be constant
over entirs bed, ¥/Y =RS, in vhich the value of By »2.6.Eq.(3.17)
shows that the condition

4= 11R8  (wide channel) | ees(3.18)
holds at threshold movement.

For tiarrow channgls the maximum shear stress 1a

?w'faﬂ in vhich ¥ 43 the naximm depth. Then

d= 11 ‘feﬁ sse$3419)
In particular, for limiting type B Fig. 3.9 cross section
 devaloped by Lanets theory, R = 0.572 ¥, (From Bq. 3.16)
11R8

ﬁ A —— - 19 RE ‘ uo-l( -20'
= 5 592 | 3.20)
Combining with Bteickler's formiz relating the bed material
size 4 to the Mamning n , n = 0.03% 4V/5 veol3021)
fronm which 1.4 p%/3 g172
Y= 1/6 . . 00(3022)
0.034 4
As per Bq. (3.,18), 4 = 1988 , for wide channols
V= 29 31,3 A’a ' auu‘3023)

A for type B channel derived in lLanetas theory

d = 19R68(as per Bq. (3.20))
V=27 31/2 31/3 "-0(302“)

Bvidently sguations 3.23 and 3.24 are both vary sgmilar

in form to the lLaceyt's equation
Y w» 48 32/3 81,3 u.(an‘I)
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' If ve vant to deoeribo typo B chénnol crosgegection complotoly.
Then Yy Eq. (3.24 with 1€¢7 incroaco in conotant)

Q= vRp = 30 RY2 P8V )]
R= 6/198 (by Bq.3.20) +«(44)
R o 0.572%, and Pok.99 y, or P= :;;a R ++(3.29)
P = 8.75 R of211)
Blinination of P and R from thsgo equauons yiolédse
ot g'*17 Q706 - ese(3.26)

An oquauon that gives tho limiting wvaluog of tlope at uhich
tho :I.!.miting, or Type B, channol chapo dowrived in Lanotg Thoory
would juot bs ptadlo. In geooter olope than that valuo, tho
vido Typo A channol of l20u deouring capacity 1o roquireﬁq
1¢ tho slope 10 loos than that piven by Eq.{ 3.9@), thon typo
¢ channel 49 apgparontly roquirod.

Meanvhilc an oguation will do givon to the curfoee

vidth ¥, « From 8q.(3.93) and (3.19)
baiod _ 0.Md

Wy @ L.49 Y' o veef3:27)
© 198 8
I?m Bg.{(3.26) vo got Y, 0.93 ‘Sq e +s+{3.270)
84n1larly for wottod porinotor ( P (by og. 3.15,3.19,0nd3.26))
P o 1 03 ﬂ .15 ‘% -'n(sna?b)
Thooc oquations aro remamably gipilar in fora to tho Lacoy
Ege P o 2.67 Q72 | vrs(2028)

Aithougin thuy aro Dor0 ponorel 4n that thoy cro tolding noeount
of ths bod matoricl 0inoy oquations 3.27b and 2.28 glvo tho
oome pooull vith d o 0,02 4n  cpproxinatoly, wich 10 wolil
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vithin thoe range of 611t sisoo of the Indian eonald on which
Lacyto oquations aro baoed. For veorifying Lacoy relationchip ac

v = 1.55 [fR .o (2.15)
Tho author used Eqo., (3,20 and 3.24) and eliminated 8 botwoon

tho abo e equationd. Tho resulting oquation ip with 109 increacd

in constant,
2,343
vs 01872 e 11 aV/3 gV/6 veu(3.28)

(romy V3
Thio equation 1s substontially d&ffaront in fors from the

. correapcndina Lacoy oquation.

In curmary from Lanets tractive force thoory tho
fbllouihg oguationss whick arc applicablo in limiting o7 Typo B
channal croaswsaazlon, ars doFived. Tho opeciric gravity aqual
to 2.6 ond angle of reposae 35°

Vo e/3gie ese(3.28)
v = 30 RY2 5V/3(10¢ sncronso 1n conctant) ..(3.24)
Ha o 0093 d’“ﬁﬂs Qot% &tb(3‘27n)'

For the othor proporticsc of bod matorial only the coofficionta
will bo changed. The two lattero oquations apo ocimilay in form
to coxrnopohaing Lacoyto equationo but ¢tho firot cne 40 4iff-
orant, Although tho thyeo ocquationst aro dorived for tho Typo B
chonnol ceetion, tho first two will bo truc for all widthe
dopth Fatios, vAth only olight chonged 4n conotonto, Put tho
third ono 10 applicd only to tho Typo B cection. For oimplicity
of compoging the particular valuco of P and Bn' voOro nogunod,
Tho genoraol forme of the oguationd aro as follous with numbor

of particular formgy; of oQuations on loft of oach cguationg
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that 18, that for which p = 35° and r= 1.6

(3.18,3.19,3.20) d = 'i--;’i‘-s or ’9}.:5‘_. vee(3.29)
(3.23) V= 30.6 2/ 61213 e s e{3.30)
(3.24) V= 30.6 aV2s%/ 3 3—5-—"9-9-) ves(3.31)

} 3 10"“6 1015 Qll-é )
{3.26) 8 = 0;2’0}1*15 l—COt ) 00 j Q »0{3:32)

(3.278) W, =0.73 Wﬂﬂgmtﬂ (W’ .*+6 -o.1sd~o.1sq° 46
v0+(3:33)

(3.37&:) P =0.47cotp(tan P r) 0.46 "0*“5{0”5@0«% {3434

(3.28) V= 11.7 aVRYVE (LooB V2 e e(3.35)

(# = 8g1) |

As montioned bafore that the above formulae are applied
when the particle Reynolds number i8 above ajproximately 400.
Now 1f we eliminate v, botween Eq. (3.17) and the Eq.Re =100,
wvith Kinematic viscosity v assumed to be 1.2 x 10~ nzlsuc.,
the lowest value of 4@ to which the eguations ars applied,
will be found approximatsly 0.2t in ox the sediment size
48 larger than 1/4 in., For further generalization ta be
applied in the sediment sige less than /4 4n, 1t is nece-
ssary to deal with the dip in Shields curve of o nment
function versus particle Reynolds mmber (Rq’ ® Eg\) .
When Re' ¢ 400 and the entrainment function , 1/ ®

18 accordingly less than 0.056, #ay 0.056 K. Then the coeff-
icient 11 in Eq.(3.18) will be 11/K and the coefficient of
other equations altered accordingly. The effects may be summed
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09 bolowyw

3.18,19 [3.23,2W 3.26 | 3.27%a] 3.270 | 3.8
Bquation mumber g 58" 55/°31°13.35 |3033 3@" 3.35
Multiply right =1 /6 | 9.23/30.23 | o=0.23 /2
hand stge o | K| KO RMAR23 | x70-2)

n the socond otop thesnuthor provod thats
gn #"Rogimae® oquation Rw és = cgnute.nt, and in throchold thoory

RE= constant. For this purpose h? uscd Einstoints bed load
Q .
function 4 P = o _ ' s« (3.36)

e L, b

ra [a(s,~1)a
in which 'qa_ 10 tho sodimont diecharge por unit width of the
channol. Binstein showed that § was related to the entrainment

function P
i =- ees(3:37)
? (8,~1va
in this wvay p— 0 a8 1/90 0.056, and for 1/9¢ >0.1 approximatoly
pa w0 (179)3 vee(3.38)

On the atraight line portion of the P = 1 curve as nentionod.

k4
Bacausn ¢ = Y RE Eq{3.38) can bo writton as
fﬂl____a =M (B3 (3.39)
d 'Y -39
e (g1 W2

in vhich F 410 a function of grain 0isc and fluid proporty
2 \J
(F G, 2 & 36” o L
| aad(s, <1) 808, 1)
cennl vhose bod matorial 48 the oamo along ito vhole longth
Qa o 1’13 Bﬁ' obo(aom)

) » Thorofore, for mny B

Furthor, along any onog tablo channol the godimont concsntration
qU/‘q‘ vill b2 constant as woll ag 4. If wo considor the sooistanco
cquation of H.K.Lin, M.ASCE and 8.Hwang, A.4.ASCE [617)
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VY CRX ﬁY &50(30161)
Tho values of X and Y dopend on bed formation and sodimont

oize . Then, ¢ = VR and by using Eq. (3.41) we can write,

a=VR=ca?’ g ee(3.42)
Uy 2=X o3°Y
? e R 8 : wes (3&“'3)

For any one stable canal Syotcnmpy with d and ‘32/ @ constant

1% followo thut ,_ | .
2% 83T 45 conotant . ¢ RV25 5 conctannt,

rq,x

thon, g';’? | 1/(3-Y)
{R) | 8 = conotant

g-% o %@ « *hig condition is very necarly fulfillod as per

table bolow dn which the values of X and Y are given by Lin
and Huang .+ And 18 exnctly fulfilled by X=¥Y4 and Y=1/2 vhich
are assumed by Lacey.

= congt:nt. It follows that

TABLE 3.7
) 2=X ax ] A-,—o,- 3 (3 =1
X 3oy | T 3% [3(;‘;” (31 ogy} Reznrko.
Cwp 817 0.2  0.188 Plano bad,@<0.2 m
0.55 . 0.525 0.k26 0.18% Planc bod, 4 =0.kmn
72 0,533 0.% 0.190 Monnin; Dg. dyt0 nm
0.35 .‘0n3° 0.61 0.167 0.262 Duno b@dg d =0,01mn
0.30 0.59 0.223 0.244 Dune bed d=5.1mm
0.33 0556 00315 : 0081“‘ Duno bad 650, kan
0.4k  0.593 0.462 0.175 Duno beégszmn
0.35. 0,83 0.4 0.216 Dune_bed, d=0.7mm

Laeccy'o £irot Zq(V o JR) o Cooo mot otand wp voll By tho abovo
oxanination. Thio cquotion 18 dordved from Lacoy?so rooistanco
oQuation, V = K a¥Y g2 oo ol 30lels)

and Ean (RV 28= const) . by oliminntion of 8 batwoon thon,

v e [R
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Now, if Lin and Hvang's moroe genoral reoistance eguation
18 consgidored and 8 1s eliminatod botwoen thon thon wo

havo, owX

R LS 8 = ConStant oo (3.459)
and Ve R Y ey | | e e (3.16)
loads to V o R-Y ¥ ve e (3.47)

« o
From the tablo 3.7 , we can say thut volue (X-Y 3Y )

12 not constunt and approximately oqual to 0.5. It 18 8oon
that the valuos vary widely, and appméchgn the valw 1/2

-nly in cortain ca8:8, For providing that P e (G 4o

truoy 1f thers 18 o cortain slopo discharge relationcbip,
again we 11l ude a channel in which d and qolq are conotent
and Bg. 3.13.

g2" X g¥Y conptant  aes(BM3)
v = CBXSI | son{3.01)
wvetting § = VPR and eliminating R wo can got,
(1e2(3=Y) -y

v0+{3.18)
If tho relationship P o% QV 2 s truo, then,

" 2(14x) (3 ,
5§ @aq 2x & v ea(3.49)

From Tabloe 3.7 , wo can goo that ¢his valuo 12 quito clooo to
=1/6 » for plano bod, Por duno bad, it ranges botwcon =/k
and =1/6.

On 0ho other hand 4f wo oliminate R botwoon Eg.(3.18)
‘cfmd (3.23) which both arc applicable in wide chonnols wo
will get,
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1,14 q 87/6
po Lo1t3 e 2(3.50)
; aaxa

From theto we can 8ay if the rolationchip P oo [Q holdo
in cortein canal cystem thors must be a slope-diocharpge
rolation

g?/ 6 o Q”‘/B

That 10 8 @ Q7048 ese{(3.59)
Similarly in order that tha rclation‘ (such as eq,3.27h)
p o g70-19 q¥/2 ve+(3.52)
gan bs - truey if tho reletion,
8 @1°17 w08 ver(3.53)

wnulﬂ'have to bo true {Bqs 3.26)

Heﬁae,lihe dependence of a Pod=Q rolation on an S=d4«Q reln=
tion has the fano form for wide channcls and narrovw Type B
channels., On B live bod thoory, on othor hand,

8 e "6 oo (3,5%)
Tho summary of the result that Mr. F.M. Hendoroon got it ao

bolows
1. By uoing 8hiolds critorion in tractivo forco mothod,

with Loneto thcory, thoro 1o thoorotical baoie for tho
Lacey polotion P ccfﬁ' in opoecial cnoo of iha narrovceot
potsible channol vith bank otability.

2. Ths guthor provod by tho help of Einotoin bod=load and
Lin and Huang'o rooiotunco formuleo, that in livoebod

~ condttion R/25 & conotant 10 truo.

3, By tho geno annlyois be provod thot V'cc_ﬁ§? 10 not
woll foundod.

h. In both caaoo‘(t{xo& and live bod) only twvo oquntiono
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can be deduced immodiatoly from tho congidoraltions of
. bod movenent and flov resistance. A third oguation, ouch

as P oz [§ , can only bo truo 1f a cortain rolation
botwoon diocharge and slopo cnioto,

5. Thio slopeedischarge in throchold theory arc similar
in vide and narrovu chénneln. I¢ 18 8 o0 D”o‘106 epproxi=
matoly, and in the cata of 1liycebod thoory it ic
8 6z Q"V6 poroxtnately. .

3.15. DR BHARAT SIGH's APPROACH [ 35 ]

. Dr. Bharat 8ingh put forwvard the hypotheois that
g bed load transport channol first adjust 1ts crossepection
‘tc carry o marximum bod load and thon adopts the nocosoary
slope., He assumed roltangular cross-soction ond ozponontial
relationship botweon bod loq@ tranoport and tractivo forco
ag

nf

GB o (V'b ;; = Q )3,2 B ¢v¢(3655)

¢
he has obtainod tho oguation for width of oDt&mm Codimont
tranogporting channol oo

0.G8 80'182 ] .
ot DY @504 ——— [QOT . (3,56
0.13 D < 0.5 |
ny e

I£ vo koep tho valuoco n = ngen, approzinntoly tho oqua~

ton vill bo g0+ 182 0,505
B 10 000 0 W  — %% L)
?c'

Dr. B.8ingh found that the oquation holdo satioge
actorily with Gildortro fMHtmo dato. Ho uscd typicol valueo
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n, « 0,015, ny=0.021 and n'/n = 0;69 for pogine channel
vith 011t factor £ =1.0 in Lacey's dlopo s@uation and
'?b = 0.006 1b/f¢? and ho deduced the equation for bod
vidth as belowys

B = 2.04 Q04515 .«2(3.58)
inis equation 48 much similar to Lecey'o ? Pzngq/a oquation.
 Homop
g, = Transport of bed load in 1b/he
Yo = Tractive stress on the bed of the channol, 1bﬁ?tz
Yo = Cyitical tractive o-tressos of the bod matorial
b/ 242
nt = Mnanning rosistance coefficient corresponding to
0izo of bed moteriml in the channol (8trichlorts
eguation)
A = vorking vzlue of Manning Coofficisnt for the
channol as o wholo,
ny z Actual vorking valuo of lManning coofficient for
the channol bod,
| n, o lMonning coofficiont for tho sides of tho channol
B = Hidth of the channol, ft.

If ali the n valuos aro assumed to bo proportiona to a”ﬁ
the olopo to a® proportional to dp‘g'(Eq.a.BO) and ¥o a0
proportion to d, thoro will bo aﬂ’sileft in doncainator 4n
oqu, 3.6 . Thig neans that tho optioum bod load trancporting

vection will be narrov for coarder matoriml.
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In 1961 [35] he dorived, by sxporimont from flumo
dote waleh wng carried out by him and othor and publiochod
datny tho Lollovwing equation.

g-- = 5.65 105 l?m;nnb“ l‘ii(3059)
FG K 2} 67?b o« '
¢ I
Kﬁ « KD{ ¢ 72 )

r
Tho voluo of Ry, 18 given by him a8 bolow 0

-~ 1
* 2 ‘abs l;.on «éﬁbﬁ dslog(ia Yﬂg Rg B)+2e log ‘ﬁ"ﬁbJ
B Bb . 3]

oee{3.60)
¥or given vﬁluma of Oy 5 and B a value of < obtcined froo
graph, only ﬂb mun unknown and ¢sn be folved by trial and
error. This oguation has beon found to give botter rooult
vith f1el4 data than ‘Iaamy!a oguation,
But Dr. Bharat Singh suggested it to be tosted for

more axtensivo data.

wvhera,

¢ n Chogy conotant

nb = Hydroulic rodiup of bed

Ké = oQuivalont ocand grain oughness of rippi.o bod
uaterial. It 10 dofined oo K; = K, (67 P—-gm q
but for tho £iold channel conotant (67) 4b
changod %o 12 by hin.

Ko o oQquivulont cand roughn>3s for thoe d matorial
vithout ripplo and it 10 oqual to 665

N = bod otross in 1b/£e?

e s o function of grain size and grading vhich con

bo found from grophical rolation botwoen & ond
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4
65 v

Fr = Froude nuabor = trzﬁig

3.16 UING CHEXN'S RATIOUAL APPROACH [62,63)

The rogime thoory wad snalyoed by ling Choin on tho
boois of E4notoin'o bod load function to attack the problenm
by a more rational apnroach to tho design of alluvial channolo,
Whon the dofect of the lacoy's o1lt factor(f) in tho equation
{(2.15 ond :.31) wao known hs fmvostigated the prodlom to
ovaorcome thig difficiency . He thought thot oilt factor
wad dopondent not only on tho 841t grade on vhich the bank
and bed materials aro made up but also it deponds on ths
gsodiment in flov.

The author proposed that tho omission of sedimont

relation in regiro equation 10 bocanoe of tho following=
1. Tho 841% factoro msy implicitly include tho sodiment
vith bed matoricl size, or
2+ Thore moy bo o suitoble combination of the variableuv
R and 8 vhich praroly dopond on tho godiment load,

The abovo Cwd idood wore actunlly Lacoyto statcaong,
vhilo diocuosing tho papor Mo agreed that the dimoncions
ond olope of cn olluvial channol having o givon 4ioccharge
ouot dopend on the sodinent load, but in cortoin cimbination
of variablos tho sodiment load wno ontiroly cboont, Ho
provod tho atatcmcngvghia vay «

Zyp © 0.75 - ond f’m = 492 _V/3 g3
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Combining va and :Rﬂ and calling it ¢ gs ° ¥° hovo,

v
R £
£¥ = —— = 3072 BV,

smn'/ 2

Putting ¢ E%—' ad proportional to squaro root of sodiment
diamoter (ﬂ?ia) andq%gaerting (g) o 4t con be writton

V = cowtang 8 T PR & ')\
4

This 18 the oame ogquntion a8 given by Lacoy and Malbkotra(2.%2)
vhich is dimensionally homogeneous equation aud indopendont
of chargs,

| However, Iliag Chien collected datan from Indian cangls
and tivera‘uaad.by Lacey and utilized his graphical Selution
of charnel based on Einsteinta Bed Load function to test thoto
kypothoses. He sgtarted the.inventigation from there equations
(ﬁaaeyta\ Regime equations)

ve |
B2 3 0.0052 gpg "{13)
P o .47 QV/2 (411)

Tho analysis was conductod in following throo otopod

a. Bank friction negloctod and the conditions at obtainecd
in Indlan canclo and rivers wore investigotod cnd compue
tatlono wudo.

b, Thio typc of analysio was oxtondod to conditions difforent
£rom thooo provalent in Indig and Pahistan.

¢, Bank Lriction was 1 troduced and ito offect wauo otudiod.

In the first ntoep £VR and fns wvoro computod from tho following



119

conditiona=

{1) Bed material size 0.25 mm (average size in North
Indie and Pekistan).

(11) R varies betwyeen 2ft - 25 ft,

(114) 8 varies between 0,001 to 0.00k,

Values of £, and f _cwere plotted against sadiment

concentration and he bad obteied the following relations

fm = 0.961 ( % )0'715 | ,54.,(3062)
q .

where Up 18 total sodiment transport rate / unit width,
In the 8-cond step he neglected the bank friction.
Bed matericz) size = 0,25 mm, 2.5 mm and 25 nm.
A= 2t to 30 ft.
8 = 0.001 to 0.005 for 0,25 mum size.
= 0,003 to 0.0025 for 2.5 mm sige.
= 0.001 to 0.01 for 25 mm sige,
He had plotted fy; and &,  against q;/q by keeping
R constant and 8 varging and 6 constant R varying and found

a set of graph showing that : fyp Pbecams quite erratic
but rRs renaina the same as bafore, or

. % ) |
fas’ 22 d0.%~5 (_70_052 sea(3.64)
q

Tor l 2?—.! < 200 ppn and 0.23 ¢4 < 25 mm,.



120

In tho third otep ho has introducod bank friction with
vortical 0ido wvall vith n = 0.02 and

Ro 20¢ = 30 £%

8 = 0,009 < 0,005

Bio posultt and conclusions arc summayiscd ad bclow'

i. In tho conditions pertaining to Indlan plains Sy
doponds on ocedinant concontration, Ly dopendo prinarily
on bod metorial siva,

2. Using tho functiona) relationship plven both Einstein
bed lond function and the regimo theory @va the oame
depth an&' fope of alluvial chemnel in cguilibriuvm.

3, For conditions different from those fyp dopondo alco
on tho hydeaulic charactoriotico of tho ehannol.

b, Baonk friat;on hao 1ittle offect on tho ovorall ftrondo
sccording to vhich siit factors vory vith the codimont
concontration. ‘ |

It vill be obooryed from thooo £indinge that Lacoyts
critordon for o rogimo channcl rV/&s conatant 48 woll
foundcds Bub his exiterion ¥V oo ffi pocmo not vwoll Otabilie

ood ao fvﬂ dopando on hydraulic properties ao well a8 Coldimont
coneontimtion.

Thoro vill bo o poasibility of corrolation botwoon
Lacoyta  ropimo cquation and the ¢hroohold Ghcory,

3.97 LAUGBRINI¢0 THEORY [64}

Langbodn atatcn that rivors conotiuet thoir ovn

geonoterios. Tho principles of hydraulico, valch oro gpplie
¢oblo dn fimm boundesy ehannel cannot bo oppliod ¢o dotesaino
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the form and slopo of river channolss
The bydrsulic gaomatsyﬁ dof;;ned by him 10 tho moan
form of varioud fozmo of tho atrenm channol.

The gubthor haé Gtatod thaty stream chonnols form
thoir hydraulic goomotey in responso to loaés of wnter and
godinont imsosod. In accommodating n change 4n dischargo,
rivors can change velocity, width, depth and slopes, Theoo
changor appeax to be wniformly diotributed among thooe
components ap 1o permitted by the river mochanieon.

A8 o condeguence of the gonoralisation <hot tho
total work tomdo towards a minimum, docouso the gpate of Mﬂ'
friction is moaoured by the onergy slopo, tho rato of vork
{pover) por unit longth along a river ogual TUQSQ V‘nmaﬁeﬁa
of povor tonds towardd zoro as the product Q6 tondo towards
o congtont valuo along the river, Bub; at G8 tends towardo
wndformity, total vork, a0 onprosced by tho integral
LY. 08 &K 5 tond toverd o miniom -

Ho nontionod that both of thooo idoad < cqual acte
don botroen adjuctmant of variablo ond principlc of nininua
vorl 18 to de found in poomorphic Litoroturo by Gilbort
and Ruby and othors,

Ho compared tho river coc tion by rolating tho chae
nnclso proportios to bankful dischargoy Qp oo given dolows

v (Velocity ) e Q7
D (dopth) e of
¥. {v1dth) x q°
\8 (Blopo) o Q°
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By using the postulate cited above, and by utilie
sing hydraulic propertiecs of channel and the pesistance
equation of Marning and principles of statistical analysis
he found the most probable state among alternatives.

b =0.53 and Ve Q003 C ees(3:69)
£ »«0.3 ant D Q¥ vee{3.66)
B e 0.10 W oo 90410 . +(3.67)
8 = ~0.73 8 oo Q70473 eee(3.68)

Ho has pointed out that the analysis 18 weak in
the sense that end points are based on the probable states,

rather than points of exact balance between the forces in
the action. But the values are given for averaging long reaches
and a vide rangs of observation of bankful diachargoes.

Comments - It is thersfore reasonable to assume that the
state of equilidbriun will be attalned for a channel in regime
after long period. '

3.18 LABORATORY CHECK

Laborgtory experiments have the great advantage
that they pemit the control of the variables and the study
of almost every phuse of sediment transport. Nevertheless,
the time has not get 'eozue vhen yesults obtained by models
can be applied with complete confidence to the design of
largo cansls, Howavor, the physical laws involved in the
case would be gQualitatively good for checking the inter-
relationship between the variables . Out of these studies

two of them are discussed hore,
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3.19 PETER ACKER [65]

He has conducted his research with sand having me~
dian dlametors of 0.16 mm gnd O.3% mm , with discharges
varying from O.% cusecs to 5.% cusec. Ho seslected a mmall
model channels in sand excavated to a 8 tralght trapezoidal
channel but free to adﬁust their oross~sections, arcas, align=
menf, szdinent goncentrations and gradient until stability
was recched.Then he measured the discharge, slope, shape,
¢cross seotion and sediment charge., During the performance
of experiment, he came across the following threc types of
channelss~ |
i. chaﬁnala whose bed and banks were coversd with a
deposit of fines and clay making them inerodible. The fines
and clay were washed out during the scouring stage, and
secpage at initial rmning, remained in circulation and
wers deposited on bed and sides, at the equilibrium stage
giving rise to these types.

11. Channels that eroded to a stable seotion in which
aignificant bed and bank material was fine sand provided
in the model, |

114, Channels that developed prominent shale and meandar
He has found for class (L1) of channels thess eguations.

A= 1.00 Q0+87 v+(3.69) AL:C:T;;;‘:S?:}‘??’ 6
v = 1.00 Q0*"F < (3.70)

Wa 3.6 Q°"’2 s {3.71) P o 2.67 Q°'5

D = 0,28 Q°**3 L ee(3.72)
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He found 11ttle variation of cmaas-aucﬁonal shape with
discharge, the ratio W/P and P/R romain constant and
independent of discharge. He could nat find any correlation
betwaen 8 and {§ and found that the power of 1/6 in Lacey!'s
equation is under eatimateod, He has found out that his obe=
servations compare veli vith 8imons and Albertsonts egqua«
tions fér comparable cénaiu.

- He also found that the resistance esguation

b

v
Eﬁ—ﬂ-’ ﬂ?'o’:i (WRfV 100(30?3)

Adequately descoribes the log turbulent eguation

_ | a
D g Y08 12,3 ——
p— éa(é,sas X

of Keulegan in the range 1.5 ¢ .g..cn

Ho hns used the rasistance squation (3.73) and sediment

transport equation (3.75) derived from his axperimen and
third consideration of B/D ratio, obtalned relationship to
define channel geometry as belows

From resistanco considemation he has found
V e qz Do'?s 80'50 o esel347W)

where da n M

x0-25 and K = height of ripple.

Pron sediment transport aspect he found

V= " D7 &a .O“(3‘?5)

vy a7 |
< = M—- where d = diameter of particles

_.__g_.._.

By .
in zm and ¥ is sediment charge in ppm.
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Prom widthedepth rolstion, he has obtained

DWW % ’ ses(3:76)
4y ® cOn stant for amall stresm in noneecohesive material or
may be a function of cohesive strength of bank material.
From consideration of equations 4,5,6 ho has
obtainad the following relationships.

0-03 d'O“‘? 0.1}3 0-153 ' o(3i77)

D= A oy Q

W m Q03 d;n.w «go,w Q0+43 cer(378)
B SOOI 0086 (3
Ve a;“"~°6 429‘"9‘* d;o‘"’ Q01+ s +{3.80)
8 = 30416 ‘,‘:;56 dgd.sé 0436 ee(3:81)

He derived from equetion (3.74,3.75) and compursd them as
below

Petey Acker | Ingis - Lacey
2 .
e 0BT (302 %3& 10+540+5
3 v |
%‘Wf’aﬂA"zda +s+(3.83) T «© do"
0.2 ;0.2 (D:82 (4 22
v o !}‘0 2 a ( [T (3.84) Vo0 H
_n . g glnnch
v* ol " .3 0.37 Vv
(385 pioey

Ve 00021102 (081 §0433 g g 0.67 0.33
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Potor Acker | _ 8imono and Albortcon
Ve 0026 071 (525)0.285 V= 17,9 (r2g) 0236
or s {3.86) (Coaroo non ¢ohopive)

3.20 B, BINGH AND SINGHAL'E MODEL 8TUDY [29 ]

The outhors have gtudied tho bohaviour of Uelfe
formed channcls undor control conditione, and to at@em_pt
the detorminution of fundanmental correlations of cedimint
bearing channols specj,alla( ‘wit;h roferonce to width adjuste
nent, In all the provious exparimcnw on the laboratory
study of alluvial channels gsadiment load was not conoidered
a0l an indopendont variable, The otudy of Petor Ackers,

though very comprchonsive , did not. include ocdinont lood
paraneters in his best £4¢ equationn. This uveful oxporiment
extended by gsuthoro by inclucion of pediment losd in their
works and naking tho e:;por;mcnt approach more ncariy to

fi0ld conditions, Erporimontal river bod sond having o nodiwm
oioe of 0.3 rm and otandard deviation of 1.55 opacifiec
gravity 2.66 and average full voloeity of proin in elcoap
vatar 0.05 m/osc. (0,10 £4/0ec) wad used. Tho range of
variablos involvasd in the oxporinont 48 givon ao bolous

Diocchargo 0.33 = 1,90 cuooce.
Bc@inont concentration 0 < 3900 ppo.
Bedinont 0120 dgg 0,30 m

8lopo 17180 to 171750

tiator surfoce vidth 3.33 to 8.1 £L.
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Heoan volocity 6,63 to 2.32 ft/foz0.
H=Q rolationg ‘

By plotting avolilable datn they found the following rola=
tions

£. B, 8ingh and oinpghal data and Volman=Bruch data

Hy = 5u05 Q%0 s e(3.87)
ii. Potor Ackor Data .

Hy = 3.2 042 vr+(3.88)
141, Simon sBandort 0 (U.8.Canals) Indlan Qanalﬂimﬂlﬁ data)

Hg ® 224 Q% v +(3.89)

Thue they oboopved, erperimontal channels are widor than
the field channols and the effect of sedimont concentration
on ¥,*Q rolationship on widih is practically negligidlo,
but ﬁhe offect of diecharge 18 stéma. Tho offect of Dcdd=
ment sizo also 10 rmmiaad to be tmall,

Thay havo fgand volue of tho conotant in tho oguation

6w (3'56)

¥o ® a“"" RIS
rongod fron 0.27 €0 .21 choving alnont o four fold varine
tion. Tho valuc of thio conotant an_yoportod for cono of tho
fiold data 10 0.25 vhilo Chntmryodd and Bharat 8ingh obtainod
voluos of 1406 and 1.00 for rung in cohoepionloss oand.Thoy
thercfero concludod $hut thoe Inglio ék’acoy oquationa fail

to reproocnt the difforont conditions of ficld ond laborae
tory « Thoy have ucad curfneo Eidth for porimeter in

thito’n equation P = WOk Q .
o136 'VO o160
2]

LR X (2985’
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ond found tho vuluoo of the mmeorical conOtant varying
from 5.90 = 7.71» » Since the oxporimental channolil |
are thus 2575 to 908 widor than thooe yivers from vwhich
White's mmerical conotants wore token,Therofora they
concluded that thitoto equation 15 bottor fittod thon the
In@io-Macoy Equations They have found that tho yaluo of B
obtainod by cquation 3.56 vore lovor than tho valucs
oboorved. But thoy have found 1f tho top widih 1o caleuln*
" 4od by thio mothod 1t tallfed woll with that mcaoured 4n
tho modol.

_Relatdon,

The oamc dnta a9 wero uged in WeQ rolation voro
alto usod to male an A<Q plot, nd thoy found that unitko
tho width plot , howovor, in this cade all tho dats laboras
tory ao woll og fiold, fall on a oinglo 1ino conforming to
the &hn oquation '

As 0.9 289 ve+(3,90)
8inco tho dota contained wido mango (0.02 < 0.795 mn) 6F
Oedinent oizoo and intonoity (& ppn to 5,759 ppo) and that
a conzon lino hao boon fitted f‘or' tho ontiro duts 40 indi-
eutol that eroos=toctional aroa of a' channel 40 not oignie
ficantly dopondont on eithox" tho groin 0igo or tho cmount
0f Oodiuont flouing,

A=Q polotion of Uhito

Thoy hcvo found tho conftant in oquation
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ag?? 5 V5 |
‘ b~ 2."’ ( Ba/ ;0'23 ufau.sa)
QW7 v,

vasy fxom 0.9 0 2.76 « Tho lover valueg woro howovor, for
ivolated zuns. Tuenty threc of the twunty eight pointa woro

wvithin 259 of vhitors conotant.
A=Q Relailon o Inglis

Thoy have found the constant in Inglioc Equation (2.57) fop
area verief 0.57 to 2.5% fop tho data of their cxporiment
ond eoncluded that the Inglic number in nm\caﬁa‘im@ruvaa
the Lacay relotionchips,

SQQ Relation

© A logelog plot of 8 pgainot Q, mado for thoir data
&8 not give any corrolation, thorc bdboing very vide ncatter.
The econstant of Inglis~Lacey oguation obtainod by thoip
dnts ranged from 0.0013 ¢o 0.0042. Thoroforc it becomo
ovidont that incorporation of oodiment concontration in
Inglie oquation doon not cnnblo 1t to conform to fiold
dota. Thoy plottod ¥ aratnot g2 7 a2 Rs and atd not
find any corrolation.

Thuo thoy concludod that Q.6 relation doas not roe
proo nt truo regimo ¢ondition, thero may bo somo othop
faetor whdch influoncco tho corrolation.

Dopfiad Bguations

For an anolyticol solution of tho problca thoy havo usod
the folloving equations o
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(1) Flov Equation
ve 185 2¥36V2  Guanning Permie)
(41) The bed load trandport cquation assuming thot tho cuoe
pondod lond'eoncontratian 18 within tho corrying capacity
of the chonnel with the help of turbulent onerpy contained
in it. They obtainod the bed loud troncport ecquation by
empirical relution as beloui
qg.eaa e 2300 a's

whers R' = R ( g:. )3/3 bﬁl‘3.91) A

n' o Manning coofficient for grain rosistance, and

n = Manning coofficieﬁt for cohanncl as g vholo,

5%”‘ Bed load t:annpvrt rate por unit width.

(114) A condition dotormining or relationship defining tho
" abannel geometry in the form of a vidthedopth ratie, Thoy

obtatned by their exporimont the followlng ogquation

fig.n 1865 QO.%S N@.ﬂ‘

| 05‘13093}

vhoreq = diochorgo in cunoes/ £,
N« PR
W e -§L~ z 1P

Fron throo baoic ogquations obtuined by capirically
fron tholr data ond Woltin and Yruch and como olpobraic
nanipulation, thoy dorivod tho folloving cquationt for

eohosionleos bod and Danko,.
H, @ 19,3 0055 20+286,0.096 ;0,086 eee(3.93)
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Por thoir data n? = 0.0106, average valuo of n=0.02
then equation (3.93) bocomon,

4y = 3.6 Q0+ y0-030 er+(3.930)
A 80 n?o"7o nou?.lb Qo'g No‘oé 9*9(309“’)
Putting the mantioned velucs for n and n? wo gol,
Ao 1,23 Q0+9 006 or s (3.940)
8<0 polation

Bharat oingh and Singhal have mndo a statisticold
corrolation fop the field data of tho Indian conalso and
their opporimont, caloulating the possible maximum trancport
rate of Indian canelg by MayorePotopts equation and bavo
obtainad the folloving pelation

82%'8 3 10% = 3. (1610 107 L .(3.99)

Thoy argued that thero 18 o atrong rolotion botwoon 8 and
N and o woeal one botweoen 8 and Q.



CHAPTE R<IV
AP’RAISBAL OF FINDINGS AND CONCLUSIONS

4.7 GENERAL

Genorally, vhon & Oocdinant bearing canal in alluye
dun 410 yun Oteadily with a dofinit diochargo, ond silt
chargo, it tondo to adjunt vidth, dcpth and slopc ¢o
equilibrium values irrogpective of thoir originnlly conote
ructed values, Thip is dofined cp spoginmen, Thio aalfnadjé
uotmont indicates that each of thae throc dopeondent varianblen.
vidih, dopth ond slope 19 a function of indepondimt varigbleg
fho discharge, szdim nt grads and sedinment load.

Undor ouch circunstances tho most basic problca of
cannl ongincers ao well as rcgcarch workers 12 bhov to find
the olomento of tho channol cross-soction and its Glope to
carry o given dicchargo and scdinent load £¥00 of oOcour
and doposit or in-stability condition.

Stobility dcnovan froodon from change but vithin
the annunl ecyclo of many sodinent ¢rancsporting canals thore
i9 o cycliﬁ.ﬁarﬂat&on in tho aodimont iocd., During floodo
in parcat rivor port of tho podimont adnitted st tho hood
of the canal noy bo dopooited on tho bed and entrainod lator
in tho goangon by wvator less hoavily loocded vith oond,

The dnvootigntions of the problcm vhich wopo poviowe
od in tho provious chaptors can bo catogoricod as bolows
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I. Original Regime Approach as Dgveloped in India

Thoge vorks conoists of Konnedy, Lindicy, Locoy
and Bogo. This waod basod on £10ld measurcments ef otablo
canal Doctions end include only the discharge and scdimont
grado a8 indepondont variablos.
II, lodificd Ropime Approaches

Thooo works consist of investigations by Inglio
vho inciuded godiment load also, Blonch vho took inte account
the differonce hotwoon bod and bank materialey or ite axem&naé

tion in light of bod lood equation ag done by Ning Chien,

| Bimongs and Aldortoon and Leopold end Maddook and éama othoro

have propodcd corrclations on somovhat similar lineo on
basio of other river gystems, thito has made what 18 porhaps
tho only reasonably succossful dimonsional approach to the
problem, '

b ¢ Hatibnal or Scnd Theorotical Approach

Thio includog tho nucceasfﬁl methode for deoimming
ocour fyec chonnels carrying clear vater dovelopod by Lano,
Hondoroon and Longhoin, and the dod load theorion givon by
Mbyo# Potor, Rinstoin und others and conc semi thoorotical
annlysis by Dr. Bharat 8ingh and iing Chion.

4.2 TIAD.QUACY OF RuGILE [IWTEOD

Dofecto of Ronnedyt's Thabrys
1. Uo actual monourcmonts of discharge o velocity and olopo

vore nado.

2, Ho &id not correlato n (rugosity coefficiont) to m(CVR)
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L,

3%

The importanco of bad width and dopth rolationship wao
$mored by Konnody. Honco by cquation (2.2) a narrov
doep channol and a challow wido channcl can be deoigned
for tho gamo diachdrge vhich 1o lmpossibla.

He 414 not tako account of silt shorgo . Bowover lindloyto
cquationy combinod with Ruttorto oquation gave a wniquo
golution. But hio uoe of Kuttor'o oquation for doterain=-
ing tho velocity vas opon to guestion as tho voluo of

roughness varded uvith the dischargoe,

‘The Lacay°aiequationa and thoir modifications have

bosn very popular in India, but have nover beon woed ozton=

sively oloovhere in the world, Tho group of oqQuationo undou=

btodly provides ao sound g basis for dooign ag currontly
exista 1f thoy oro uced under circumotances oimilar to thoso
from which they arc obtained. The major dicadvantoges of the

nothod gros

T

2e

It failo to recopnize tho dmportant influonco of sodiment
charge on dooign,

Tho cogdvation of vorfoun formmlac doponds uwpen o oingle
factor and dopondonco 10 not adequatoe. There are 4iffe
oront phaces of floy on bod and 0idos ond honee ALfg=
orcnt valuco 0f 61t factor for bod end cldos  chould

havo Boen uosd. Lacoy approach of ovoraging tho offocto
of 82idog and bod in o single factor Lo not Jjustifiod.
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3. It has not been developod bafied on the wide variety
of conditions encountered in practice.
4, It involves fuctors thut raguire & knowledge of cond=
itions upon wbich the formulao . based if they are to
be applied successfully,
5, Whon data from ono site werc insorted in cach of the
aguations doriv.d algebraically from originally Lacoy

onoo difforent values of £ woro obtoined,

The rogime oguations progentcd by Blonch modify
the Lacoy equations in such a way that the effocts of oide
cnd the bed of the channcl can be evaluatsd soparately by
neans of 8ide factor .nd bed f.ctor. This approach goems
basically more sound than averaging tho two effects ad the
Lacey cqQuutions do since effoct of side and bed conditions
on flow are vaotly differont. Lacey and Blench claimed
that their oquations ropregented fundemental laws with
argumonto adyancod by Shem in support of this cleim. But
the general shortcomin;s of Ais oquations givon by somo
rodcarch vorkors arc ¢
1. Tho expreossion for squarb of the meoan tractive forco

intonsity on hydraulically smcoth sides is :;Z. 0

vhoro X 10 moasured in the diraction of flow, but in
puv3

YA
to tho flov. Thus shoar otresc could only bo cauoced

hio oquation H 40 noaourod in porpendiculay

by cecondary curronts,

v hAz]
2. Equation 853 = 3,6 ( _;_.)1/h. nay bo rewpitten ao

v = abo. Cons.( L2 )8 (55 | unich 18 oxactly
v
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the same in formm of Blaoins eoquation for smooth pipe,

oxcept that Re (Reynoldo Bunbor) is formod with ¥ as
tho longth paramoter, which seoms of doubtful validity.
And also Blasins oquation is appliod to hydraulically
tmooth bgundariea. Haony of tho regime channolo vwill have
hydraulically rough toundaries,

His bed factor Fb i8 the same p® iaeayia'constant
(1.55 [F )2 . Leltavoky (667 has pointed out that Fy
has been found to vary widely botwoen 0.60 to 1.25
1.0.¢ @ 1009 range, for the game type of channols,

It wild be seon that the bed fuctor F, 18 indircctly
the square root of Froude number and it varies videly
for differont bed configuraticns depending on flow conde
itiono, the sizs diotribution of bed load material,
sedinment intensity and the total wash load. Thoroforo,
Fy, cannot des a gonstant as supposod by Blench in the
naterial. |
Comparing the V&/D = F, & 9.6/ (120.012) with Potor
Ackor Formula Toee 10+0840+5 g 0ok , 1t will be goon
that 8 45 miosing in Blonch Equation. ,

If wo considor slde factor of Blench v3/u y tho follovw=
ing dofocts appear.

4. *ho variation in o0ido factor found by Loliuvaky[667]
rangeo fronm 0.05 4n come caoes 20 0.3 in other castoon,

11.1f vo ¢°mp°g° tho o1do facto (V3/H) to Potor Ackor
oquation g—»ogﬂo'ad1°2 43 e 1L can be goon that
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gide factor hao much dependenco on gsedimont concon=

tration and considereble dependence on diamotor of
particles and D/¥ ratio.

7. 8imons and Albertcon [43] showed that the slope equation
of Blench did not hold good. Thoy Showed that the expo=
nent Vi/v 40 more approximate to 0,37 instead of 0.25
and that the rolationship 15 approuimate in the range
105 < & <107 , boyond whteh 1t fails. They elso
ghowed that constant 3.63 wary for differont typos
of bod and bank matorials. Petor Ackers [70] has also
showvod that the oxponent of VH/Y L9 0.37 instoad of
0.25, snéd conntunt of slopo cquation has 1tttle dopon=
dence on fodimont conecentration (n“O-OZSS y some dopende

ance on diamotor of dod particle (d°0‘15) and strong deponde
enco on D/ ratie («30'375); The change of oxponont

~and coot suggosts that Blench analogy of Blasils fomm
of oguation doog not hold pgood.

Tho erodit goos to Inglie aloo due to including tho
gediment concentration in rogime oquations but his cquations
puffor from tho following defoctss

1. Conotants of proportionnlity in hio oguations ovaluntod
by nany voritoro from £i0ld and laboratory datan, have
Tocn found 5 vary vi€oly oo chown bolows |
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>

B.6ingh and |B.8ingh and  |U.P.I.R.I.
ROlati.f’ Inglis L Singhal Chaturvedi (F1014)

on (Fi01d) |(Laboratory) | (Laboratory)
wel 0.54%% 0.27 @ 1,27  1.06 = 1.00 0.257
A-Q ' 3,88 0457°2.54 3.25 = 3.68 4.05

BeQ 0.00202 0.0013=0.00k2 0,0058-0.0072 0.0013%

2« Comparing to Poter Acker Formulaeo

Peter Acked Inglis=Lacoy
g'?' o NOCOB doﬂs 30»1'» NOGS dﬂns
v *3
| <0 °°v3 D.S 2 D.8
v e N"024°0.3 2
(T Ta

It can bo soon that V2/D 45 not so strongly dopondont on sodimont
concontration 20 shown by Inglis ahd the slope 48 also missing
in Inglio Equation. ConsSldering VB/u rolation it is goon

thot thio relotion deponds more on diamotor of particles and

D/Y  which doos not confirm InglioeLacoy findings. The V=8«D
rolationchip of Inglio eLncoy 18 widoly difforent from that
obtuined from by Potor Ackorgs. Finally Dp. B. Singh conclue

dod that incluscion of Inplis [imbor 4in r9 eaco improvos

Laccy®os ogquations,

I¢ boconmos apparent that improvemont in Lacoyto
oqu tion by inclusion of various paramotors to roprosont
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the offects of charge and grade of sedinment were in vain.
Lacey himself tried to rationalise his oquations by modifying
them from time to time, He had f£irst roplacod his P and R
by vater surface vidth W, ond mean depth D and has introduced '
paqurm' . o_'375

.o q'/R
his new sot of equationa. |

In viev of the very limited Anvestigation these o

uodified aquations cannot be considered muperior to his original
equations, OHly Chitale has warificd thess relations and has
found that his mﬂ%m&e relation and AvQwaef rolation are nperior
to bis original equaticns and has found that Wyed and S=E~D ~w,
squations are inferior to his original equations. On his further
modification he showsd that V/RE = constant, but mo research vorke
er supports this relation. Dr. B. Singh and Singhal [25 Jin thetr
experinent could not find any correlation, In . genersl we can
say that Lacey's m‘:l.giml work ia a great contribution but his
subsequent attaupts at rationalising his work have failed.
.3 THEORETICAL AP?ROACH ABPECTS

D
Wy endB= - or B to obtain
W, R

The theorstical approaches evolved principles moré
capable of adequately pmdioﬁng channsl behaviour than
any heretofore. Thers 18 no universal acceptable theory to
consider all the variabtles involved in detemmining the flow
characteristics completely. The complexity arises from
the numbor of independent variables which determine the
geometry of the channel of givon diacharge, mﬁtora as yot
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theps theories arc incomplete and should b  ogubjoctod to
furthor otudy and invostigation in ordep to broadon thoir
scopo and possidbly to roauéo them into ono goneral compro<
henoive and complote theory.

Inodequacy of tho Tractive Foreo Mothod

The tractive~forcoe concopt 10 basically cound in co
for as it has beon 6eveloped. Thot 48, for tho dooign of
channels for tho conveyance of essontially cloar water in
coarne non-cohosivo materdalsn., However, its application 48
quantitative fore ' |

1. Degign of chonnels in five non=cohogivo coils{sand
range and finor)

2. Deaign of channels in cohesive matorial, and

3. Dosign of channel that aro roquired to trancport
appreciablo (in cxcoss of 500 ppn) sodimont load.

In congidoration of sedimont load thoories this
point should b2 hopt in mind that 1f the dosign of o channol
10 oposificd o, 1t 10 possible by moans of theso thoorios
to calculate the sedimont load 4t would carry. Howaver,
to carry a opeeificd sodimont load, mony altornativo Geocigno
con bo made in accordanco with th&f%hcoriea. On the othor
nand, obrorvations of natural otpoams indicato g tondoney
tovards o valguoy cot of channol charactorliotics with o givon
contination of indopondont, variablos.

For tho ccamparicon of available litoraturc all
rolationships aro profitably tabulated as belowe
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TABLE k.1
A=Q__RELATIONS

|
1+ Laoc 1026 oo 0833 . ,
oy (fe)5/6 Q Indian eanulov |
0,833
2« Mathows 0.98 Q Sudan eanal o{£=0.62)
3. Sirmono and 1.076 Q°’873 8and bod and coheoivo
Albortson bank.
| R Q°'873 Coaroo non=eohosive
paterial.
. 0.80 -
L, Pettis 1.25 Q Miomi river; bed and
bank c;ay ulth shingle
5 Leopold and . 4 QG@‘.}O Amorican rivers, equal
Maddoclk froquency discharge.
6. Mars hall .90 0%+833 gnglund and usles rivors
Nixon. egual fraoquoncy discharge

(bank full d@iochargo)

7. Pator Ackers 1.00 Q°°85 Experinontal class 1IX
channels (d=0,16 mm)

qgnOG q°0.9k«3“°*1u§0c86 Bupivicnl.

2

8. B.Singh end 0,94 ®*8%  mmportnontal (dgy ©0.30mm)
Singhal :

80({n" 0 »73n‘) .2I§N°° 00%0090 Enpiricnl.

12. Langboin o Q°'9° Phoorotical ,



1.
2»
3.

L+

Se

6,

8,
9.

0. B.Singh and

xt.

Pe

TABLE 4.2
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Q RELATIONS

Lacoy
Mathows

8immono ond
Alborteon

Pottio

Loopold and
Haddock

Nixon

Hondorson

Longbodin

Potor Ackers

2.6700+59
2.72 Q°"5°'

2.u5 Q050

QO.SO

1,65 q0+%0
Qc:a.5‘3

3.2th‘he

0t03 e'Oo“? 0;“7 0»‘#
2 I N e T

Binghal

5.95 ¢°+%9

Indian Canals
Sudan Canals

Canalo with sand bed and
coheoive banks (Rogime eanals)

Miemi Rivers, I'»d and Banks
Clay with shingles

Amcrican yiv:rs egqual froguency
dischax‘gae

England and Woles rivers,
oqual froquency.

Theoretical for oiltefyec
channels.

Theorotical findingo
Claos I and II channols
Sgnd bank and bod, empirical

B. Bingh ond 8inghal, and
Holman Bruch Data.

99.3(n10+2,0+:096),,7-08640.55  mpogpaticnl.
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D=R~Q RELATIONS

Lacey (R)

Hatheva -

84mmons and 0.43

Alborteon
Pettis (R) 0.511 q 0.30
Marshall ) 0. 51"5 QQ ) 333

- Nixon (D)

Leopold and « Qo.ho

Maddock(D) :

' 2 (R)

Poter Ackers(D) 0.28 q0+*3
(D) « 42’03 a:;t"w «%"‘3 903%
B.84ingh and

84nghal (D) 0.16 Q0.3

Langboin (D) o @P~37

(R)

0.:230170) V30333 1isten canals

e

Q0‘361 8and bed and cohesive banks

Hiami Rivor

Bngland and Walos Rivoro
ogual frequency dischargo

(Bankfu) discharge)

Anorican rivors

Exporinental (85,00 . 16mm)
Class II chennels
Empirical

Exporimental(dsdao.chm)
Bapiriea~1.

Thaorctical.



TABLE bk

1l

«Qe~f RELATIONS

1. Lacey

2. Metheys

0.000547 £2/3 q~1/6
0.00025% QY6

3. Peter Ackers

~0.16 , 0.56 ~0.36 «0.36
«1 42 q3 Q
No cprrelation
k. LQOPOI& and o vqﬁ'o 0"9
Maddock

5. B.8ingh and
Binghal

6. Henderson

7. Langbein

No correlation

3‘h(1+wo.h)o.aﬁxg.°.18
10 |

o.uy al=15  q~0.b6

x Q"VB 4 gV

B q=0+73

Indian canals

Sudan canals

Experimental (empirical)

Bxperimental

Anmerican rivers, equal
frequency discharge.

Ezperimental

= Bmpirical (Experimental)

Theoretical silt-free
channels

For plane bed and Aune

bed respectively(Theore=
tical) .

Theoretical .
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TABLE l}‘oh‘a-
FLOW _FQUATIONS

1. Lacoy 16 /3 gV/3 Indian canals
0.572 g0.286 | |
2. S4mmons and 12.9 R Coarse non~cohesive
Albortaon 173
16,0 8¥3 g Sand bed and Cohosive
~ banks.

43.86 R/ 3 gV 3 Sand bed and banko

3. Hendorson « pV/2 gV/3 Theorotical siltefreec
channel .

4, Petor Ackors

q1ﬁ6.oz dgﬁoa pQ+61 g0.33 BEmpirical (Exporimental)

L4 CONCLUSIONS

1« For the design of canals carryving sedimont laddon
wntor, the Kennedy formula 18 now practically absolétoe.

2. Lindlocyts 1doa »f runiquencss' of rogimo channel geometry
for dlschargey charge and grade of 8ilt has been supported
by fiold negsurcments and laboratory checks,

3. Inclusion of v.rious parameters in original regime oquation
to ropregunt tho offect of charge and grado of oodimont

by EBlonch and Inglios and Lacoy has becn a failuro oo
por diocuooion in Soctlon 4,2,

L. By co.paring tho indicos of the dlocharge in the rogimo
rolations in tho A=Q, P=} , R=Q oquation (Tables k,1,k.2,

ond 4,3) pgivon by difforont authors it 1o found that varige
tion in vory small. Thore changes nay be duc to varying
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relative roughness in channel system vhich are
investigated.

The perimeter relationship of Lacoy represents an effort
on the part of the channol to attain most efficient bod
ilcad transporting section, howovor, tbo transporting
capacity of Lacoy channcl 18 not the optimum it 19'st111
close to optimm oxcopt for coardor matoriasl, the goees
tion 18 l4kely to bo narrow. AS concluded Byron -

Dr. B. S~ingb Bg.(3.57, 3.58). |

The water surface width, Ho, has a strong correlation
vith ¢, but does not dopond cignificantly on gcdimont
soncentration or gediment size es concluded from oxpories
ment ond oquation of (3.93) of B« 8 in h and Singhal.
Tho conotants. depend on bank erodibility. In channels
vith truly non=cohcsive bod and banks, with 1ittle
sucpcended godinent to provide long=torm cohesion to

the banko, the width 1o significantly larger than in
chgnnolo with cobesive banks. The gamo width relatione

chip cannot Be applied to the tuvo types of channolo
[25] For cohesionloss bod and banks, the oguation (3.93)

looks accurnte.

Thoro is otrong corrolation botwoon aroa and dischargo.
Tho arcc=disochargo rolationships aro practically indoe
pondcnt of codinont chargo and gradoc ac por conclusion
in Soction 3.,20. Tho rolation may bo effoctod by
channol roughnoos a¢ chown by oquations 3.9% and 3.79.
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The constant value varies within chort 1limit for canals

(0.90= 1.06) . It will probably bo indopondont of flov
charactoriotics, sodiment charge and grado, ond will
dopend on the proportise of bed and bank nntorlal
ag propooed by Simons and Alberioono. Ao chorge
inercages, the constant hao g tondency to decrease
ropsulting in doeroade in arca. A8 grado incronocs
arca incroaesos for the samo dischargo and charge,
this reoults 4in doercasing constant, as shown by
8imons and Albortoono.

At prasent, thorec 18 no satisfactory slope relation
or flov cquation for alluvial chaonnel{ Tablo 4.k4).
Correlation bstueen glopo nnd oodiment charge 18
strong and betaoan slope and discharge is very vook.
ad por Equations 3.81 ; 3.99 and 2.45. If gsodimont
grade incronoes diocharge and charge remaining conse
tant 1incrocased slopo 18 required to trangport the
gedimont. If thc chorgo increases cediomont grado gnd
diocharge romaining constant, olopo increagses consie

dornbly.

Lacoy'o gonoral formula for flow 18 not foundod woll,
bocguco tho variation of Na with bod formation 19
dgnored by Lacoy aso montioned in coction 2.5.6.

But hio gonoral flov aquation has found much Support.
The constont dopondo on bod formotion or type of
matorials, Tablo L.b, "

Lacoyts oquoations aro valid for limited range of
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condition on which they have been derived.

Lcliaveky [66) showed that a slight difference in
indices and constant will result in entire elements
of the channel crosg section. Hence any attempt in
extrapolation for wider range and conditions gave
little success, | |

1. £ can be concluded that there is very considerable
support for the regime approach from data of diffe=
rent part of the world. The fundamentals of the
problem still remains to bo understood. Until the
time when satisfactory solution are available, the
use of some empiricism is unaveidabdble.

12, The basic requirements for a sediment transporting
channel are ¢
i. Must be able to convey the required amount of
water,
i4. Must bes able to transport the s‘dtmqnt doad

inposed., ,
111. Must not scour or 81t either banks or the bed.

Therefore three relationships reguired for the above

purpose
A = Mow equation,
B = A dedinment transport sguation
C = Bank ercsion criterion.
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4.5 RECOMMENDATIONS

The reasonable basis for a satisfactory design of
atable channel with piwsent stage of knowledge of portineni
11teratir0 considered by the author 18 as belows
o561 For desipgn of channels to convey essentially
clear water in coarse nonw~cohesive materials the tractive~
force method 18 the most suitable,

B.5.2 For the sediment laden channels tho following pro=
cedurs 18 probably the most suitable method.

A8 already msntioned, to satisfy & general requirse~
menta of a Scdiment transporting channel there must be three

independent equation beside the continuity equation. These

equations are s flow oquation, bed load transport equation
and bank competence criteris.

A procedure of design 1n this dissertation is

recon .ended bty use of these formulsae:

I, Flow Equation (Mannings')

Bacause upto this time there 18 no satisfactory
resistunce or flow equation for sediment transporting
chaunnel, Manning's formula will serve the purpose suitably.
The rugosity coefficient (n) must be carefully chosen,

Vo :-; 2?3 52 (45 metric untta).
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IX. Bodimont Tranocport Equation

A bod lood trancport equation acsuming that tho
sugpondod concontration is within the carrylng capacity of
the channel with the holp of turbulont cnorgy containod in
1t 1o chogon a8 bolowvs |

Moyer < Potor oguation rodueced to motric units ia ouggootod
to ¢oloulate the codicont trangport capability of chonnols

n' 3/2 ¥a
q = 14700 ["’b G " Vor }

vhero,
95 = rato of bod load transport in kg/m/hour.

n' s Grain rosistance calculated from Strickler foraulo

1/6
n’gd

ab

4 = dlamoter of oodinont particlc in notroo.

n = Hanning coofficiont of roughnoss for tho channcl ad o
vholo.

Yp © Total tractivo foreco intonoity on tho bod, and

Yep = Critical troctivo forco otross of tho materinl in

ke/n2, equal to 0.07d (d in mm).

IIX> Bank Compotoneo Critoria

For tho bark orosfon, a tuitable chock 11l bo ugo
of critical tractivo otross at tho bank wvhich 1o given by
Lano vith comdination of Lacoyto PeQ relation with difforont
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constant, The stable cross section of a canal can be
designed to conform the two above conditions and the ste
ress at the bank must not exceed the limiting tractive

force,

%,5.3 Por design of canals with sediment concentration
less than 500 ppm , the Simons and Albertsonts method
i3 suitable.
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