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8' NOP 818 

Dosign of aodimentdPladon channels hao 'bafflod irri' 
cation onginonro from time icmaxial, Generally, ubon a 

aodicontabaaring canal in alluvium to run steadily vith 
a definite discharge, it tonds to adjust Ito width, depth 
and a1apo roz oqutltbrtn vo1uas irroopoctiv© of their ori,* 

ginally conotructod values. Tho subjoct was otudtod by 

different irrigation onginoar4 and roaoar+b iorkors in 

India from particularly about 1890# and oniparda•, notably by 
I onnedy, Lindloyg  L coy, Inglis and Blanch.  

$omo attomptc have man mado by Lane 9  Icing Chion,, 

Simons and Albort&on,, Leopold and haddock etc In other 

countries. 
In this dissertation an effort haG boon node to 

roviou different front methods liven by various investigators. AU 

available existing regime thoor1Bt as mentioned stove are 

dosar" bad and a goneral rovio of the rational approach 
16 also given. 

An attempt hoe boon made to analyse the variouo 
rogi o theories in light of available kno rlodCo of field 
and laboratory data an doll as rational approach. At the 

and comma co roluoionc havo boon montionod and a cuitablo 
doci,,:i cofihad to recommended. 



oTNcLATtm 

The followingg cymboln have 'bean ucod all thrcub ttdo diCro 

tz tion . Others have boon tzplainod in tho place t horo thor 
are ucod. 

Symbol Docoriptionc Dimonctono 

A Aroa of crooc coction , 

D Eod width L 
C C 	sys a coefficient  

C Cooffiotot 	in r ~ni8tcnco equation VVcR iy Li/1i  

1 Depth of orator L 

DD lea 	dopth L 

4 Grain dia otor L 

9 Lacaya shook factor 
Complete 011iptic integral of cocond kind 

o I,acoy' 	correction factor ~w 

Vb Bad Factor  

Pr Proudo numbor LT,02 

Pa Sido Factor L  ' 

f Lacoy' o factor L' 	2 

Q o n G .lt factor  
Si .t factor 

,fV8 Silt Factor 
as &-to of ccdimont Tronaport F1LT@03 

Ci AaLaler .t .on d~ o to Gravity 1~' 
Ca Ante of codimont trcincport por unit width T~ 	3 
I Xnglio nibor 40 



3 	Solaht of ripplo 
XG 	Equivalent Oand rougbnocG 	 L 

TJ 

 

8otthnont conoantrc tton 

Be 	Abooluto coofficiont of  rn;ooity 

n Act 	rayon, va uo of Hannini Roatctcnce 
coofflciont for the channel no a t polo L 

n, t 	ling' a 	rou3hness coofficiont ° 	th 
cpoc t to grain Gino of b ►d t atoriai 

(Strich3.oz" a equation) 

4a 	tnG' 0 000fftCtont for uidoo wall 0 
P Wetted pozitrotor of channel crone aection L 

Q Water dicchar6o L3T 
Qb a►nk'full dtacbor o  

q Water diOcharGo por unit width ►' 	' 

0 Sodjmont 	c 	r6oI 	it width (Bid lo4d)  

Sod inont dic bas , of 	tt width (total sediment) 

a Hy aulic moan doptb or hydraulic radius L 

R+ ulio moan depth of grain rQniottnco L 

Rb dz'au 	.o 	moan depth of aoDocjatod with bad L 

Hydraulic moan dept, ao.oclatod with o c eo L 

R~ ParUclo Renold Wumbo 	Z /Pv 
na Ronodi U wbOr 

B Lona2 t%Mnal olopo of channol 

00 toit. 	avity of solid particles 
8O S3opo por thouond 
V,V~ Man velocity 

V Fall 	folocity  



$leaf velocity' 	(g0) LIT 

1~ Water aurtc ce width L 

Unit weight of  

Y unit weight Of wato __ `IIO 

g , Unit weight of 	►vid - r~ 	T 
1r Show streee at the bed  b 

CriticQi shear 	stroae (at tbreabcld motion) 
P !aeodensity  

Fluid kinematic viscosity L~ 

It Units are not mentioned It shou . be considered in fps 
=its* 

r 



C iAPTPR * I 

INTRODUCTION 

.1 	' 1' 

Irrigation to one of the oldoot arto of civilization. 
Historically, civili: ation b o folloiod the dovolopm.nt of 
irrigation. Civilizations &&vo rison on irrigated lands. 

They have also diaintoorwtod in irrigated rogiona, 

Lyon though the origin of irrigation io lost in 
the halo of unrecorded history of antiquity, it is uoll 

documontod throughout out the iritton history of mankind, that 

first use of irrigation as an aid to agriculture vao pros 

bably made about the same time as man changed his nomadic 

ottctonco and fashioned himself to a social my of life 

t41th cettlouont In the lush river valloy [I) 

The Nile River water has been used in irrigation 
of lands in forthorn r apt for 5,OOO yucro, by the First 

Pharoh of th© Pirat Dynasty, King Manes (Circa) to enrich 

his I ingdom with its rich cultivatable coil . The first 
oonld' o old.~ot dan, 108 m long L:nd 12 n high was built in 

Bent raI 

In China, uhoro reclamation van begun mori than 

!0004 y ::I. o ai o, the oucc000 of their oar►ly king o uco nos• 

t ,~d by their uiodom and progruoo in ,ator11 control acti-

vitioo. The ft oua ?uo-JCiana Draw, still a successful d&i 
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today, uao built by a rain named LW. Li and his son in 

the Chin"Dynasty (200 :3.C.) and provides irrigation. 

vator for about 29009000 hectaroc of rice field. 

Th© chart of the Amu Darya (a river bets son 

Afghanistan and USSR) delta coil irrigated In the 6th 

and 4 h centuries B.C. prepared under the cuporvicion 
of Tolotov 9 chouod that ovon 29500 years ago a very 
largo aroa woo covorJd by irrigation system in this 

region. 

India claims to be the craddle of irrigation 

practice and dovolopmont. Iumarouo references ncoo to demo, 
•cam I Luella and tanks oust In the Vedas (very old 
scripture) , the earliest aacrod books of the ,Aryans. 
There are ru corvoirs in the South of India (Srilanka) 

moruz than 2000 years old. Writings of 300 BC indicate 

that whole country ciao under irrigation and very pzroa,* 
porous bicauoo of the double crops which tbo people 

wore able to reap each year. 

The Cpaniardo on their entry nco into FTozico 
and Peru found elaborate provictons for otoring and 

convoying urtor tupplios which had boon used for 
4 ^ r7 	f:a e'o. Ften8jvo irr gr~tion works also 

oziotod at that time in the Southttoctern United Statoo. 

The :early Spanish misotoncriec brouSbt knowledge of 

irrigation froze their Iloditorranoan bumov. 
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It is unfortunate that in . ►ost cases the 

founder fathers had not rocordod their oxporioncca or 

that if they did,) the ravage of time have destroyed 
all the records. Howovor, history is replete with 

references to the paractico of irritation from wells$ 

tanks and cola, 

I.a IRiiXGiTIOi3 ..G A Sc'iC A, 

The present history of science of irrigation 
does not trace itself to .row than two or tthrou centuries 
back. Vosttces, records and ruins of irr cation UorizD oxic 
tin.g in different parts of the world# bear testimony to 

the fact that irriCation, both as a science and art, has 

boon prccUscd in aovoral countries. This indicates that 
our ancestors uoro instinctively convorcont with atleast 
the empirical lava of hydraulics. 

In arid and eomi grid .regions of the world, 

irrigations. s an ago old art, but later, it becemo a 

science. The science now covers not only the scionti-
fic application of water artificially to the coil to 

make up the deficiency of a toture under conditions 

necessary for plant growth, but also the .nvootiga" 
tiono, planning; (cin~le "purposo, inul.ti°purpoco, baninviso 

or ru tonal) , design, construction 0 mainton; nco Lnd 

oporL.tion of otructuroa and channels for convQyanco of 

water from the courco to the point of application 

and all related problem (including engineering, 



agronomical, econonicai,, financial and social) and 

researches appurtaining thereto, to ensure permanent 
agriculture. 

Optimum oconomrtical and efficient designs of 

canals and hydraulic structures have boon developed 

through a continuous process, first through individual 
intuitive ►honchos' and efforts of great irrigation 
engineers and lat3r by orgy nised syston-  tic research. 

Early can.ls wore excavated in earth when little 
was known about the theory of movement f sediment. There 
are numerous instuncQst  ill 3trating how shortly after their 
opening#  the canals were silted up badly (e.g., the canals 
in Egypt and India) which wore built in ,19th  century and 
necessitated regarding or pr viaion of silt"ezcluaion 
devices at the head works. 

The evaluation of canal design from the Kennedy 

Theory (1895) to th.j relLtivo modern concepts of cz piri-

cal regime theory (Lacey$  Inlis Blench# Loco, King Chien 

and Simons etc.) or the more rational Tructivo Force 

Theory (Lane and others) provides on vinoers with 

practical tools for the rational dosi n of channels. 

1.3  D V LOR"U ."'T or dig GIN! ' `a'F LO.—iY 

Since irrigation in India hiss be_n practised 
from prop- historic tic:oa and app-ars to have byon an 
open field laboratory for analysing; the data which the 
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various pioneers of regime theory were collecting. These 
pioneers are Kennedy, 	dley, Lacey,, Inglis,# Bose and 
Blanch ate [3J. 

These authors have coipiled the data of canals 
tn the indoGangettc plain for the purpose from all 
available sources. This is because 6, the largest unlined 

canal systems in alluvium In the world were located in 
India and Pakistan and almost all pioneering works in Eesi* 
gn of stable channels were carried out on these systems. 
1 * 4  DESIGN GN QP STABLE CEANNEL8 

Thu design of stable channel requires the app Li*► 

cation of entire knowledge about rivers  mil, tau*-
lies#  sediment transport etc. The problem appears even  
more eomplsx# due to largo giber of variables which effect 
the situation and sediment load that such channels genexall ► 
+parry. 

The problem is not so easy to be solved by a 
single equation of Cbezy of Manning types  as originally  

was used. The present knowledge of bydzauUca can provide 
only two equations, namely contl tuft r equation and floe 
or resistance equation 

,. AV and V - t (NR,8 

As t$ usua , M Q and N may be known., Thus determination of 
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A sand R 1ct~voa V cnd 5 an otill to bo docidod. IIonco t o 

ooro conditions cunt bo iupoLcd or tt o mm oQuationa 

writton dou bo Ioro tho channol ijonaiono can 'bo calcu1a-
tod out for tho , ivon thipo of cxona•D ctian. 

Tho of .uviun in uiich tho cbztnnolo Gonorc11y floe 

is c oro or laao arodiblo and tho cbannol aoction cy thus 
bo conotdorzu2 f1urtb10 r: tbor then ri d •Tho aLa or 

doai,Gmor in r opoct of such chm-m.*1a is to obt;.,tn 
pbyolma otabiUty, a bcilcrnco bot roan o ltin cnd ac, ur' ng 

and dynr cr1 agvilibriuz in the forcoo onoratinf; and 
to ntalnLne chanocl crococoetion and ,rtdlont. Thoroforo 

It in neceooc y to study an apouch trbich eruct ha bawd 

on inon 1c un of mc ou. tico and prtnciplcc of hydraulico 

by vb1ch an on iyDto +ccn ho zcdo, Of tho intorro1ctton f 

the forc3a octin;i on tho o-oltd particloo duzrin tho flow 

of untors 

t.a h vo tto v9pror.tca of eoot n for atablo 
chL-nnolc: 

1) :ii'ici. Ap!~aocch and (a) ctlw:ol ,Appror ch. 

Ctnca the rttonn1 zproccb to b° and on oo3 thcoriva ublch 

aro otiiX inc: 	nc1 cannot bu urdvoroa11y accptcd, 

crjo 4.cWt ;t nco fro.a c zptrlc oo to n coo-nr ►. silo raquiraa 
u t avi c,:i v ' 4. t1 c~:o10 to be atut~iod in to ULM ©f 

both Uzi w LjL;r,,)nchoa. 
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C 11A PT R 	it 

1!1PIRIcAL 11PPSiUAGH 

201 G I1 LL 

h.j solution of tho problem of otublo channel 

d)01, vith oodicont Edon and cn orodiblo action 1s 

vary difficult thooroticafly. Ir ition on .noorc noticed 
..;t s ll,) Coo of tb cbr nulo al3.toc3 badly#, others on 

th oa~aa condition 'or sy :tcm attained ntrbi1ity. Tboy 

rightLy concluded th-t a particular croccooction and 

alopo provido otcibbility. Attu pto have be. 'n ,s do by irriga 
Lion oncin.00ro In Indla# ,L ,at and solo other countrioo 

to datori1no + pirical corrolationo for Duch channolo, hoo 

rolationchipo b .vc Wood upon too a 	.tc of lone onporiow 
nco of irridtion on .nooz'o or tho ozp riD nto of r000arch 
iorrzorc 6 

Tho da tvdtion or Woo,, for .co are not trod 
upon a ratio.&i or 	 n~alyoto sutil . they are 
uood ortrnctvjly in atblo cbannol doot6n. 

2.2 m ox: i ; .:• .JULY 1T~ I ]lei ... <~~........... _ 	,. ,.ra.r. 

a'.ccorC na t3 L%coy, r• loo flow in a it , trans 
 . 	tw.,:.. `.. c2 C Lzc: 	 zi 	© ! 	tits 

at bilityg . taw+'l; .nco botvo-:i ai .tine and ocourt, and 

a 	z,3c: ect ilibriu in tho Sorcan Conorz tiai;; i ,i@ r in• 
gradient 

4r4inine cbanuol crooc-ooction ancl,, I 	The th3ory is 



largely empirical but recognizes that width, depth and 

slope of tho channels are vairables. The fundamental 

basis of.this concept is that % a channel constructed 

in alluvial soils with erodible boundarios, if allowed. 

to flow unrestricted will forms its own dimensions to 

carry a given discharge and sediment load at stato of 

final equilibrium. The theory was first developed in 

India and Pakistan where vast network of canals provided. 

The opportunity for formulation of redo equations. The 

canals draw water diractiyy from large rivers and in flood 

season carry sediment consisting of silt and fine and 

median sand, the load generally not exceeding 2,000 ppm. 

Un10s2 the dim nsic ns and slope of a channel are const-

ructed to rogim© r+ quiremc nts, the geometry kill Suffer 

,gradual chungc and pOX fQZ 1 mce utU deteriorate. Inadequate 

slope leads to siltation and loss of ciisch„rge capacity 

and exceeiivo slope to scour 1 it' angering structures. 

Inadequate width lords to be nk scour, eecosalve to 

meandering. 

After raging theory was derived from data of 

Indian cani.s, rainy waasureraents of canal and river 
dimensions have been wade in different parts of the world 

by v~.rious authors. Among th=so ar© Pettis (Florida, 

U,s.i) 0 Leopold! Moddock (t:ostern U.U.A.) dimona cnd 

Henderson (U.S.A.) and Norsbal Ilixon (U.K) . r ost of these 

found that there is a significant corolation between each 
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channel, dimension and equilibrium disobargo, and index  
of the discharge Is very nearly the same as given  
the fob* derived from Indian canals. The beginning 
of the regime theory was made by R.G.Kennedy in 18, 

R.O. Kennedy [5J  published his olasato snpLr 
equation on the concept that the silt was maintained  

in suspension by vertical dddies of water rising against 
the bed. His general Idea was that the mean speed of 
flow,, when a channel had settled down to what it had 
chosen tow itself, was a function of depth. Thus large 
depth would require String + cidiea,, and hence faster 
voity. Kennedy' s formzula is most convent ently be 
written as;  

v0 
where V. a Non silting and non scouring velocity 

D a Vertical depth measured on the approzisately  
horisontel. Silted bad for a channsl. very  
closely In shape as trapezoidal sect. 

C and y  were thought to be constant originally  
and were assigned values of 0.84 (in fps units) and +x.64 
respectively, 

To test his theory Xwmody plotted, the data 
from channels of the Upper Bari Doab canal System which 
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had not required any silt clearance for last 30 years 
and were thus considered stable. He noticed that for every 
discharge, there existed 'a velocity In canal at which 

thtiro is neither silting nor Scouring#  which he termed 
•critical velocity'. Kennedy recognised that grado of 
Silt played a part in his relationship, and introduced 

another factor in equation, called by him "The critical 
velocity ratio,,  or CVII. and given the symbol 'in'.  

Critical velocity for canal of different silt grado 
CVR=in= 

Critical velocity for Bari Doab canals 

He rogardod the sandy silt of the upper bans Doab canals 
standard, tho cofficiont (m) for thLt cant being unity. 

The equation than was written as 

V = 0.84+ in D0 * 64  

whore, 	V 
V0.  

In metric units*  

V = 0.55  
For silt of Ban Doob canal eystozn it = 1 . 
For finer silt m <1 	(m '0  0.80 0 0 .90) 
For coarser ailt m>1 	Cm = • 1.1 - 1.20) 

Itonncdy t c no cor:elction l otton tho t tor surface 
slope of regime channels and the wean velocity #  or the 
vertical depth. He assigned slopes to bin rogimo channel 
by employing the ,.uttor equation. 
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The difficulty in this formula is assigning correct 

value of rugosity coefficient (n) . When Kennedy publi-

sh©d his equation there wan a general opinion that a 
channel of moderate size transporting typical Northern 

Indian sand, if In regime, or very good condition worked 

to a value of 'n',  appro ately 0.0.225. There was however, 
the difficulty that , without regard to the material in 
which the channel was excavated or the typo of silt 
transported, there appeared to b3 a real and measurable 

variation in the value of in,  with the channel. Thus 

Kennedy hixaself [ 6 ] suggested in 190e. that the value 
of 0.02a' for 'n' better suited to small canals and 
a value of 0.0200 wua appropriate for large canals. 
In. E pt [63 also whore the silt is finer$  a value of 

0.0200 was rec amended for ordinary use s  and 0.0170 
for lurgo canals. Garrott in his diagrams assigned a value 

of 0.022,5 c:nd 0.00 for moderate and large canals 

respec tivoly. 

The condition of earthen channols was also very 

iwportant in calculation of slope and nssign..sent of 
Kutter' s v nI . Thus Buckley [6) gave this reconziondation 

Table 2.1 
s of 	 P 

Abov,, aver- o (very food) 	 0.0 ' 
Tolerably good (good) 	 0.0250 
Below average (Indifferent) 	 0.0a75 
Bud. 	 (poor) 	 0,030 
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Therefore it a. ould bo realizöd that the vl.l.uo of 'r}1 varies 

both with scale and channel, condition. Kennedy made no 
attempt to ro uto the rugonity coefficient ' ni nth critical 

velocity ratio +ml ae a measure of silt grado. 

Konndc q also concluded that the oddie c rice duo 
to friction force against flowing rater from bed and work 
U) a ptnat the depth of the channel. The sediment in kept 

in s usponsion solely by vertical components of the eddies. 
From the sides alsot some such oddioo may start, but most of 

such eddies are hori&ontalg  have no power for supporting 
silt in suspenoion. Thorefore kennnedy ,considered that 
sediment supporting power of a Strect2 depends upon the 
width of the stream and not on the total wetted perimeter. 

flow Kennedy's VT) relationship provides an 
additiorticondition for designing the regime channels. But 
the main defect of Kennedy' a equation is th-It, we can 
daci©n different channels by varying slope DatiOfyinL both 
Futter' e and Kennedy' c oquationo. Kennedy oguation provides 
no clues as to which of fihos channels would be bust. 
Certainly some hints are necessary to choose the most 

suit .blo one. The nocosoity of doing co was rocognieod by 
Kennedy hiiioolf and has recommended some rough woritin,; 
rules for the rLtio of }/'1) (bod-width to depth Tatio) at 

later date in 19O i. Tho bed width- depth r"tioo wore fixed 
in different ot:ton by ozporionco. In Punjab the ratio 

area subsequently extended by 'ir. oode r?] . The min 

point to be considered in this rule is that B/I) ratio 



13 

increases with discharge . As depth approaches to 3.9 ft 

inotoLd of increasing in an orderly manner increases without 
lint. Mr. Kennedy cons-idored that a velocity in 
oxcos of 3J0 I`po would scour the banks of canal jrroapoc-

tivo of discharge. fence 

D 	= 	5 	 9.30 ft. 
in U.?. (India) the folio4ini; a pirical riles were generally 
followed ['8]. 

For c nnol upto 14 coca (in metric units) 

D = 0.55 for elope of 1/9,1400 

D 	0.52 for a 810po of i/8,a5Q 

D = 0.i7 J for a slope of 1/6,600 to i/~t,1400 

For the channels of 14 cimecs and over the fol ,offing dopth8 

were considored satisfactory. 
0 (curnocs) 	 P (motors) 

1.68  

	

28 
	 1.83 

	

35 
	2.14 

	

70 
	2.28 

	

440 
	

2.59 

	

280 
	2.90 to 3.05 

for very s_iall ch,.nnola upto 1.4 cumocc(50 cucoec) this 

oqu-tit i ;.. :o ucod B  

whore B is in notroc and ^ is in cuinocs. Kennedy triad to 

cork out tau silt tr noporting capacity of a channel on the 

u,s.:urption that the side ".ro vortical and total ciuuotity 
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of silt transported depends directly on B and some power 

of critical velocity V4. hence the quantity of silt trans. 

ported, Qt is proportional to BV , where n is the unknown 

index* Let P, be the percentage of silt in tter and 0 the 

disch1.rgo of the channel. Then the amount of silt carried 

f!t : p.B D. Von (appro imate) 	A = B.P. 

Assuming the silt carried to bo proportional to nth power of V 

Then KBT~ . p.B.D,VQ 
1 	1 

Vo a OW) 1 C B n' 

But for the Pun3ab canal Vo = C1' = CDC"64 
I 	 I/Awl D • 64 

Hencot (P/K) 	1 	C = 0.6 , and D 
I 

or n 4 2.56 or about 2.5' , or 5/g. 
Hence the quantity of cut tr~.nsportod is 

= KBV'gfa 

K = constcnt of proportionality the vz.:lu© of which w s not 
further investigctod by Kennedy. From this equation X the 

amount of silt carried at velocity V other than ' o can be calc- 

ulatod gas X = K V5/2 	while P = KVo 2 
L. 5/2 .•. x 	F (v )  
a 

then th3 Moan velocity of u channel exceeds the critical 
velocity (V ) Vas r the silt carrying capacity will be more 

than the bed can r)sict and scour will occur. The amount 

of scour©d will be X - P or 

x-P M P F(V/V.)  5/ 2 an 	 ... (2.3b) 
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But if V is leas than Vo deposit mill occur . Amount of 

dopoait = PMX = P '9 	( } 5/ 
0 

After Kennedy published his equation, many regional 

formulae wore derived. Some of thoeo cra given below 
(for fps unite) 

Values 	Valua of 	Descriptiono. ofC 	~y+ 

Q •$4 	0.64 	Kennedy# India, Upper Bari Doab Canal, 
sand Gilt. 

0.91 	0.5? 	Stavoll o Burzaa,, Jbuoho Canal for 'tine sand' 
0.6? 	0.55 	adraa, India, Godavari Delta (Josto ) , 

cf no 0 tltt . 
0.93 	0.Sa 	iadrac Krishna Western Delta 

0.95 	0.57 	Lindley India Lowor Cbenab Canal 
'Standard ndard aond" 

0.39 	0.73 	Ohalob,, Erpt, fsnloctod data, E tiara 
canals" Fine Silt" 

0,.39 	0.67 	t olcoworth and !erdunia,,Egrpt (Upporr 
0.1+75 	0.67 	ado- 	 ( 	) 
0.94 	0.59 	Griffith and Bottomloy. 

tie can conclude that if pro ant to make use of 
Kennedy typo equation in differ.-nt canal r ratQDa both the cons 

atont and o ponont should be changed. 

In 1913, Capt. A. F,F.Garrott prepared a diagram 
crhich provides a rcphical solution of iConnody' a end nutter' n 

oquw4tio:1, ubich 113 a vox handy tool for doaign pu oso [9 ] 
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2.4  ;LINDLEY' 8 EUI,T?Or 

It was Lindley who In 1919 introduced the uid h 
of a channel as a regime variable, and thus wade a valuable 
advance in ragiiv theory. By advancemont ong,nooring 
opinion had arrived at bas-ic fact that unipiown variables 
of redo channels rc quirod four oquutions for complete 
design of ultimate a onal, velocity, bz' a6t#  depth and 
slope. 

Lindsey stated " tihon an artificial channel is used 
to convoy silty water, both bock and bps scour or fill, 
changing depths  gradient, and width until a aotuto of balance  
is attained ut which the channel is said to be in r gimo,. 
Thea regime dinon stone depend on discbt rgo,  quantity and 
nature of bed and ben s lts  and rugosity of eiitod ooct-.ont  
rugosity Is also affected by velocity, which determines the 
size of vavolct into which the silted bed is t ro .r" Cl4) , 

The statement clearly rocognisas the influonco of 
the quantity together with the nuturo of silt wid ripples* 
Unfortunately thoso two fc..ctors wwOZO not Given their proper 
Weight for considorablo time afterwards. 

ndloy colloctcd date from ?86 observations # cover 
ine over 4350 in of canu3.o. The ooetions selected by him  
woro only rotor and straight roaches. Igo did not attcipt 
to ooloct the stable roaches. Ecocauoo the purpose of hia 
investigation In his own wards was analysed 'to coo to what 
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the avora o trould lead. The collection of data i ao thus of 

eonaiderablo etatiatical valuo* CovorinC a laZLo t3y8to1 42iebJs 

awho3.O might bo convidorod as onoillating botuoon ailttng 
and scouring* Ito diocbargo fiord obcorvod but 4id' o, 
doptho and Slope tiara raoammd. 

Linc3ioy a loq_d the ICuttor fora to coaiputo vo-w 

locitiaa and obtained the fol,lo '.n; relations in (fps units) 

V = 0.95' OJ7  

V a O.5'9 D0.35'  
by combining them it can ho iritton 

The eorraapondin(I formula a in metric unite are $ 

V = 0.567  
V a O.a?1+  
B = 7.8 D1 1 1 
	

i s (2&n) 

In which B Is a'v'ora o bed vidth Leto that A °_ M., lh-* rogino 

oquationc of Lindley# in conjunction 4th those of continuity 
and flog l.vo four ecauationo for tho dotormination o f four 
tn71tnouna# fl,D,V and S. Since A Art 11 `both are a function of 
D cnd D, can be oaeily o proscod in toxic of B and D. 

Lindley cwcunod a formal croon noction conoiott.ng 

of -A 	onw, I b.l a td Ito 102 230 o30jcz, card it to p c 

tioo to apply b.io oqu3tion tv natural channole. 

bindloy relied on Kuttor' o o cation for dotormininc 
velocity. Thorofor-i his aralyOis .I:ao incomploto. Ho nado 

no atto. pt to oorrolc~to ruocity and silt j ratio, but 



ass mod n = 0.0225. 

Lin a r+ u equations arc valid for B <32 m (150f't) , 
D 2.7 m (9 tt) anc V <1.O m 'cac (3.3 ft/cee} . 	th' d1 's 
data, Lacey [i ] doxivod the relationship below 3 by as 
in that In large c&nnoir B aproa, oa to P as n limit 
and D ►pproachcD It. 

Q 

not, Q r. AV =_' . t.V. or B 	---. 
PV 

Then from E (2.6) we can sr.tto (fps unite) 

P = 3.8 AA1.61 	3.8 	 " 
p1.61 v1+6l 

or p3.18 	3.8 	 1.61 

(0j9)•61 

P = 1.98  

'Eruct Ing1i-e [11 j obtained tho tollouing oquaat .onc from 
the came data (fpc un ..to) 

tJ 

 

23  

D = 0,57 #13  

In 19a0, ICbaxno j [ 12) , ,avo the follouine roll tiofv 

V 	0.0;~°~ 6 a 	 ...(a.10) 
In 1921,   Dolodia and Iota&. cave two other rolationD 

V = 0.028) ? S 	(1a1©dia) 	...(a.11)  

V = 0.0"w 	(I1tic t11)  

The above rolutionc b;.~aoI on Egyptian date later influenced 

Lacoyta tbin1tin# on tho cub joct. 
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2.5 LACW#S REGIL1i; WtJATl0iiS 

The CtatoxaQnt of original Lacey theory apponrod 

first in western Publication In 1929 0 3] and 1933'3. (141 • 

In 1939 in Technical paper X~o.2O [4+] he revised his o aua-

tions from earlier publicationa. Tho treatment given bore 

is bcrood on the revised version prosontod In 1939. Official 

design dicgr a faro iouod - a orrly as 1932 [153. A further 

Western Publication of 19l C'161 ad.do come opeculction to 

the original matorial. In tho papor published in 1958 Lacay 

discussed about the objections for the use of P and R as 

par eter [171. In his paper in 1966, he has discarded his 

' silt factor completely and inatcd considered taco soda ont 

concentrations settling velocity and median diameters [ i8] 

Gerald Lacey retired as a c? iof Lngineer,, Irrigation 
Department U.?. (India) in 191+5. He carried out a long detailed 

studies of the problem of design of stable ch;.nnelo in 

alluviumand contributed significantly 'towards the advance 

of knowlodgo in tkic cub3oct. 

Lacoyt c outlook uuc oa ontially the t of the phyniot. 

Ho approcioto that behind the relation o boun by oxnpirica], 

plotting, thorn must be ralativoiy a aiDplo low connocting 

dri:aic~.l que ntitioa ouch ac forcoc and anorgioc. Further 

he zido uSe of vhbt conventional fluid Ilechcnica i, uld call 

sinilarity conoidortiono, fih t jog ho viau lizod call 

channolo uo noaelling larger ones, €end ho paid attention 

to the ;;c y in rir3ch different dimonoion uzo Inca red up'. 
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2 j.1 io1xio aaaPbysicalCorzcopt  

According to Lindley postulate a dOl cato and pro-

ciao balance in all the dimensions of an open alluvial 
channel c .n very seldom bb perfectly achieved, for the .ra are 

too many variables t which in practice not all are Q(lUaUy  

free to vary. 

rwr regime to be atabilishod "undamenthl require- 

ments are that s 
9. 	The channel is flowing In unlimited i,ncohoront alln 

vium of the same character as that transported. 

2 	The silt grade and the silt charge are constant, and 

3. 	The discharge is constant. 

If there is a complete freedom for lateral move= 

want , it is called "true egine ". Lacey also do fined regime 

channel as stLble chdnnel transporting a regime silt cbarge 

or it can bo dotined "A cbuniel uili be in rugs a 'glen it 

flows uniformly in incoherent unlititted m1l viui of the sc uo 

character no that tr"nsportcd nd silt and silt charge are 
all constant" '[ 4) • 

In 19 , Lacy defined a ragino channel with rea" 
pact to eodimant ch~.:rgo as e" ' a stable channel tr;anoporting 
tho minims bed load conaiatont vita a fully active bade E16 )  

Inc ohoaront Alluyiue 
Soil composed of looco granular riatoria1 which 

can be scoured as roE,dily is it can be d ,positod. The aatorial. 
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is a coffin place in the laboratory, but seldom ropvo duced 
perfectly in the fold, The riaterial may range Iron veryr fine 

sand encountered in rivers utth small slopes# to ravel pebbles 
and boulders mat with in torrents„ In this nd(truoly.  . 

incob^ront) of material the z2girn balance is very delicate,. 

since ar amn.l fluctuation in velocity ov turbulent , from 
whatever cause, must at up in-ctc bility. In nature the 
entire vatted surface of the chnzo3. to soldom tncohoront, 
shon the silt transported is very fine a cd mi .od %rith clay 
such Salt once d+ sited and cocipetod in tenriceous, r...nd 
may prove for more difficult to scour than coarser incoherent 
material. 

'. uctuation in discharge provide frost period' for 

fine, silt which aggravate this flcomcntin; ►t tendency in the 
bed of channel.. 

R gi sil' Ch rAe 

it is the rniniEIu. transported load consistent with 
fully active bed, 

J3y a Silt gr, do Lacoy meant not the average mean 

diameter but tho arcO..atton batoon the c►-~11 and biL 
particles. Mia may prob Daly C.vo ': iotricr,.1 c-2Ztograma 

or ot2o distribution curve. 

I,p1d.nQ In River 

► In candy and boulder rivers the only civaoi-rogiuo 

or to porLLry rogue may eeiotw Although tho sand in a river 
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b©d may perfectly incoherent it is zit" full ctaEen, or 

hi(b flood that river in 'alive' at other time the bed 

may bo inert. In travel and boulder river and torrents the 

effect is still more marltod. It is only Ong the floods 

of Brcat manitudo that rivor in fully active for a abort 

.period botuoan the scour of rising and deposit of fallinG 

flood atago. J.0 the flood subside tho boulders,, grLvol and. 
finally even the sand bocor oc inorta. Honco tho rivor in 

low discharge may be considered Sao ricid boundary a o far 

as the cdiuont rovmont to concerned, In Sandy rivora in 

alluvial plain the .froodon for lateral movczont is achiovod 

to some o ctont and by meandering adjust their length and 
elope. Zn al . boulder rivers, and mrny foot bill sandy 

torrcmts, the slope is a dominating toiture imposed by the 

terrain. 

Ro .r o in ArtiFicia . Channels 

An ar*titicial cbannol will h: ve cohon ivo tcn1W 

and ac Duch ubcn it cones Into the oorvivo brat* it 411 
hzLvo a given diochor; o' width, Silt grcdo and silt concc nn 

tration. Channel oocavatod in first ire tanco with defective 
Olcpoc, and cauowh.:at narrow di mencionG, are free by icinodic-

toly throtrinG inc oho •cat silt on th,., bed to i;ICrO .$O their 
slope©f and by uonox ~tton of incro ,c d to c thiovo a non** 

Oiltino initial ro 3t , Such chzmnolo if tho borne arc grassed 

and the 'fir wo are tcnne un $ will be c"ub cctotl to cons ,dor" 

able latob al restraint rand If the banes. coil to of clay the 
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aid*# may resist erosion asst indofinitoiy . Channels of 
this type achieve a working. stability but are not In # nsl' 
regime. Thus the initial regime to the state of channel that 
pia a formed Its section but had not attained the final slope. 
Different initial regimes Mapes uuy progressively occur at 
one site as the slope is in the process of attaining the 
final regime, which may be either scour or silting. # bal e 
regtne represents the conditions  when all a .emonta of channel  
cross section as well as slope are equally tree to vary,, 
In the case considered the wetted perimeter far from being 

a variable is appreciably constant* When the channels are 
protected on the bed and sides with some kind of material, 
the channel section cannot be steed t and so there is 

no possibility of elope to mange,, this type of channel is.  

said to be In pormenent regimes Regime theory Is not 
applicable to it.. 

2J.2 Ra4 e flqwitione 

Laser adopted .nd]..y's earlier concept and with 
respect to unique section he stated " A constant discharge trans*- 
porting silt of regime grads, and flowing in self transporting 
alluvial plain, tends eventually to assume a gradient solely 
determined tsr the discharge as silt grade$  the mean veloci l  

hydraulic noun depth and wetted perimeter will also tend to 
unique determination" [ 13 

Such a consta*t discharge 411, tend also to trans' 
port a fixed #regimes silt charge. According to this statement 
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in all regime channels in incoherent material the primary 

fundamental variablos are moon velocity$ the hydraulic can 
dopt s  the water surface$  and the bed silt grade and there 
are only two independent variables,, the diocharge . and the 
alit factor. Lace's idea was that the cause of suspension 
of silt is the vertical components of eddies Generated in 
aU points by the forces normal to the wetted perimeter and 
for this reason he adopts a hydraulic moan depth instead 
of vertical depth as the variable. Lacey plotted V against 
fl, by employing the Kennedy, Lindley and 4adras data and 
obtained first relationship as a general form. 

V CEf/ 

The square root of fl fitted, data in till cases and unlike 
Kennedy's option, the epononticil power bad not alteroc 
to suit different conditions, He introduced a a ilt factor 
f as a measure of silt .redo. Ho defined (1) such that the 
concept of Konnedyi s critical velocity ratio (a) is 
preserved, 

= 	"" 	a2  

Then th.i general foi of the equation (2.13) is 

se.(2.15) 

Thus In rosimo channel of the ciao iann velocity the hydarau" 
lie scan depth vnrica inversely as the silt factor, Zoforo 
m or f can bo co +uted the value of K must bo determined. 

The nu erical value of It will be determined when the 
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standard silt with a critical volocity of unity baa boon 
oro x iai63$r defined.. FrozEq. 12.15) uo can. tirite, 

C = Imo. rt It f1"2 	 •0 . 2 *'~ 56) 
The constant C o-hoto tho ioasuro of turbulence in rogimo 
cbannol. I could appear to be a useful Uoneral criterion 
of the 	ado of alluviuz l matorial. fogido oboorvationo 
of channel in gravel end boulders are lacking but observe" 
tions for channel In activo full stage, corresponding to 
quasi"rota are rccordod. The follouin„ table ivoa oboor-
vutioir ovor an OZtra ordinary ran„o.. 

Tabo2» 

Valuo of C 	Description of Silt grc.de channel  [ 4 ]_ 

0 =x'39 	Ism31a Canal, I t ,, Vory fino aLxt 

1.056 	Upper (k.nges canal diotributary,India Fino sand 
silt. 

I.460 	ttismu7 Rigor, U.S.A., Coarse river aandq 
1. 	I~ River Hamilton, U.L3.A. Gravel nand and 

Clay. 

2.+30 	Rhino at i3aolo. Gr vol and 8bini lo. 
2.919 	rMr Rivor k varia, ~oarso gravel and detritus, 

4.28 	Itandor rl,vor, Canton Rorno, Very ooaroo detritus, 
-- 

The t:blo cøuo that tho ratio (ujRI/2)=F 6radO 
materiel tnt ortodd ,. 
2,5.3 L-tcoyl a Flox 2qutione 

¶ b i form of gonorol ogtvtion V =en112 slim o the 
possibility of oo a:icon tiith V1tD to Cbozy oquction 



V = C J • Unfortunately the slope 6 enters the Chezy equa 

Lion as a third variable thick ciaho any true comparison 

Impossible« t1odorn practice favours, replacing the Chozy 

equation uith an o ponontial of the tanning type, 

V = C' Rn 81  .. 2.1 
In metric unit It is in form. of 

V in X1/2 ...(2.16a) 
T'he slope's pouor io uniformly cta5iWned a value of 1/20 

but for R thoro are different values occording to different 

authors. The following table gives the values of exponents of 

some nodorn floe * oquations. 

n Authority 

0.667 	Mannin,Gaucilor 	Thic equtionte very closely 
replacon the ICuttor Zor Aa 
when rational apogee arc employed. 

0.700 	Barnoaq rorchheiner Bc tov a t3ap_)roEimtc formula" 
for earthen canals and rivers 
Aloe known as tho 1rchboimer. 

0.7 	Lon 	 Loa's opprozi aato equation for 
"earth channol3 In ordinary 
condition". 

All of the of ovo for idea are Qnpirical, it can be concluded 
that one 	:. i the rogtto viori point my provo fnthxontal. 

Proo Eq. (2.15) and (2.16) tie can write 
C' Rn81/'2 	Cnh/2 rnd 

2~ s1 2 w c/c+ 	 ....1 
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From the plotting of Lindley' a data (in FPS unit x 
by the method of least square, the most probable o ponontial 

form IS as fo1loia • 

80.490 8 = 0.000347 

or •having regard to the probability of simple power 

0.040347 . The correlation of tdraulic moan depth 
and the slope can by written in general form 

111/2 B = C" 	 ,..(2.18) 

From Eq. (2.17) and Eq. (2.18) 

2n-1 	W and that n 	, thin o i s similar 
2 

power an In Lea's oquation. 

1qn( .18) may be written to anothor form, 

F(RI/2 8 ). 
n 

I 

From Rq . (2.9 , tho ,Gonoral is obtained no 

V = C 81/2 (c",) -n' (81/2 ) n 	...(a.19) 
From the ,fora of Eq. (2.1,) and (2.i8 It is ovidont that 
it is possible to corrolato .0 and Cis and thus obtained a 
aonora3, roGimo equation for .olluvia1 cbannolo in terms of 
V,R and 8* the rugocity boin, implicit in tho vc.luocof 

fi rind 8 adoptca by tho cl rinol. To do so, it is boroforo 
poo3lb o to oiprosa one Gilt &radj coefficient as a tunct on 

of t e chor. If we consider Lq. V CR1/29 tho coofftciont 

C is a constant when the channel In in porfoct rogino and 
silt or:.c~o is a constcnt. 8inilc,r1y in the ogta tion Ii1' 	0119 

tho coofficiont Gas is a coiatant for conatrnt silt grade 
and perfect reeimo conditions. Thorotoro we can write offoctiv y 



ci = P (C ) 

or V,R~ ' 	P(Rh'f 2 3) 
From plotting fa large mass of data and statistical analysis 

Lacey found the best fit relationship 

C = 16.0 (cn)1"3  

or putting the value of V2/R1/ and R'12S from C and C" 

respectively 
16.0 a213 sh/3 

In metric units V = 10.8 R2/3 81/ 	 ...(2.1m) 

The equation (2.21) is very imortant in compu' ' 
tion of high flood d Ucirge. This equation is uppoC d 
to apply to rivers, only for short period at the stage, 
3bon thoy h. ve just ceased to scoured and have not yot 

begun to deposit oedi tent.. At that time a river is in 

momentary regime. To is terpozc ry condition in rivers 

and torrents Lacey applies the term (gym- si"racime * In thin 

condition the floe oqu~.tion of tanning or ICuttor cannot be 
used b3cauoo - of high flood hcn a river is in atoinporazy 

rorir o,, the abovo quation can be visod to find velocity 

with proci^o accuracy. An illu:.~in, ting equation can be 
obtained by cubinC equation (2.21) and (2.21t) 

V3 a 4096 (R23) 

V2 	a 4096 (fl/V)RS 	 ..,(2. 
V 	64.4 (RvV) 1 2 j R3 
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Corresponding eguAtLons to mu is urtti are s 

3 	1260 Has 
V'2 x 1 	R/ 	 ~ ► 

V 	355 (8/2
ji8  

Then Ch.sy coeft e.ent or .O+) l'2 (in is ate) 
and in itetrtc units It is equalto *5 (fl/V) 1/ . Now 
putting V^!K I (from sq.2.1) , then Cher 

coefficient C - 	 (inmetric tests) 
KV2 ti/4 

or 
C a 64,0 R112/ V2 l/4 el 

T+ 	1/4 / 1/2 fl/" (Zn tps unite). 

The 	e; 1. regime equation can therefor. be co r wort d into 
a flow equatton of wing types in which the Chesy coefti  
o o t is r 	sonted by E1 '4 / n in metric units and by 
1.3458 IA/A in ps =its* Awn putting #J,(11 2f1 

wthere Na is bung Lacer absolute rugositr ooef ci#ant. 
That is 4 coefficient  determined eo.oly by the average *UUs 
and density of incoherent bed material of the channel. 
Then IQ * (2. 	can be written as 

(""` R'4 jii3 (in metric units) 

	

or V a ' .t RV 01/2 	
.40(2*23) 

* 	R' 81/2 (In 	units) 
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The equation (2.23) is the sand form as Eq. 2.21. but the 

indices of .1 and 6 are different. The lattor applies to 
por foc~t ro ina condition only and former can be applied 

to regime and non rog t o channels alike$ to channel with 
ricid boundary and non rigid bouncdarios. 

2.5.4 Na-F Relation and Tutor, #.notion of tlumortca1 
Coefficients 

As previously mentioned the value of absolute 
rugorisity of coefficient Ila of Lacey depends only on 
the grade and density of boundary natorial and aro indc 
pendent of channel conditions. Kennedy treated as standard 

silt the upper I3ari Doab canal silt with t = I and the 
value of in = I . Lacey treats as standard the sandy -silt 

in (A regime channel, of hydraulic mean depth equal to one 

metro and operating with a value of Kuttert s n of 0,0225 

This definition is rigid and ap.'lioa whothor the Kuttorg 

Manning, Porcbhoimer or any other oqu Lion of enning 

typo is employed. Hence lacy oq.(2.233 	. ' - is 
comparablo to Fannin _ flou equation V 0 2 R'3 

and would givo tho same discharge .ton n to equal to 
one metro. 

Prom the abov - description the follotr .n,G ro?,a-
tioobip can be doducod. Compw.rinG z q. 2.23 cnd t'.^. zning 
Vorzula, uo have, 	

It 
V M I R2I'3 51/2 	- - R3' + Sh/2 

n 	 I3a 
Putting it = 1 9 tie Cot, 

n = I1a and IC 1 0 1 
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Thus the Lacey' a flow equation (2.23) will be 

V = L R3r' 31/2  (in metric units)  No 

	

s112  (in fps units) 	...(2.23a) Ne  
For standard grade silt value of f = 1.0 and m = 1.0 
and FTQ  = 0.0225 , As already derived K1/Tla 	35.5  

K1/2 f,1/f 

This w .t ns thL.t, Ila  ac f1/4  i  since both K1  and K are 
numerical coefficients not dependent on the grade of silt 

and since T1, = 0.0;x, 5 whore f 1.0 then Na d,O225 f1 j4 

Na = 0.0Z25 m1/2 
	

r 3i 

The value of 11, are given in Table 2.4. 
From the relation already derived Cbeze's coefficient 

C = 6'.O (R/V)V2  w &..O R1/ /K1/2  m1/2  and E. (2.23a) 

C = 64.0 (R/V)1/2 = 64.0 R1/ / K1/2 m'h/2 = 1.31+58 / ITn  

Substituting the value of Ida  from Lci. (2.24) 

6VK1/2  m1/2  = 1.3+-58 / 0,0225 m1/2  

or K = 1.1547 or K2  = 	in fps units. 
3 

0 imilarly 
K = 	(in metric units) 

5 
.low equ:.tion (2.15) can be written as 

(fps units) 

R= V2  
4 " f 

f 	Y2  

metric units 

..(2.15) V= 2   FM  

..(2.15a) R  
2 f 

..(2.15b) f =  
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To evca3.uate the value of Ct in q.(2.18) we can write from 
» (.0) that 

C" C3/(16) 3 = c3 1'096 

The value of C i( in :. r an 
J3  

Then in Ica. (2. I ) substituting this value and sthplifyina 

we got# 

R1128 = C" = C3/Z.096  = ( 	} ' 3  / 4096 

or R1/25 0.000372? m3(f= in) 
.,1 

8 = 0.0003727R 2 f3/2 
f = 193.10 (R1/28 ) 2/3 

... (2.lBa) 

In metric units, 
8 = 0.00020'+ R~l/2 f2/ 3 

t= 290 (RI 2S,)2/ 3 
..(2.180 

.. . (2.l8brn) 

Rq . (2.18b) is of groutt practical value in computing a 
woackin.; silt factor for irrigation channels. If the channel 
in in perfect ru,jime it 411 conform i4tb Eq (2.21)  and 

it will iumateri al if tiht; Gilt: factor is cur putod from 

149.( 2.15) or from Lq. (2.18b) . Tho two rsulte will be 

identical. if the ch nnal is not in perfect regime beat ropro* 
oontc the optimum standard of local maintenance, and also 
nottbor silts nor scours Eq. (2.18b) is evidently a bottor 
criterion. 
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2,,J silt Pctor, Grain Site Relation (f 4 'oolation) 
wT~l rr - r~J~FI I ~~~Y~11~~91(Y~1~ 1 Iw~~ ~Mlr•rl Ml 

Lacey correlated the ( a t factor to the Atzo 
of bed uatotal (6) on do bards Of thzt the eilt ,factor 
t 411 be dependent on the average aloe Of bounds ( Ito* 

rial in the d.'kmnnol and Ito donoiiy. The opeotfic gravity of 

transported material In Inds rivoD is ve r nedrV that of 

quartz0 t e, 2,665 and is practically constants Tboraforoo in 
the ca c0 of Nome cbunno1o in ititch the transported uatortal 
and boundaz7 inatortaahavo the óaoo cha ctorieticcv the o Ut 
factor ( can be diroctZi rob ted to the avorai e rai.n =O( . 
Thia attest was done oiiptrtcnU'b Laeo. The dnt with ciao 
at ntoria1 ranna trom boulders in '8on Bivery 63J apt in 
diemeter and to fine s :d In 10 er !.aeiaeipi tth &0*3V0 Vero 
weed ae criterion of z'elattondd . The relationship haC boon 

found as boo 
fa 

a 

	

or 	Vr (#25) 

hero 4 is to on 	ino 	o , If d to in. rt$ then 

The valued of (d) end Ct) afro t von, in Table a.. 
A13LE Jè  

fatoria 1. of CImn olo Va1UOO of 
- Nr-- *-- 

Ccicnt Plaotor 0.010 
Athlar and good brick work 0.013 
Rough brick torko or rood otono work 0.01.` 
Stono c..orlt i.n y oop conditiono 4.018 
Earthen en can of In Utcollont ordor 0.020 
Earth= ehunnol in 1odo 	to ordo 0.0225  
Ear 	cn cbnnnol in Poor ordor 0.020 
,arm obanno . in Bad order 000 	1 

EQ then channel in Very bad order 0.03O 
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Table 2.5 [+J 

f 	+d 	1-ta 	 'Typo of channel to vhi,cb applicable 

0l .40C 	0.052 	0.0179 	Very fine silt. Ismailia Canal,Egypt 

00.500 00.081 0.0189 i .ne silt Madras Godavari Western Delta 
00.600 00.120 0.0198 Fine suit. Janrao Canals 
00.?00 00.158 0.0206 Pine n i It Krishna, 1 c store Delta typo 
00.850 00.233 0.0216 M•33diu 	s ilt•GanGos canal Distributory 
01.00 00.323 0.0225 Standard silt . Pun jab delta 
01.250 00.505 0.0238 Medium sand Griffith 
01.500 00.725 0.0250 Coarse Band, Kennedy, Buckley. 
01.75^ 00.988 0.0259 Fine Ba ri and sand N.W.F. Province 
02.000 1I 01.290 0,0268 Leavy sand Griffith 

02.750 02,f20 0»0290 Coarse Ba jri and sand N.1J.F. province 
04.750 07.280 0.0333 Coarse Grr vol 

09.750 26.100 0.0390 Gravel and B jri U.W.F.Provinco 

12.500 50.400 0.0424 Boulders and Gravols 

15.000 72.500 0.4''2 Bouldors and ShinGlo Jamuna Riv©r 
21.150 188.80 0.0500 Large boulders and shin Le 

Bono River#  Covmliks United Province 

2.5.6 Derived .Iolationohip 

Lrcoy obt:.inec1 froia Lindley observation I  Lindley had 

otatod tir t be a:.0 no rcaoon iby the law Govo; nine; vulQcitioa 

tint' vidtho should not be of the 	sane character as th-.t governing 
volocity cnd depth 	r1+1 . This Idea has iuplicit concept of channel 
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soction generatod by fore©3 resolved into lateral and vertical 

components. From this Lacey argued that 
V =F ( P) 

or f = ft P = f liP s', etc ..= F' CV) . 
From tho equation (2.15+) , in all channels of the same 

m_pax] v.locity t  it follows that 
= t;R. = f:,Ft",  t  etc. .. .=Ftt(V) 

Should also hold Good. Uultiplyina the series together 

At2  ='f'4  = A"t 2, act. 	..... 
or At2  
From available data (Kennedy, Madras and Lindley) plotted 

by Lacey#  it lbus boon found 

At2 	(in $ units) 	...(2.26) 

and 	Af 140 V5 	(in metric unit$) 	... (2.2 
by dividing the first series by second WO ,i1i got, 

P, 	7,.12 V 	(in fps units) 	 ...(2.27) 
Now o have dnduccd three basic equations by which all other 
cquationu can be derivon ao i)c'irw. Basic cqu"tion3 aro- 

	

fps Units 	 Iietric unit. 

v 	fit 	..(2.15) 	V 	r  Pft 	..(2.15m) F 
Ai l  = 4.0 V1  •it(a.26) ,Lia  = 11+0 Y 5 	.. 	(a'.20') 
V 	= 16.0 fl 13 01/3 ..(2.21) V 	= 10.8 Ra/ 38h/ 3 ..(2.21m) 

(1) p and A rolatio: sbip 

Raising both aides of Eq. 2.15m to fourth power 
v  =  

25 
Eliminating f'2  fron this oqu. tion and Eq. 2.26 we got# 
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A ( 	".) = 140.0 V5 or A( 25  .) = 140.0 V. 
4112 

Mui tip1yinC both sides f tf As we get, 

1~  2 
w 140 AV = 140 Q and Pa 

1, 	 R2 

Then P2 = 4 	 J 
2a 	25 

.i. p=4.75fQ 	 000(2.2Bm) 
Xn fps units P 	 ...(a.28) 

2.V A*f Relationship 

Foam Eq.. (2.26) , by • _thultiplying both sides by V 
we get#. 

Afk 1 .CV6 
Q 	= 140.0 v6 

ot2 1/6 -- —  
14010 

t 2̀ 1/6 V 	['j 	 ...(2.29) 1+ 

3. S"O-f Relationship 

Cubing both sides of Eq. 2.21m 

v 3 e 1260 R23 or 3' = ( L
) 5P/3 _ 
 1 1260 ( ) /3 

•,.(2.21r 
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From Eq. ,.15n '2  n 	r and putting R = VP 

and P J r+.75 Q' we will get s, 

.I  . 	 4 	13 

12 60( 1t) 	1260 ( )1/3 

1260(-  - 2 ), 3 

8 w 0,04030  

In metric unitc 3 = 0.00O2 (i'/Q1/  , 	.. (2. m) 

Cubing both eidra of Eq. a0am and Eq. 2..1 and QkmtnstiW, 
'3  bot turn both equations o gat#  

A 

V3  = 160R28 czn8 fi 	()2 t31  

t'ya 	 f 2  or S 	- 	= 0.000204 ------- 	, .(2.31m) 
4980 R  

3/2  ...(2.31)In s Units 8 = 0.000373    
E 112 

 

5..  -t%oq, roL tionehip 

If vo put q = FVV and n k© curia athp1itic tion in 
Eq. (2.aimA) vv sot, 

6 x )513 	 = 0,000178  
1260Q1/3 



V* 

(3/4 5/ 3 3 	 f5l3 
fin . fie) $ = 	 = 0.000391  

4131.1 	 q 

6.  aoame Scour Depth Rotation g 

From Eg i 5 am as aircW ' dcriv^d r 

4 2 

2f 
And from Eq. 2.15m  is alroar3yderivod, 

Hence# 

3 c} 3  

(In a units) a = o.+? (Qt t') 1/3 

If va put c IcN ! andR 

q 	V 3 

t 
Substitutin4., for V froi Eq,. (2.29m) we got 

Qf 2  3/6 	1/2 = 0.21C? 
q  2 f 140 

in ,pis units q, = 0.375 01/2 

...(2.33) 

,then 

•;(2.330) 

..(2.3'+) 

By substituting for Q = (q/0.21)2  in ;q. 2.33 It 41l be 

A = 0,4 3 -q - )2/3  St 1.35(  

in a units#  n = 0.9 (q2/ )u/3  
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The Idoa of Shock 

Lacey proposed the value of absolute rugooity cooffw 

totont should be oonathnt and indopondont of channel cond"i" 

bona and dependent only on the grade of boundary. Therefore 

• be divided the slope into two parts one to overcome the 

friction and other to meet the losses duo to irroLnaaritios 

or r ounde, bende and ohannol:i conditions. This note idea intro• 

duood the concept of s-bock losses. 

The value of shock -losLoo due to Irregularities rough-
ly coincides v tb form recistunoe. But the variation of rugo' 
sity coeffioiont was observed by canal engineers. This 
variation probably is due to: 

I. The actual relationship botwoen moan volocit3r, haflnoi 
slope, depth and ru ocity coofficiont i logarithm 

V/V, = 6.25 + 5•?,5 loc 4- '0 

But it to ".pproirar_tod over o wide range try one o th 

power e~zponontiel equation as V{V, = 8.12(R/Kd 1/6 • But 

Laceyt s equation in in the form Viv, cc (R/K0) 	~ and 	+y 

this, is valid only in a narrow rango of low I /K. values. 
2. In cao of movable bed channels, ripple formation takes 

plaeo on tho bed. When the flow takes price over these 
ripplooi the proo: uro on tho front (the aide fccing the 

of thuco ripples Taro i or _ than fit u pruauure on 
their roar. This difference In prooauro adds to a conai-
dorablo proportion of the total. 'orco balancing the tangen-
tial co ponont cf the weight of water and only the 
remainder in provided by friction ronist. nco. This kind 
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of real stL neo to flow caucod by the form of channel bed 

and bank Is called form rooi$tr.nco. The form rosiotance 
is a function of Sizo shape and spacing of the forma, 'tint 
those are themselves dependent on the flow condition. 

Tborofora„ thGro is no reliable method$ at present to 
calculate the form roaiataneo. Thus the form fresistancel 

and friction •resistance$ aro different in nature and 
hence the total rosiotnnco cannot be .related to grain 
nine alone. 

3. Lacy realized that trio rogitie channelo are frog from 

extern 1 rosi:ut .nco and 'shock" . But in aedimont 
transporting cb annolt rbich normally h vo bed ripple 
formation, this statement is not correct. 

i' ` St d000too the elope required to withstand shock 

loses., Then ]q. (2.23} can be written as belo~ 

RYA' C5-sq )1/2 (in metric units) 	... (2.3 
0 

V z I ',.~. 	(5.5,) h12 (in Fps units) 	2.36 Tin 

For So f be suggested v 3.uea oorrospcnding to n in ]vuttor# a 

formulane given In ¶'cblo 2.6. 
Table p. , 

Lacoy' a chock factor Sot for different channel conditions 
nn von by Buckley, 

CL nuoi condition. n 8 1 

Very good 0.02.255 0.0050 8 
Good 0.O250 0.1905 S 

Indifferent 01-0275 0.3315 8 
Bad 0.0300 Q.4.375 S 



Nov if too consider a channel in ,good conditiol, then 
from Table J. for good condition Tda 0.O, and for vo 

coed condition r1=O.O225. Than, 

or ($us ) ~= 0•9$ 
0,.OW5 	0.025' 

or $' =0.198. 

Thin incanc th- t in rood condition, the thannol 

edjusti3 br 1905 of &rose slope to over co .o 'shock.t 
In prectito the value of rio cannot be constant t-nd diff** 
orent v .uoc of 11a must be 11808 for different channel 
conditions as eivon in Table 2. + or Table 2.6. 

a.5.? Laeoyi o t:ork in 19 *oi 966 r16,17,18,191 

Z.ecoy has modified ,s oc t tionc in oubnoquont 
putileationS. In 19 .6, ac also Sought S p. port from model 
analyaIo thcory and pr000ntcd physical basin for his equ a 
tiono [16] . He dotionotrutod that his oquationn could be eado 
dimonslone ly horogoncouo. In 198 h diocuscod the it ►or-
tant par=ott ro thh:.t govorn the various flow foz'nzlao C 171. 
lie arguod that for the cr,eo"ooction, the width and depth 
are the correct poramotoro to use rather than P and R. But 
In all oquwticno involvinC gradient the by r~.ulic radar 
depth $1t+ # onto o ate a vu~ icbio. lho foz o In -j. (2.15) 
D. Could be ucod in place of Ti cnd in Eg. 2.2 3, W}n in 
ploco of P j in alopo formula 'B' rc !aino ' horo. In 1964 [19 

Lacoy furthor modified his equation by lntreducing tuo 

ncu factors o and B uhich two defined Gn 
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B as 	P/W0 v n 
R. 

0.375 o 	0 	via 

tin instead of poriaotor P in fonmAa P = 2.67 Q1/2 

Thus his now aqurationa are 

ilia 	= 26? Q112  

Dm 	0.47 ( 1 .)1/3 	 ...(2b39) 

1.73  

A 	1.26 (o/&' q5/6  

Uboro D 	mx.:an dopfi 
 = , i = 

tlo = water curt co 

L coy ucod 11?] the data tthich pro coUoctod by J uc]sioy 
at Ealoida diccbargo" alto on the Nile In Rapt in 1921. Ho 
plottod tbo o u ro root of Froudo r3umbor {  

against codlraont concontrutian, U. He dorionotratod that 

for a given acdirtont grade the parmotor Vf'R8 in ccnctant 
and in indopondont of oodthont concontrtlon. He obtained 

..(2.37)  

a is a correction factor for using 

tbo ocLition 

in his 2.attor pupor 08 ] i coy dlocardod his alit factor 

conn~iatoiy uid inoto:.d aasut2od, th3 sodimont concentration 

i1 in ppm . Settling volocity Vo and median dlaraotor of bed 

m3torici U. 



V rs conOtaft q1/3 (11V8)1"6 

Dm = Const q2/3 (NV0)116. 

6/ti 	Cona t. 	J 3 

q =DO.v 04.37Q112 
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.. (2.43) 

anYi(2.44)' 

...(2• ) 

Uhilo using Dm and l-~. are often morn convenient to use, 
tho formulao utilizing the revised not, Lion have not so 
far boon Substantiated by data . However # oxcopt in snall 
channolo, the differoncoc are not very, sigrditcant, and 
oithor oyston ray by unod, Using D Instead of R in 
Eq. 2.15 j - and rot rranging, 

horo I? in Froudo number find 6 is gravitational accole; - 
tlon . Tblo ocauntion is vary useful .n connection ith 
medal. 

2.6 !UITJ i ZRRIGI~TIOU Rca ij KGB Ir s`1'IT Th UATIOUS 

Lacey+ s paper In 1929'3) ± pz'oicod nfl rosoarch 

vortorn no tioll no f'lold on inoors to think only in one 
lino of orptricn1 approach. The aim of then- inveatigntion 
tyro to ch^ck up the Lacoy' o formula by weans of otatiatic 
theory. Tho observations cbood, that sediment chc rgo 
plays an Important role in dOOi ;n of roc1.o channel. But 
they havo not t ken into account silt charge. 



N.K.Bo8 ' [2D] in 1936, after several ye rs of pains" 
taking data collection and statistical analysis from Punjab's 

regime channela, obtained the follouina equation. 
-Corresponding Lacey s 

Equations. 

P = = a.68 Q  
V 1.12 itlf2  

S = O.00 a09 	..(2J0) O.21  

.. (2J ) 
6.25d 

P = 2.678 p1/2  

V= 

 

1.1 5 fl/ 2R1/2 .. (2015) 

6 = Q.0011 .. p -833  
Q0.1 ► 

(ft 1.76 g) 	a. 2.30) 

where d in the p ti.rde also in mm, 
In 1939-40 , 3•K. t1albotra has found [21 ] out 

V = 18.18 R06  .64,31*3 	 ...{2»5a} 
Comparing the above equations with Lacey's oguations, it 'i0 
soon that QP and V-R relationships are fairly clone in the 
tcso csaos, ozeopt the slope equation. In the above equation 
the po ror of grain Di o closely conform but the poor of 
Q Is close to 115 rather than 1/6. 

2.7 Y:WGLIC LACE! rvAno U) [22,23,241  

In 19I1, In .io statistically analysed the mass of the 
data collected from bouor Chon b cann.l and bad tricfi' to ovor 
comp tho obortcoiin c of Lacoy' n t:ork in 1929. Inglish objected 
mainly to Lccay' n oguations that they have no correlation 
botioon codiuont charge and canal variables. 



In 1936 in a diocuoaton on 't)r4 Boco Papor [20 he mentioned 
that bacoy' a silt factor (f) cannot be ëonctant in a parti-v 

c4ar channo1g since tho values of f dopondc on bad uaterial.  
DISC and the bed material also does not remain constant 

from head to 'sail 

So Inglis used these notations 'I' ,0 FRO and PM 

rather tban (f) In Lcceyt o equation as follows (tnfpo 
untto) 

PRO * 193*1 (RVIa 
2 

pmt0.7 
R 

m jva na 

0000051*7  
RS 

Qlfó 
/1 

0.602  

VR 

V 16 R2/3 s1/3 	_' 	.. d•5 
Fite 

The ranao of the data used by ► Zn s to as below t 
Rango 	 Standard 't vlation 

P valuoz from 0 982 to I e P 	 0.178 
V vaiuuO 	L' 04-09 to 1.21 V 	 0*097 
8 Valuoa fr 0.69  to 1.31 	 0.177 

t~horo P 9 V 0 9 roprcoontad moan values obtained by Lacc 'c o 

cquotiono, Yntjlio pointed out that those 'deviations:, Toro 
not duo to ohc'c or cobaronco v buttthoy resulted because 

0 



of variation in sand charge entering different channolo. 

Inaiin argued that H the sediment charge and Val 
the setting velocity of particles in still untor, are tho 

parnrotore ibich fully doscribo the characteristic of codi-

m,-nt in rc ltion to roai o floww. in 191+0.44i ,, ho concluded 
by model study in Hydraulic Research station* Poona, that 

as lone as IT.V In bold constant, the amount of material 

dopoeiting in uator was const::nt rind the channel could be 
lie 

in roginop ir-reaped of thothor the load was constant 

and grade varied or grade was constant and load v .ried. 
Following the lead of Prof. t.bito' s dicaencion].oso expres- 
sion be used th3 parameter (Pl'0) In white's equation and 

gave a now set of equations for quartz and 	in water to 

make a comparison with Lacoy's equivalents. The indices of 

Q in different equations were kept the sane cc those in Lacey'rC 

Three rain equations together with corresponding ones from 

Lacoy} S are given cis below: 

cc 	 1f2 ...(a.%) 

11/12 
A cc  

~5112dl/12 

512 ~l/2 5/12 
C oc 	1/6 	..(2.58) 

P = 3 0"x/2 ..(2.23) 

A=1.L6P5'6/f 1/3 •.(2.29) 

~5t 3 
S = 	• • t 2.30) 

'1844 

The otho..,a can be dorivod frou .the basic ono, 
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V cc 11/12 g5/12 41/12 Qlt6 .,(2.59) 	V = 0.79400/60/3 
..(2.29) 

Dm "G 	
1/18

Q~f 3• •X2.60) 

(NVS)1/3 	R=0.473(Q/f)1/3 ..(2.33) 
NV$ 

Where I = Inglis number 
(vg)1/3 

In 1957 [233 Inglis evaluated the constants for mobile 

study beds for water with kinematic viscosity V=1.25XlO Sft2/sOC 
(at 15 °C) . Observation . was made on rivers and the formulae 

were restated by him as below; 

NV 
its =17.8 ( 	-») 1/ Q " 	(fps systems) 	..,(2.56a) ) 

d 

,ry © r~ 	d__ Q1/3  
Dm 	0 • 12 	 1 /3 	 ...(2.60a)   ri 

N Y Q 

V = 4.67 (NVsd) h/l2 Qh/6  

S 	= 	3.86 (N ad)5/12 Q-1/6 	 ...(2.58a) 
• V 

Froude No. Fr = 	= 7.51. (N )1/ 

whore 	Solid volume of sediment transported/sec. 
N= charge = 

Discharge/sec. 

Dm = mean depth A/W8 in ft, and 

d = Woightod moan diamotor of sediment in ft. 

Inglis stated that tho values of constants are only approximato. 
Therefore the formulae will hold good for canals for a domi-

nant charge during, the year and for rivers for dominant 
discharge, since the charge is related to discharge. 



In 1960 In his diocussion on the paper 'Uniform 

water conveyance channel in alluvial material' by 

Simono and' Albertoon, he [24] restated the oquationa, 

using the values of d g,V5 and v as ratios t the standard 

values at 200C for quartz grains and Cadres coefficients 

as constants ho obtained the following equations In f.p.s. 

units. 
r~1l2 	F~~ 	1/1+ 

1/3 
R 	06473 0.1/3 ( 	)1/ 

[ NV0 	
,. 	 ~ ) 

a 	(„ 1/3 

X5/6 	 1/1 2 
A = 1.26 —_~...M....' 	NV 

/l2 d2 

v= 0.791 Q / 6 5/ 2 41/12 	.i  
[ (gv)  1/3 

S. 	0.000 1+7 Q+1/+6 81/12 d//12  	...(2.65) 
(vg)' /3 

1/2 

s .v = 0.000'+3 (gd) f2 	I 	 .. + 2.66) 

L 	1/3 

1/4 

.. 	._.9 5 	--~- --- I 	...(2.67) 
()1f2 	(vg) 1/3 

The Inglis formula sill yield zero tidthq velocity and slope 
c.nd Infinity area for zero silt charge, i.e . # for clear trntor. 
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The equations have not proved consistent# when they were 
chocked by field and laboratory obsorvationa [25 

From the oquutions it can be concluded that 

sediment chargo IT has avail affect on the area of the 
cb annola# comparatively more effect on width and largo off-
act on alopo. Tho variations in the oxporimontal work is 
duo to channels bad in laboratory, lotor dinchargc, atocp* 
or slopes and greater sediment concentrations. 

2.8 BLEITCH+ o EfU,ATIODUS 

From 1939 onwards, in a numbor of publications 
Q6-321 T. Blench bca been another notable contributor to 

the .rogt tc theory. The existence of different values of silt 
factor Ct) from Laco ' a aquationa impressed him to invooti-
gate the reason for it and modify Lacey' a equations. 

In order to eoparato out the effects of cidoo and 

bode from 'ft and introduce the offoct of aidos in the nlopo 

equation„ ho used the channel breadth 'u1 and depth # 
inatod of Lacoy' a P and It whoro 11 = Avorv6e width of channel 
on1 D = depth of the channel,, co that A = Ii.D. 
Blanch has shown thats 

P = 2.67 o1/2 
p2 	22 	2 -- M ------ 	2.672 = 7.12 vRP 

Tho loft than aide can be written 

V2,R 	~' J'P 	7.12 , If 	i ,ace R by' D and p r t er
/0 it 	

CE#gRAI i18RMRY UNJVffSIfl OF ROORKEE 
k'f)i1Ofrrrn 
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From the above expression Blench expected that there must 

be some hidden dynamical moaning, the constant would dcp-

end on bed natures side nature or both. 'But the factor 

V2/I) is proportional to Froudo number in tonic of dopth 
which must have dynamical meaning, therefore V3,IW must 

have dynamical m. aning, and, presumably,,- is rolatod 

to erosive action on aides, in somewhat the swo 	as 

q /D is related to oroaiio action on bed. 

Blench assumed the side condition smooth and 

borrouod from rigid boundary bydraulico that, the square 

of mean tractive force intensity on hydraulically smooth 

sides is 	or 	v 	, where p is the mass don- 
Uf 	 U 

city of water. So for the Renolda numbers, sectional ahapoC 

and aidoc rn tortal covered by Lacy's ana .yaism ho conclu-

dad that the normal aide flow is smooth turbulent. Analysis 

of WI) i in terms of Renold+ a numbers and other nondlinon-
atonal variabloc leads ling to discover that CL double 

logarithmic plot of ,QDS/V2 a, ainat VtU/v gave a otraight 
line of slope (-1/4} . Now, if the friction factor( 	) 

V2 
for smooth circular pipes of diameter D is plott-d against 
VD/v 9 the Bla1 iw3 straight line of rigid - boundary 

by(1r€w&Uco is obt-~inrd with elope minus 1/49 co the dio-

covory true that the regime boundary In just a eonoralisod 

smooth ones Thus, for channolo with cohesive nicco©1 end 

dunes 	on body and very o all bod'load charge, the 

origin61 Lacey cqu~~tiorbacamo gonorali. ad to 
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17b  s V2/D 	 .. (2.68) 
dofining bcd-oodiment factor or 'bed factor$  

...(a.69) 
defining ' aido-factor' 

Tho later factor multiplied by A' , 9  to believed to be a 
factor in f  but not a proportion to, the square of the 

an tractivo force intensity on the sides, provided, an 
zppccrs to be the case in odoratoly well maintained 
channels, the sides are hydraulically ar2ootht  and 

92 1 O.2 3.63 t .y.y 	 ...(2.74) 

hich is t goneralizod form of the Blcci a equation for  
snooty rigid circular pipes. The practical design form 
of equations are 

w 	Jb 	 ... (2.7+ n) 
F o  

LL"bb  

/6 1? 1/12 

r 

4ccordin3 to Sg.(2.70) the value of Chozy Coeffictont 

writ tout S rlt chit rgo Co  in given by Dloncb as bolocr 

2 	 'fit-! 1/4  3.63 ( "- ) 	 ..t2.7Obi 
V  

Per largo bad-load charges, dunes on the bed the conatont 
3.63 should be replaced by 3.63(1+ac) or, 

0 
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8= 	 ...(2.?2b) 9/fi  
In which the value of a is a constant very poorly known 
but rocommonded•tontativoly as 1f233 for natural sands and 

gravels and 1/400 for uniform sand such as used in the 

clascie Gilbert flume experiments, C is a bed-load charge 

in hundrod*thousandths by weight. But the wholo tcrrn(1+ac) 

is unlikely to differ appreciably from 1.0 ozeept in 

canal with abnormal loads. 
According to floncb the shape of the channel cros*- 

ssectiori depends on rb'Fe ratio. He propos.:d the obapo of 
the channel as trapezoidal section vith side slope about 

two upon one. 
The recommended values for side f: etor in design 

are as follows: 
po = 0.1 for bank materials of slight cohesiveness 

Fo = 042 for bank materials of medium cohesiveness 

F = 0.3 for bank materials of high cohesiveness 

Fo 	e/ 8 for rounded gravel, imbedded in finoo 4th 

slight cobooivon000 whore Vbe moans the bad factor 

that thn side material would have if it wore bad 

material of small charge. But this is not accurate. 

For the cohesive azitcrialç, practical experience crith ro 

1' ttv^ll unrr :►nt-~r y bn transferred to colder utter, if 

ctan ;o of tomperutsra is aoaul-iod not to affect eohasivonooc 

Thud if F io a aide factor found suitable for a given. 
ntorial of kinecatic viococity v1, the ocmo material 

would work to a fe ctor Po, in water of ltinezmLtic viscosity 



V 2 whore  

Bed Factor Fb 

I. — for &,all Chargo (1) F, = 1.9 J 	in which 

suffix zoro mooana '!mod load is Cory a ll#, Lind dM to 
mediandiameter of bad sanplo in mill.imotors in sand 

range Table 2.?. 

For Gravels 
	r cc d~ 

in tybtch the proportionality constant should be determined 

from predominant &ravel Size. Gravels allowed to canals 

ate rn to. 

X3- for pprociablc Bed-Load Charge 

(I) or dine in natural bed material upto and Including 

fine aravolso 

r (i+0 .12C) 	 ...(2*73) 
Pox' coarser natural matorici, the cargo formula may be used 

Frith rental roSorvation. 

(ii) For shoot flou (when tho dunes are vanished) which 

will bo aoQunod to start cuddonly of critical, velocity 

( ))1/2 aitbouch there is probably a transition Otago, 
ui th unifom n:a toric~l unto cud including gravels 

'b c 32,2 + 0.06 (C-lCC) 	 ... 

a:horo Cc Is the critical chcirgo occurring uhcn 

ft/soc2 = g or It can bo found from the 1Q. (2.71+) by 

in cortin g Fb= 0 = 32.2 f t/ soc2. For coaroor mtoricl it 

could be used 4th t ontcl rosoriatlon. 



(iii) For antidunos nothing to known definitely. 

Limit of Sma vl Charge 

1- If the bed factor had been determined by a method that 

did not require C to bo known the value should be C 410. 

2- Practical valuo with sand canal C 4 2.0 
ZIatorial Classification b7 si: o  F31 j 

I4citerial of bed has been classified by Blanch as bolow. 
Table 2 Z 

Top limits .002  
.0061 .02 11 .06 i .2 .6 	2 

Hod. Coats Grade 	1 • Final Hcd.1 Coats !iadJCoarse 

Class 	I C ,ay 	Silt 	i Sand 	 Gravo3. 	1 0  

* Boulders . 

'9 OTRFR R 1: i : goo flJLA3 2 

Parallel with f'ovelopmen.t of regime methods in India 
Tarr moaourrcmanto of cLnalo and river dimjnatona have boon redo 
in different parts of the world since Lacoy put forward his 
correlations. 4mone those uro thoo,, Given by Ghaleb (Et t) 
IInthove (Sudan) 9  t archall Nixon (U.K.), Pattie ( orida,,U.G.A) 
Leopold and Hoddoctt (t.ostorn U.S..) and so on. 

hoot of thud r.,ncrch %m ax c through out tho uorld 

find that thorn in a significant correlation botwoon each channel 
dimension and equilibrium diocha -  rgo. The relations given by 
than have nearly the aamo index of discharge as given by Lacoy, 
bat the numerical conotarte,, harovor, shots conaidorkbla variation. 



Even cog one cannot but fool i.apresoed by romar1tablo unif - 

rutty of natural laws•tho data from so rmny different sources 
yielding simil~.r equations. 

Sono of the nain uor s of tins® invests torn are 
briefly discus3od in subooquont sactiona. 

2.9„ 1 Ea' ian Equations 

Ghalob in 1929*30 published a formula for nonoilting 
and ron*acourina 

vo = 0.39 na •?3 
conditions as bolout 

(in fps units) . (2 • . +?5) 

This looks like Kennedy' s equation, but the exponent of D 
is higher. Subaoqucntly this exponent has boon changed to 

2/3• 

in upper Fit and Loa or E rpt ?ioloCjorth and Yordania, 
after a careful examination of large number of stable canals 
recommended the follo~ting relations: 
vo = 0`39 I)2l3 	for upper cwt  
Vo = o.4?5 A2I3 	for lower rcpt  
T) = (90608 + 0.725)W 

2.9.2 t?athav! s Work [ 331 (Sudan) 

Ur. Uathowo studied 39 reaches of the main canals 

In GuOpn (Glzira) shish huvo boon oportin , perfectly uithout 

silt cic:iranco for 15 years. 

The data which ho had invontientod wore divided in 
two 3rOUpO, i. o., one ' io for canals atablo for 15 yearn cnd 

of 10 rcucboo with r'1 iachk:rgo r~.njo 0.85-10 a3/coc, and the 
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other concistod of 29 reaches vita discharge ranging from 
19 to 120 m3/soc. and have been concerning canals stable for 
3.6 joars. 

The canals sore constructed In soils uboco Proportion 
are given as bolos: 

Sand and cement 	greater than 2 mn dia, 	2.6„% 

Coarse sand 	0.2mm to 2 = 	 8.60 

Fine sand 	 0.02 to 0.2 mm 	 23.35' 
silt 	 0.002m to 0.02mm 	9j j5~ 

Clay 	 Los 3 than 0.002mm  

The sample of suspended sediment has the following properties 

0.2  mm 	11±I 
0.0 .n m -0.2 mm 
0.0 i mm 	71 .75 
The volume of suspended material has not boon ascertained. 

Be has fried to verify the Lacey+ s equations as bolo is 

P = x( Ql/2 
A o ICa Q ~ 	 .:. (a.8o) 
a = Xa 1/6 	 ..,(2.81) 
thorn 3 i c nee surod in cm~►km and K a and K. are constants. 

The average values of constants* the arithmatio moans and 
scatter of Individual values fro ;j t iso ucans Oro tic follow: 
(table on nexta e)

-t It can be coon 	thoro is a cloao agreccont botuoon 

and Lacoy+ s value 4#.8 	but there is tide variation in th© 

value of Ka. Thous there Is considerable scatter in the values 

of conatints for o ch reach. 



Constants Lacey, a 11oco f % of observations t.tth1n the follow- 
(Jvora(jo) 	valuca 	Ing rango of vuluoo 
in metric 	 roach' 
Syotan 	 on 	5 	fid 	15 ` 

5 z 4,91 4984 26 46 

Ica = 

73 96 	100 

2.&+ + 3.39 39 23 1+9 ? S 	100 

IC0 = 14005 30.0 39 2 39 	69 
fl 

He also dotarainod tho vuluo of &, 	and 'BS 

F a 0.629 and PR$ = O.623 

Co onto 

The typo of soil in thick the flow tool, place t as 	ayo ' 

tthicb 	has resistance to scour and is not the sane as Lacoyt 
propoaoda i..a. incoherent alluvium. 

The value of I , corresponds very uo l to Locoy a , but th° 

ore In ciall vu. cation in It and the value of Ian vt r ioa much 
from Lacey' a anc9 also hrac too much scatter.. 

2.9.3 t•tite' o Fornulao (U.K.) r31] 

Dr. C.11.kb to of tho Imperial CoUoge of Scionco, 
London fiacitlod the problozia from a dimonaiona3. opprocch in 
1939. His tcork conototn of correlating err rioun vari bloc 
uhicb ho considered no dopondont and ofihor indcpcnG~cnt 

variablon. Ho mentioned tho min i ,dapondont variable o In 
rivoro, the discharge no grain oi20 d, aodicont chargo I:. , 
fluid donnity, fluid viscosity v # density of the grains 
Apo of grain 9 fall velocity of gruino as indopcnc cnt 
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variables#, and channel geometry$ slope and velocity 
as dependent variables. 

1bito used fall velocity V., of grain in still fluids 
which can describe th© properties of sediment such as gra4o 
shape and specific gravity and fluid density and visicosity V. 

He deduced two primarily non-dimensional ratios for 
C"92 Q1 independent variable, i.e. 	 and N. Vs 

For the dopondont variables, he uaod crcos"Coctional 
area as the dieonc ionlooa ratio, --- 	- ' He thought that 

this factor can be measured very ecaily. The functional 
relation is therefore, 

N whore U=aodiaont concon 

	

o 	 -  
A 	 tration. 

using available data from river m with a discharge range 

# trio function was found to bo nearly independent of 
_, 5 	 0,115 0.22 and obtained as 	-~-~ w 	2.4 ( 	) 	...(2.82) 

The other two variables R and 8 were concidorod to bo 

strongly dependent on IT . Within the range of (eatlixatod an 
200 -P 1000 pp i) of the available data he obt:.inod approzimatoly 

-- = 007 t 	va 	)1/2. 
a/5 r 9/ 

V 	0.9 
a 	0.012 	5 0115 

t 2+0% (varies with fl) ..(a.83) 

t 50i' (varies with I7) ..(2.8.) 

Those equations can be compared to tcicoyP o equations (in fps unite) 



Lacat s 

2.4 Q0184'4 

A 	
0.31a 

0.012 V'0 .9 
8 

80036 00.18 

0.7 V8 
1/2  

1.26 Q0•833 

I 	f513 

1844 	00.167 

Va 
f 0.75 

R 

o I5 
1/90 

The following results can be dram from the above oquations-
I. -Simla l.ty of the Index of significant vari+~blos tiith 

fforont data and promisee of sots support each other 

quite fall. 
2. Due to non'avziilobility of sediment data tho equations 

2.83 and 2.8 could not be corrolatod to TT. 
3. Tho channel Georrotry, meanders, shoe ne, n+ turo of the 

banks etc taro docidod by values of two fundamental 
'S x,9/5 

parameters t1 and 
Vo 

Dr. Pha at Singh [35 ] =do a little al(Sobraia 

M:MIY tio2 In . ,. (2.82,2.83) of `. ito and derived this 

equation 4.04 Q0.43~ 

G0.136 V'16 

GENERAL [ISM"-r UN 	STY Cf ROORKEE 
ROOT L E1 
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Tbo indox of thic oquation to i '~ lone than Iaaot a oration0 
no concluded thit tho dj `oroncoo uoro not too much in 
moderate di ,Zjoc and material aico in zogthe meo cn 
ho tooted In different di ochu'goa and different itoria1 ai' 
soo C ' 	But for coaroor rnntortal gave narrow channelo 

ao%4 M 9 xlmr (V* .f 363 

rahall III= otudiod the bhavtour of ivorO In 

Engiend and Wales couceting data Mm 11 rivora, Since in 
a river to diccbargo to fiuoating aayoroily and and It 
go dif tab to decide uhich diocharge r auld be related 

to v tabl000 Xngli montionod that there 10 a dot inant dice 
ch argo tibicb hac the portion n.a boiow, 
1. EquiltbTtum botwoon various parameters is aCbiOVQdp 
a. Tho teridoncy to be raged Lan loaat, 
3, The condition to the integrated effect of all varying 

condition over a long period of tea and 
►~ Tho value of tt c disc) goiaybo4ï. ofth it o 

diochargo. 

L+ old ' ttcddoch cuggectod 'fit re .o conditions 
are attatnod In rtvoro fox' dicohargo having nano oquoncy. 

lir. fl ion thcroforop Aosui od that rogimo conditiono have 
pPo cui to bcVO boon attainoa in 	tf 1. d1ochu 'go coiGittc 

eno It they ; vo oc un% oquonc r, Ho has obtained the fro 
iuonctoa of tho order of O.6 uhich are independent of 

diccborgo, oven though the ratio of poa1 diOchcroO to ban f . 



divcharaoe varied t1+ iy for different aivoz'cb Tbia r r o 

that the do " U oqual or oicoodod for th ri orn atudiod, 

of time.. Then he has found thorn rolat&oni 

D a Ov 5 Q1/3 	 X4(2*87) 

V a 11I Q ' 	 •...2.88) 

A a 0 9 0516 	 (a,89) 

i,borov  
= t dth of chnno1. at banktu. vt a in ft 

D a Depth of channei at ba*Az]. saga in fta 
V = Z4oan velocity at bankful diceharge in f f 000 

A Area of crece'ccction ct bankful mesa (ft's), wig, 
Qb  = anktu3. di8charijoo 

The cciittor of the paints relating to iidth tonucb loco 
than4 booe la n(3 to velocity and depths the iraatoct 

boirz thoco routing to vobocitioc, Then be conaludod tho c 

3QUltc3 

I ,o THo r very ad3uat #bi i oolvao In tid h more roadUy  

they do in depth and that od3uot ont of velocity and 
bonco elope is a rrneh shower procooe. 

2a Proguont r of b nhM diochargo nod be ecina for aU 
ro , 3o rivers • 

n Value of bad . dt char a to tndcpendont of thQ 01.ao 

of aatcbiont area and of maJ.iwz diochrgo0 
a If the above aquatione are catioIiod0  a 3.fcfIod 

a Ivor cbrmn ol i4U amain ctabbo or in o2jo0 
6 
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The abo o fo 	o applied oni to v ro in Enjan8 
and :a1ool but may 'bo usod for o oz zivora 4th  
c i r icodiwor t load (Tho sucpendod oodtrnont in thoco  
.rivorto tiara '., pmt by cool t) • it is furthor thor ticod 

that this above x'tuuiao gtvo 'QZ9 cmall i4th  
oven given by Lac fir arts t eW obannolo. 

t10 	onO (J.BM 1371. 

So inveotigated the behaviour of tho 1cii Rtvor oystcza 
in U.$«A, and c orived the `oUio4 .ng ecruat&ono s 

V 	0,8 P0° 	 o (. ) 

A 	1 *25 'Q0*8 

R 	00511 QO.3 	 ~►» (2.92) 
p 	.*1+5 Q0" 

it can bo .coon that bte oq tiona for rivor cyctcm 

cupported PoSimo coned* 

R.9.6 L Old m t t doc1$ o Fqw bone (U S,A,,) 3S) 

Thoy co loctod many available data Mra otz'cara in 
t1.,8 *A,d to invoutieato Trio pU3cza ity of reirAo theory ' 
to io .cnn rivoro.. 'bo dataconaiatod of depth ¢ d i# 
ijolocity0 diachz x' o$ and cicjodod loado* Aftor ona2yoing 
thoco data they concludod that t a ondcd 1o:.dc and ebannol 
dimenotanc aro direct f ctioia of dicobirto end can bo 

w 	aaQ 	 *a.(*93) 



D 	c Qr  
V 

L 
	PQ 

where # 
L 	sediment transported in ate of wtrt*nit ties. 
'hoy made their studies for the following two n tions* 
1°. Dsf.rmiinatton of channel ,geometry end sediment load at 

4 station for discharges of varying  var3rtng frequency. 
2. Determination of channel geometry and sediment load 

at different stations .going downstream, for dtscbarg.e 
of equal frequency. 

By plotting the data oxpre8eed in the , above equations 
they found the values of eon to as below: 

At a station (AV) Downeta'aam  a ection(AV) 

b 	 0.26 
	 0.50 

	

0,040 
	

0.40 
0.10 

The downstream direction to co2nprabls to regime equations. 

"ec _ of Suspended Load 

They have concluded that Suspended load concentration on 
increases with discharge.. They have alto derived empirical. 
quantitative relation among various measurements of width, 
velocity,, discharge, and auspended load • Tby have con* 
eluded that d pt i , width, as well as velocity are functions 
of tea. load transported in th© channel. 

They plotted j against m/f and have drawn lines 
of equal values of b. Por downstream condition for b.O J 



d 	0 , the value of 4 vas found ,► be O *8O. 

Theirindices also corroborate Lacay Indices reasonably veil, 

2.9.6 Nedeco Equations for Bj~ve (North Ho n i) 

Nedeco made a ccnprehensive ,study on rivers Niger 
and J3enns for their 1mpr.ment in 195'9. He derived an 
equation for the channel width swi g with the fO1 .ng 
•e 	.f cation .x`391 
(1) 	The camel vie dsfed by +W' and Do 
(it) 	Characteriatjcs of .material were condensed in+ e 

Vie # the rain size 'd'. 

(iii) Rouse of bed and banks wad put in one fib 
for which equivalent sand roughnoos of ' idle 1Y 

was used* 
He a sploysd two following equations. 

(I) Q C. W.D3 2 .51/2 	hesy 1 Quaticn) ...(a.9  

(ii) Q 	6.5 + .a '2 A1/2g1/2(O.0u,?)  
(M.y er'Feter and Mueller ab pula) 

where C s Chezy constant# 
A .p A 	._! _...., 	1.68 

Qt 

ripple 'factors (►4 

a giand roughness of grain in taste se,. 
Kr 	• equivalent sand roughness of th. bed in metres 
Q 	a Water discharge In 
t S 	a Transporting material In ra3/ uc. 



D 	a Depth of flow in metreB4 

W 	a Water surface width In met a 
8 	; slope of bad 
a 	a sediment grain aizaw d 0 in metrse. 

fly cabining the two .uatione we gto 
C 	 Q 	, 	*+604 	t 

W 	 .. (2.%a) IW. ~ NI~1.~ 

6 . 'd32A1 /2g1 /2  

It the value of Qs/Q Is constant# equation above asy be 
a fiction ofOTJI t8t* whon other factors are taken constant, 

Differontiating equation (a.98) 0 it can be mitt s 
C QB 

This equation ie independent  of sand grain size 'd' . Thus 
there will be three equations for tiding is Croon" OtIon Of 
the channel. 

I • Q - ci#i 	I"2 ,(t hnn 	equation) 	. ~, ~►+ 	i 

2. Q 	~rd3 2 81/2 1/a Si/ r( 	) 	 •..(2,98) 

CQ 
3.8 	 •.(2.99) 

8 1'2, l 

(Mtnimi slope equation) 
Tb. idea of atnLain slop* is soaswhat consistent with 
Dr. $k*rat Bingo$ B oontwtion that a shannel first adjusts 
its section so as to be able to have a maw capacity of 
movement of bed load and then adopts tit. neCessary Blope[36J. 



All 

The +' wba fox' this method is that the selection 
or Chezz coefficient is difficult to be certain. 

2.9.? 8irnon® and Alberta• s Regime T, 	O t. ~+i I 

Theme objectives of Sys and ibex nt a 
each were a$ belows 
1. To LiM methods of designing ur torn alluvial channels,. 

. To modU regime these of Thdta. 
modification of tractive force tbeory and relating 

it to ram theory in so far as Possible 

Pox' the above mentioned Wises be studied and 
analysed the following field Us 
101 . 	Indian canals 	jab and Bind) 

0 	limited States 

i 4 u.s ,n. at (San Luis Valley of Colorado) 
,. Canals,# in W7cmingp Colorado and Nebraska 

(Ate r' a data) 

iii. imperial Valley Canal data.  

The range and field conditions of data are szineriaed 
in Table 2,8. The imperial vaU. r canals are oharacterised 
by their heavy load of suspended sediment, 
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2.9.''.2  R0012o Flow and Forea of Bed Boughnotm 

In alluvial channel the foroc of. bed roughnena 

are a function of the bed material# the codirnont In 
trancporty and the flow* Rei i8tanco to flow in alluvial 
channels varieD between do limits and to ortreznalyr complex 

According to otudy based on Laborata ► oxportmente 
ofalluvic3. channels and the field study ao proviouoy 
mentioned they inferred that the fo owing formo of 
bed ou6hrzeaa  occrrcd for different erent roars of FIOtJ 
(for wo :. oradod material of 0,2 a median die,.). 

T x n u U tloo regime FJ  1 	 Oedimcnt Leoad ppm  

1. Plane bed no movement 	 N . 
24, p- o hod 	 0  
3, RIpple ouporposod on dunoo 
40 boa 	 90 to low 
5, Tranoition from dunoo to rapid flow 	1000 to 3000 
6. Plano with mowmant of bad mato ei. 	Q to 5'004 

Rapid Flaw F1. > I 

9. Standing water wavoD and nand wavaa I 
	

in oEcoen of 
00 

m  nntioo 



They armed that the magnitude of the total 
aedimont varies with fora of the bad rou8hnaaa and the 
xolationahip between configuration and total edirnont 
load dopenda on the oharaototOtiea of bed matoriGI D  
channel goornotzy g  shear on the had and proporttcn 
of auapondod load,. It the very fino aodiinont (tach load) 
ozict in oh nnol 'aa auopondod loadq  it roducoa the 

reciatcnoo to flo, and tnfluenceo channel geometry6 

a9? .3 Channel Stability as Related to Froude Thnboo 
v0v'I, 

According to field ctudy of otatle obannolo uhioh 
was conducted by thorn and cubaequent diacucoton or 
channel ctabtlitr with othero they oonoludod that for 
channel to be stable (no appreciable bad and/or bank 
acotu' or coo Lion ooaurint x4 h Vie) FE'  must In most 
cacao be loan than 0.3 for al: uvtal maturial In the nand 
vino rano and f .non when P)7  0.3 , the bank scour in the 
Dtz'aight reaches of channola and the bendo must be 
stabilized to confine thorn to their right8of fir. This 
liitation (P,< 0.3) imp ies that design proh]ao to confinod 

to tranquil. lot co ma 1.a„ the channel ohou]4 be doot nod 

only v-fth ilpplo or dune form of bead roughness doponding 
on ohannol nlooe limitation dictated by tho terrain and 
magnitudo of sand loa: ,D which the channel muat tranoport, 

N 



Therefore the ,nitude of mad silt sediment 'load which 
can be trnaported, 	B is sivarely limitedd to W 

uar less than 500 pprn. For care ng more load than 
500 ppm bank •tai1tzing Is necessary,,. 

' +s ` also tried to establish a relation 
between sn dim t load#  Nude nbsr and cannel etab1Aw 
iity Ths7 tde a considerabi. iniproveent In the 

.! chKWg .ads slop. VOrn. ► sung bed and old. 0 

factors and variations in the dsgroa of bank cobealon. 
The regimea slope -equations rocomnOnded by Month 
for design forma is 

/6 V1 

2"0r 

why, 

1/1+ and the baste slope formula 
It 

They examined tbie rolation ship by plotting 
V/gD8 versus VW/v (Fig. a.8) and found that the 
relationship is not perfect, Thevalue of a, responding 

POP, has been *a t*ed for Indian canals. 



The Punjab canal data yield points that doss 

to straight line on age' paper between limits at 

It< VW (` ( * Biyond¼UpP.r Wit, the value of 
,, 8 tans are nearly constant and the slope of the 

line mittens until it lies approximately parallel to 
bortaontal axis. The sind data Ito more or less of an 
oxtention of the straight line portion of t3*b data and 
the Sys and cedars data ter!lntngle with Indian cam, 
data. 

This above that the Indian canal data is close 
to straigf° Una in range of 1O( -- (1e 0 Beyond V 
VW/v > io7 most points fall below straight line rather 

than above Its flowevar, this may be a tuctton of canal  
pind. 

-ais of Data 
The tabulated basic data and parameters computed 

tutee from were analysed by them to find out all the pa ,ft 
meters Involved In Lacey' s theory and Blench theory.. The 
data of Punjab canals have no average depth on the bed 
and average width. They gave only P,R and t~, * Therefore 
the average bed depth was correlated with )'draulic radii  
in Fig.(2.1) and P was correlated with average width from 
the data of Simon and Bandar and Sind Canals, are plotted 
inFig. (2. • The relation between average widths W# and 
;p width WT # to be used in circumstances, if it may 
be advantageous to convert average widths W, to top width  
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UT IS given in Pig. (a,).  
The ip.r&a1 yallsy canal data have boon plottsd  

in oil fides to ebaw the effect of heavy charge to 
parameters of flow variables. 

Tbq then plotted data as Shawn in 1'i.g®.2.1 to 2.9 
with the data groupwise to obt i the relations. The metal. 
da% were class ifted into foiowing five distthct groupai 

A o* 	Cwte1aI with *and beds and banks or san4 material 

33 - 	Canals with :aid bed and cobeeivo ' . a aS In 

dab and Sind* 
C 40 	Canals with cohesive bed and hanks 

I 1w 	Canals with rain heave aS Studied br US BR 

Imperial VaU17 canal data ,duped a$ BO bat . 

with beat' sediment loads (2000"8000 pp m).  
The oatione which theygot between I', RV and A spin 
discharge are euirized as below" 

P 	I Q0Sc12 	 g.2.3 	..(2.100) 
R 	K Q°•361 Fig. 2J 	*.( .tai) 

V a Ka( B)d 	 ,g. 2.7 	.,(a,lOa) 

A a K QO*8?3 	Pig4.6 	*.(2.103  

$ $ 4 

The values of K,~ $K2, K30KI+ and d are given be sw 
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relations) 3*33 P-.5I a.12 1.67 1.67 
Ka( 	relations) 0,65'2 0943 0.37 0.27 0.31,  

K3(' 	3 relations' 13.86 16.0 M 17.9 1.8 

ic1,( C'etc 	relation) 0.33 OJ 0.87 

C #A 	.nttona) 	1.0? 1.076  

4 (Xnd 	of R28) 0,33 0.33 0.286 0429 

2.9.?J çro4tton + T raotiW, 	d Mean Dtrstsr of 
Pod Medal 

'h r also plotted tractive force f versus d 
mean djsmetor of bad mate ,al. This correlation provides a 
very useful mean of establlcbtng the design slops of 
eels in o0$r113 noncohestve materials prowidedprovidedsite 
of bed an4 tanks material can be estimated with rea ►na" 
blo aocura . The Pigs (2.9) shows this relat.onE 

tin Figure the fblloving facts are apparent" 
1, A general line ox riding th augh all of the data can 

be drzwn. bra in 9  ter, such scatter about this 
lino, 

z • !or different classes of canals, secondary linos 
crossing the major trend line have been drawn. 

3, Roughness of channel bed seems to increase travelling 
from the bottom secondary line to the fourth ( top) 
secondar line associated r4th #and bad and banks. 
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+. rToi t sorotdor tiro fvo L3aondzu7 1tnoco. Owing aloes 
oco iinoO in diraction of t cioaOinj oaz* It 1e 

found that canal capacity tncroacoo0 Tho point of 
e 	:''3wp r 	'. ~ Y ' ~ 	i 	* 	t 	i_ ■ re.n t 	li to 	a 	i 	i 	r ~ 	~xt 

o loft or t c camo unuo corroopondo to n 	i 

Tho Xi po .o . VcUoy c l data bovo not 'boon piottod 
bocauca of co o tty 'ocirdLng tb nc wi ciao of 
bod CtOZtii.1 

'or mina t tvo foreo no 6d cnc recite 
tooter , not it to roquircd to dote ino trot moan oino 

of bad tIctaria1D bydrtu1ic rdivao typo of bait condit► 

tone and Cj frn tho foregotn(jPtzroo0 6 'ing tho i3twQ 
data, Than froi 1tg* a pq , tho olopo 6 can be found • Sinco 
thorn is much scat &' In value for the oano matortale. 

thic ft uro roes not ba,o muchi uttttye 

a ~9. .6 8x7cmd Coo bdton 

• 0 	 bacicaUy dif o S1 IHhoorioo a o ciw nt1y 

int'oauee1 beauco of ouporortty ovor othor 

() Tho soma thczory of India no dovolozod by 

ttcnody Lindicy, LacDy# B00oD Bonob and 
Ot rQQ C 

(11) TIio liniting tractivo force dory on p oocd 
by Lcino and othorc#. 
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The rolrns theory bas boon emphasized by this paper,  
Zndian regime theory is valid only for the limited  
range of conditions upon which they are 'batted as 
f llows$ 
U) Gels having sand bade and slightly 

cohesive to cohesive banks*  the tnks of which 
are uSually formed by the bsrntng action of 
suspended Qedimsnt. 

(it) Channels that are not required to carry a heavy  

charge or ssdtmsnt for sustained period of 
time. The upper limit of sediment load. (Sand 

and silt size) that can be transported without 
appreciable bed erosion is 00 ppm. 

The range of the data for the first, tour classes 
of the canal given by the uthcrs are an below* 

Q varies between 5 * 90000 of's 
8 varies between O.0000Ø to 0.00038$ 

yaraga width (W) varies between aft -264 ft. 
1) varies between 2.8 ft to 1O 5 ft. 
Sediment concentration varies from 50 i50O ppz. 
(excluding Pour canals of class E (a, b"$,O00 ppm  
larger part of which must be wash load)).  

5. 	Within the range of the canal data preaentedv it is 
possible to determine arac, average width*  top width 
bed depth*  average depth, hydraulic radius, wetted 
perimeter and average velocity with *as* and practical 
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dogma of accuracy .th tho help of 1 c. 2.1 to 2o9 

and + ,uattono e 	 - 

2.908 E,U.UAIXE and D.c. 81IONS  Li31 

They 	rcod rneaivo data - foom laboratory =o9  
c n lC fflL itcr31, thowjhout tho tiod end propocod a 
dosi n P Cow sbicb dQOa not in o vo tho ,p 	oc on 
or rójhnoso fnctor u cb 3a b ngo outvnco t nV 
in Wa .lO bDun6cz7 -Ch2flflQlO. ethic t cr VC G prOCedUVQ 

eertoin fii of voo by bicb the doinor doca not 
bvo tO ntro ce an ditto 	taco of orror bCalo 
tton of s mot toes factor ith probblo accurtcy,, 

t a ci ' of riot, ccna2 and LLbDZ'CtQ17 fluted 

data tbot plotted a cot of coon ici obou 'tea rolcLtion 
tvoon "O  thi Cboa flonoldb nivbor V/v and AD/D 

a' and H, and d och t3a C and R 
t4ioret  

V o Avora jo voloci' , V t tttflcx3attc Vi000atty 
Vta Sh.rar elooi 	9  D a Avorano dopth of glow and 

13 Dcpth oozr3OtIOne 

Ttdo can bo computod co fa rlc>,o: 
I a 130 ' 0 	In u- c D a dopth of fou fron the fIol6 
date and DQ u Ccpth CucI that V'DRaq 	VV 10 tho voloci 	t 
for coot► boundory condition and q in the diachario par 
unit uidth, 
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it tho dtotharo CI 0 the iot fa fl diq lottr of 

bad materiel % and tbo uator tenpoaturo to given it 

.v poaaiblo to ooin i oan6 bo a11Qvicl ccnc, b7 by the 
taoin pzoco2wo oho od b7 tho uthar ac bolotm  

I.with Q imoc7nD ooloct a tontttvo ►c;lUO of tb d 

ulic .zadtuQ0 RO from the plot of 9R vorcuo $Q 
conr'tdoing tho antioiptod cbQraotox'icticC of 

the b3r& to al Ptg.2.1O,. 
0 	Uc .n , firma valuo of ' RP ,, aolect a value of daps.. PD 

froi Pi. 2.11 
3' 	Ooloot on initiel tiiol Elope 183 t ,o b z od an ent ► 

patoc bad mate l e tcbco the dope of the 
c12oundin3 tomtn the elope of the oz Otin 
cGncl iddcb a 	►orate ouccoasALU nt the 
co .opted 'R and other uidintj fectozo, 
Uotn4 tizo ooloctod valuon of R an l 8t road the veliac  
of A8 fro the cosrolu U on of AV ocuo oft, 
r'1o. 2.13. 

g o 	Co uto ohoar v03.oci r V° jcR 

60 	Compute ~vf 	 . 
'1. 	Coz Auto the cboe Ronolfio ,trboz' Ro  

tho plot o ' V'0'C Tor cco lo, ( Iv) Mc (aoI3) 
and 

 
tho cuo of iooth boundax r$ colact tho 

cooconding vo .ue of V / V' 8 
V 

G 	Com uto 	s 	o 	0 ,and he dotomino 

the ovor jo velocity VD to be ozpootod in the cool. 
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} * 	co npute the atreasa powrsrP tV a ''S, 	 - 
10. flung the stream power, rV and the median fall 

diameter 00 of. the b material p refer to the 
plot of vV ver9w 'o (Fig. 	and datez int 
whether the channel designed will be in regina in 
vhicb dunes exist. It within this regias5 pioceed to 
next step# If not return to Step 2 and select a 
new f. and 8 or both and repeat the design procedure  

¶1. tU Crg the valu* of 1), 8 and V obtained, cotpute the 

width of channel  giving the nacessax r side slopes 
designed to suit the existing conditions. 

..9.9 U' g.B,R,. Studies . 	çTorrel and Borland. 

According to P.W..Ttrrol and W.M, Borland canals 
designed in alluvial moll by U.8.BJt, are qua"tfiad into 
two categories; 
I • Those which carry moat clear water.,, and  
11 • Those which transport appreciable sediment load. 

The first category was ana1*sed by Lane and other& 
which will be discussed in detail In the next Chapter. 

The record category of male are designed 
by U.g.B.R* with help of Einstein's or some other sediment 
transport a.tbod, But it is noticed that the existing 
sediment transport functions are not very accurate 
Thus U'.S.3.A. [39) prefers another f~.a as baolo~r 

D 	_ 20(NVI)0.395 
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t-ib000 n 	outjbuofl cootfictont if rl Boditcnt concontrttioa 

An ppzn by ui Cht VO v moon fall volocity /Ooc o o. 

Qc 6mtnnt dt ohargo (Mnu 1 AvoraBo tioc Etjo) 

on•I3 o 0 0 iae*D for o1oa uctGr0 t1/t- cc 
Tbio b ,no cntbor 6 b3o? An tho uco of thio to 	.o. 

¶rbo so .cotton of cccw to t V -g tofl4thOr Itui 	on ''Oz 
thio mothod. Uot5croor0 U,*8..B.R. d o uco of d2foont 
a1QiiQbto ao8t aDpzeoachoe and c loy thoi in t 	na' 
# on. Tba Toro do procioionot doom Dothod 4opend~ 
only on uz3oent ozpozionce3 cnd alitU of tho doD. ar... 
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C H A P T S R M 

IOC 	!lOACB 

3.1 Grnoic&. 

One of the out rfttn,g s 'ctt+o. appoccboo to 
to theory of trccttvo broo, Tho thcovy too1opoi1 1 USER 
to oo1rnon13r fed to no tho 	otivo force#$ fi oosyo 

.Dj a bttoi rzanio oud por1pt b the atbroioi6" 

.2, b auco it postuiatoa a ara 4zr bd on t o ]d 

of ootion ► ho eta or the tractile Faroe mac $ to not 
confined to the "U8!3R theory, 00 to olco inp1tct in n . 
C. 	' o use of the i,nQtoin bod load is on, - 

The tractivo force doci to fbtui ctod on the 

bita of otcbtlit3 of i and bed to roctet c ' o .on 
tftS 	a6 forma OnOCd On the V.1` OV6 

T .Q cofa t hao "fin trtdoy app1od to the 	 r 

of ooirznt tzinoport and tt6 iaochanlaa both in the 
W itod Mateo and in otho conti2oaL but 0n17 to a 	tod 
Glob 	in ri CCUOn ut «h dostt of e th nOc=aIoo UAo Of 

thic ae had for dooton boo bon c otod by W 1 .c CC5] 
end AmSn 8c 2.t b t16J The latto' Ou,Gijootcd that It 

t ', oz .o to i.vo ftxa on a~fiaito v.  too fit, 
z~ cttvo orco fbr diftarnt 	.a but the foUQtina 

ttalmop could ova ao a baciot 



Soil 	 PoicothLe tractive fo o 

Loon 	 0.062  
8wi$ 	 0*102 
Strong and Locwy coil 	 0,08a 
CorOo 6rcivol  
Voy c :apactc coil 	± 	 0. a 6 

The f going ticttvo 	co concept wraO dO1O1OPCc 
ft-O ruder the leadorchip of Lano (177 tU .O with the 

tTttod Statca iecu of Rcc1ca on (USZ3R) o, The 	;zoo 
dEFo Is bated on the tpotrota t&t the paettcal x 

dotii, is a. t otforccpobubo7ona' t, ''moo app3aob  

in noti and 'h ,tai , The rreopon . canal +mac' 
Coo lion : a.0 been doroioped at tho USER by the uco of Lano¢ o 
named Bch 000 b the ncimo of °tea' a Thcoy4 o '1io do gn 
of channel io doeno b oosutnzj thcit tho ch3»mel to in an 
ou1Ubr.um cwcujo t.o a biiQnco bot cn tw3ct17a 'co of 
?unning voto;? an thQ ootatanea of as 	t]. ►mtn5 the 
boundary of channel. Tio oip1oct cane of doo.gn of a canal 

cinch iteb can be orpltoft + olvod to one ,bonqs  x 0 0, i.O,t 
for clear uator 4th cditiont on tho 1d of notion at ovoy  
point of tho 	oz'cootion 

Lane X91 QcUti2cQ 	£\m&E2cZio of c o2.. 

aoai to ,find out a aothcaticcil co1ufiion for tho on 	of 
Otziblo obIc.CO Re thee fro rt t►c ux caly` analyco the fac 

' 	cont olltnI3 tbo ohao of cool in oodiblo eztotal 



a below. 
1. RydrauUc factors such as elopes, ronghnena 	du1ic 

mean depth#  mean voioott , velocity distribution and 

tetUrG etc. 
2. Channel ire,, as bedvidth, d4ptb and Side Slope$ 
3. Nature of material transported, depending upon the 

liar ehaps, specific ,gravity# dispsrsion, quantity and 
material of bank and bed. 

), Miecillaneotia factors such as a].izznent, nonuniforty  
of flow and aging eto. 

In derivation of rational approach the c a3or effects must be 
ton teon into consideration but the minors my be neglected, 

3.a 	xrzon OF STABLE CANWU 

Lana de ed s stable channel of followew  
A +mo o channel is an unlined earthen r ha + l(a) which cur 
L.* water, (b) the bo*s and b of Bch are not scoired 
objectionably by the moving water# and (c) In which obbecti 
able deposit of sediment don not occur. 

Three distinct macs Cf instability have been d• 
m ed by Lane as followis 
I. Channels sabbec ted to scour that donut silt, 
2. Channels to which ob j.c ions deposition occurs but 

do not saaur1  and 
3. Channels In which obec tional scour and Silting both 

oat* 
case I • Class I occurs when the sediment free water is prevent 
in a channel or the sediment carried is very stmt in quantity 



or co lino that thero is littc cbzmco of its getting dopootes 

d Thic class of thotabQlty to the aimplect of do three 
propocod and tw o2 I  it in oleo the one of g s7 

po flee0  Cinco S2OOt of the p'eCent an i'utU: canal prob-

lczie aio and 411 bo ólcarator problem-no 
Cato Z' The cmd class of inc ' 	(do It thout 

slur) c, c n only be cauood by the cctrnont brought Into the 

canvtth tag tatox or that Vzuu d from the banfto and 
bad of an ctoorn ctiaflncl Au oamjlo of this corn ID a 
lined 	al* or a canal cut through a ou 	atatant viatovol 
Into tiicb the rge quantity  al3antitV of CoaM raaterial ontoro with 

flou1n( ' to "o 

Caca III The thtrdelaoa of lnoUbJM7 (c+ uz' and dopooit) 
uflQcfly 000uz!C than vator oantaintng lard £auantjttoo of co 

axwo codl=nt onterc a e3r1ai. o the .n. and bad of r1dcb ao  
conpooed of znatetal dcb hoe little rotctanco to 0th, 

3,3 P 	!Oi1 OP I1$TABILflT 

Fop 

 

povontion of trmtab2,lity In the first claca only 
enalycic of ccou .ng action Is noeoaaa o 

For provontion of Daeond olaso of tnotabtlttyO  It LV 

ncoocczy to be cure that codinent brou bt Into the cow at 
the t Ut'c rid In ewi,cd out rat ot'nctror& cnd 'or this 
probici Liao #zoao anelyota  of oodirnont tranoportation to roe' 
quIrod, T, O proven on of inatab1ity in the tbird clone 
involvoo an analyoto of the +c os bination of occur and I nc' 
poction problczar 



3.L  THE MAXN FAC "ORS TO BI CONSIDERED IN DESIGN PROCEDURE 

a. Distribution of tractive force o'goz' the ch i o1 po p 

ofor dUtoront aide alapoc iith opocici cnptiacio on 
the magnitude of nboar eoflod on the c doa as coipared 
to the  thebod0 

be k olativo otability of 0011 particles on the bad and an 
eloping OidtO of the cbarmol$  and 

a* i 1.tudo of cage tractivo force for diffo nt moon also 
and 	tione of nowcobeoivo materials. 

ZJ 	C8 3 AtI8ING SCOUR 

tJhon water f3.otc in a channol D  a force is developed 
that octa in the diroctic n of flou on the channoll a periphery. 
Thin fOliCO D  which is pimp r the pull of ator on vetted nr+ ao  

Is known as the tractivee force or 0hot r drarj or ± arj force. 
The firot atop in analyaing the problem  probJLi of ocour in 

.cis appears to ho a concidoration of the forcoo oaucing 
such a acouz. Scour on the b36 and bn1w of canals occuro xenon 
particioc co oia,(3 the a ,don and bottom are acted on by forcoe 
cufficiont to cauco them to mono. 

AS montionod [493 uhon a part c to Ic resting on the 
loyal bottom of canal0  trio force0  acting to cauco iotIon io 
that Sorco canoed by the notion of water pact the particle, 
2' caw 1n to bo ps cntodO tide iiot&on u wt not bo vapid 
onougb to prccco forcoo on the pazittoloo that oufficiontly  
large to cacao it to ciovo. 

If tho particle .1s can sloping aide of a canal0 it 
10 acted one, not only by vutwrp but aloe by force of ivity 



t 	' tonic to inoko it roll or z3lido dotrn thin OlopooThO 
force enuan6 tho dotintard notion to the co oncnt In the 
direction of tho o pop of the Lorca of Crvit7 acting an 
particlo.Xt theresultant of the force canoed by the motion 
of the iator and the component of tbi force of gravity acting 
on the parts .o to laroo onoughp the pa iclo viU move. For 
the particle to be moved ibcn cobeoton to proeent0 the fo od 

uctht moot be oufficiont to ovorcoio thin cohecion alco. 

3 6 TMCTXV8 PORCE flITaIBUiOW 

The concct of tracttvo force to gonorlly believed 

to have boon introduced into hydraulico literature by du Boys 

in 1879 [ O J pBouovore the principle of b3lcncing thto 	Brno 

th the channel rooto anco in a niform tloir Sao otated by 

BratziO earl r in ' ~0 
The oboar or t active force to oQzo3. to and In the 

oo,o .to 6iroetion from the forco which tho bed crnortc on 
f1oitns t tor. of no fordo iioro ono Cod by the bw o or bed 
on the ater , the uotor would continuo to accelerate ao tad 
a fottonlooc bzU rolling doh on inclined pluno. In a 
vnifom ehonnol (having conotont odope) in t hich the uitor 

0 
10 aoving at oto; 6y untfoni ratop the Uator to not aCcOlOratinl3 

t~~ , t` c rono cnc topcvcnt cottc i ±0 cc, nr to force 
CauotnC aotlon. The trcctivo force under thorn oonditiono is 
therefore oqu l to the forco tondin fS to aauno the vator to 
iovo o Tbie force to oguoi. to the offs cttVo component of 



ravtty forgo ao 1n on tho body of tiatory paz110o.. to the 
charnel bottom and oat 	to YEA Z,. tIboro 8 a t no of 
the unr .o ubich the bcd maZzoc t th hoz'icontai.. 
i U to the wait t ot,ibt of trritor0 A IS rotted a and 
L to the ton th of the charmol roch, Thuo the avort ge aluo 
of the t'activo farce per unit uottod ctroa D or co cUod 

.t tractivo force vo 0 to equal to ç1ALa! PL= ,~ ► 
thorn P to oquo3 to tcottod porirotor and B to the tdrou1ic 

ua that iov 
a.► 

In n .do open charmno .gyp the hydraulic ituo to equal to the 
depth of tbo flou, y v honoo 9 

0 a VS 

it ahould bo noted that the =it tractive force in chcnnolo 
ozeopt for trtdo open channoto9 to not uniforily diotri. ttod 
alone tho vetted po otor. tai► attet pto have boon ado to 
dot no. the tzitr2bution of trcctive force in a cool. 
LoitW' [ "I1 a' t tod to 4otor itno thin dtat button In eon 
tcxpcootdal octenuiar and tianular channels fz u .,* 
chod data on the velocity dictribution in the channolo. 
UOzflata1y& OtItC to doicioncy of damp the xooulto of hie 
ctw2y Caro not vo17 concluoivo. in tbo USSR 41con and 11ovr 

[ ' and othor onincozo have wood o bno anziloi totbod of 
Stntto cifforonco for tro oz oid . o ct&on,, cnd aathoxtico. 

for cctanCular and t3,enular charm e# A tpicl dictribution 
of tiativo *'co in t ccoida. chonnol9 r3 ,ttnG from 
OMb onno10 ► study IV OIZoufl in Fi; . (3,1) .Tha pattor of 



R ri 
diotibutton 'varioo utth chapo of the noot an but to gr€ c ' 

cally unzffoctod by tho cizo of the town. It z c no oU 
canalo bzvinG the catio ratio of bed R14I p b to depth tyV  

an tho onm ot6o olopoo , tho tractivo forco dietrbution 

iouid be o a ilary thzit io the tractivo 	o at any point 

in one crop+ Dootion will be etutlar to t t at any other 
point In corcpondtna poattion n otmi1az we an, Thus 
If tho tactta force diatribution in any channel. can be  
ttaonniraoi.1  the iltatributtan will be the awvio in any other 

channel ' of atmtiar caooaoctton. and z'ou&bnoos of ibution 
The Majority of the ,atribution is not only t uo in tra 

po ida1 c anne1O9  It can be applied alflo to other channel. 
apoo. Baaod on ouch atudteo moo (t 3.a) ahotvtn8 the 

naitttum unit tractivo  forces on the atiloc and bottom of wart-* 
ouo channel oeotions bavo bon poparod for uUL° in canal dooi . 

GOflQZ117e  opct►nCip for the tP0ZO±431 obannolc of the Ohapol3 

ordinarily uaod in c:analc, the a 	tractivo force on the 

b3ttoi to deco to tho v 3.uo (Y ) o and on the aide oboe to 

0.76 8, 

3.7  RACY CP Ri 7IO 

Con eider a cramp roaring on a slope at clo $ to 
the horizontal. Ftc. (3.3) . Tboro are to forcoo notin t 
the totivo force fro  and the gravity forcocoiponont W. oin3 
ubich tondo to cauco too particle to roll doun the aide elope 

30 1t 1 9v `51 , Whore a o effective area of the particbo, 

170  m unit tactivo forco on the aide of ch ol, t=10  to oub orrod 



t otgbt of the particlo , and 6 =angle of tide dope. The 
recultant of theo ti for000D  tthicb ore nt right anglao to 

each other, is 

When tbia farca to rQo enouChv, th particle utU t vo. 
By the principle or fr ctinnoi motion In -ooennico1, it may be 
anouuod tbat ihon notion to inponding9  the roatotLnoo to the 

Lion of the particle is oqua3. to the fcc tendinGcnuco 
the motion. The aototonco to notion of e parti cl4 to no w&  
force W 000 6 t3ltip1tOd by coefficient of ,, to .ono or 'moo 
wbo'oG to the anglo of repoca. Tbonp  

Wo0OtonJWCjn9 4 ci .r..(3.3) 

+  
" O 	COD, 0 tariD 	I 	 11 ! it r71► 

f 	 tan 

T O  to unit tractivo forco causing po din j ootion on nlopin,j 

0u1?frco b 

Pror the cotton of particle in Ic vol bad in .1mpond' 
in ata,jo by tructivotractivo force ac? tie obtitn from E.(3.3) 
unionUu0 9  

1i0 fionD =as Q1, 
[1 

or ?y0 .° 	p 
a 

♦. c3. 

V L imit tmettwo forco ccuotng iii oc1ninG notion on IOVQ1 
bed curfaco. 

The ratio or s'0   and V L  10 callcd tho tractivo farce 

ratio. Thto factor to vory iriortrant for doci8n purpoco. 
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It 	-_ c ooO0 Ji 

a. 
**.(3 

etn2Ø 
Thto rat o in !o ,00 only the anglo c` d de tope and the 

an ,c of rep000 of i toactal(o) . For convontonco &n fd' 
Intl the valuo of It Via* 3*6 to pa pared, 

3.8  ANGJ Ear' R1 	OF TUONCO 3STVE !IARIAI  

A Study uao ado of this i ub jest beginning t ith 

thorough rove ou of avail blo pertinent literature. Thic 
review rev2ou tiaa followed by a lit itod. giber of laboratory i o 
tiation on a large nirniber of hook pileD of ran one dee 

of mate .al and .gat avol vaahingplant, 

The x sultu ohood Ito  for largo ctzoo the an to 
roro not r GM12y different for the various condi.tiono of 

ooO1Un in air or uatorp but for tho canard ci oc thoco condi' 
tion had aoro offoot+ The a roraio tomato of all oboorvati-* 
one of the angle  of rop000 of atoclz piloo at .gravel aOhPtj. 

plarr o are chetn in Fie* 3•J. Altbugb the data zhova that the 
cn ,o of ipoco inoro:.:oaa tttb both ciaoo and on, . lty. `ba 
OUE-vCD Coty velu3c of angle of rep000 f+or nonoobociv'o mtora` 
2c2. c z o  O, 2% in dii Doto ' 2oz" v rlou 7 OoGrco o auoco, 

The dianotor referred to to tho diaiaotor of a partt 
oleo than YhiCb 25 ' (by voight) of material io lezgo. . 



] or coheoivo and fine nonoohacivo m aterialo! the 
cohoctve forcoc even v tb comparatively cleartsater bocoxao 
So great in proportion  to the gravity force pompon+ 
causing the particle to roll dorm that the gravity tamp 

can afcly be nogloctod. 'he 	re, the an ,o of ropoco ,noot 

be conoidorod only for coaroo oncoh000 Dato a ,o. 

3.9 PAMI$CXBLE TR4CZ1 L1!PRCB 

The porniootblo tractivo forco or limiting tractivo 
roe is the maziuza unit tractive force that i3l not caW3o 

cor ouo crouton of the mrtorio1 fo3ning the channel on a lo el 
rface, This =it tractive force can be determined by la mp 
ry ezpeicontot and the value of thus obtained to known at$ 

critical traoU o torso q A vary thorough atudy a carried 

out to determine the limiting tractivo otroac in canalw, 

2bo recoz3on4od valuoo depondo on tho typo of orator 

tal in Bch the canal to o ng Roiovor0 otporicnae 
boo obo`' that the eetual canal in coax'co non~►aohoavo mato' 
rial can cad aubot3nttally higher valuoc than critical 

trctjvo Eorcoo aoacurod in la awry, This La probably 
bocauno- the trator and coil in actual . oanaic contain alight 

otanto of collo2 dal and organic matter ubich pro ide a bind* 

In 	c= u d Cicz bcc' auco mvccnt of c it pcirtic .oil cn 
be tolerated in practical douign without on&ingoring cbanna 
ctcbtlityfp c nco the por tiosiblo value may be taken boa 

than the critical va1uo D 

The tipoo of the uatorial In which eanolov are 



aonfltzuoto aro divtdod no tóUoti  

1. Corao noncobosii,e mat o ,G. D. 
a* Pjno noncoiOtvo siatorialo and 

3. cobooivo 3rtorial. 

Xn tho ftrct cltna of zrntorial the tatted out rood abovo La 
direct3.r applicable. The USER baa mado a OO2prObCnC.VO stud 
of the pro'blc1nv using data for cocarco non'cobcavo Bator al 
obtatnod from etpor&ientc In fiftoon 'ash@$ of the t tSn 

Lute v'tzlloy canab0 h: ving dtochcijoc ran6ina fora 17 cup gt 
per coo. to I o OO ctao and elope from +Q2 ft per mile toll ft 

per mUo [8J tO bulto of DoaSucnento are a arariod in 

1?i . 3I The ciao uned for corapziricon tnn that of o of vhich  
a5 (by` ei t) is 3.arger. Thin is becauco it  i aa oupoctad that 
the water with high tractivo torceso in floiino through th000 
canalE3; ' d more all the material bolott a certain Dimon 

The limiting ntzona in lbo#' aft on level bod In doto tnod fr 
the rolutionabip O, tiuoa 2% In incbouO Bch in prccticQlly 
the o ,tica. ct 00.. 

For the doOi of anal in c oo nonocoboalvo ria' 
rtal f one snuat conoidor not only tkio limiting tractsio force  
on tizo bttoia but alc3 the action of the particle a  in rolling 
dorm 	the wing i i600 of the canal» Thin involvco tho angle 
of z'c co and valuo of K. The trccti110 force diotribution and 
hrdxaul,a 1ugbn000 to aloe very important, 

3gurc (3 ) ohouo the data obtr~inod by U31R an the 
canalo of the Sun Ludo Valley. It urea developed for the natoo 

al tnving opoeific gravity of aJ6. if ucod for ciato4c3l uitb 



procizb1y diffornt opocUic i rtv'itioa the trcictivo 

(orco fora # .von io zuct be cuitipliod by tho ratio of 
the ou1riorj,od unit not ht of the other material to the tub,► 
rnori od unit uottjht of the rztoriil hvin8 a opocific cvL y 
of 2J6o In the CaOO of porow ITlatGZ'iQl the t t*watod unit 
ttoiht coti4 be wood, Since moot oboorvation points toll 
either above or vorvery cloco to lino A thoratorQV, it to ate 
iinitin13 value For ouffictont t c r o oQfotyp tOntatIPVOI7 

lino B :was 	c2omvondcd for design pua'p00o0*. 

Came In tomes  noncobcoivo material tiro in 
Tuedito 'bettioon other tio claCseO, n this *loco the effect 
of 	amounts of cobocivo oedlnont in the 	ov in. 
the tutorial through ihiob canalo floi becomoc iwportt.  

BOOB on a conOtdoz'atton of all avt2.able data  
boot recomaon&tiono ,btob can be made for cctnalc conatruetod  

in fine xzon*coboaivo catorial aze th000 tvon In Table 31 
The comparteon of tho o recomondottono uith moot of the 
dote availabjo no of 19 tin S'hoin in Pig. 37 a fly high 
con ant of tine eadicont to raoant a load of or aoro of 
out end cloy ,flea on an avorao of two or moo hoc a 
yoar ith a lo 	of cc d8. UnforWwto o  Out  
Qtcnt tnfoz atton to not avatta .o (as for 19'a) to ar t 

1i it for the o11otb10 cand contcnt0 Htoro much + na to 
co odv  tb o aetbod of analyata to not appltcablo0 , 
low content of no coGimont la defined aO a contort of 
oUt and a olo' doe roachinC Oo 	ncont tton of the 
avorago of to or two tto a a yenta The Cand cootout 
otzould be very two 



The ood2en 	v or also of which 509 (by .Sbt) 
tozijtu1 ccitt ad for the fino none-cobos vo znnto 	. 30 

c ton • But for coat non bacivo the ii8o of a$ larsor 
0180 to c a an Zn the et* ty of 5 mm Qi8oa which tmo 
GWOUMt crbitwUy ooloc tad as divtdion bottroon tbooe 
tea oia8oespuhiohvor 3.iCifteatjon sivo the lotsor 

tive forco to chocon. 

tIlzero tho canal to natz'uetod In be(4,0 mzLtortaiV 
the p rtioloo a provontod from ztOliing doun by cobeoton. 
fence 0 the part of enrilyat0 ID ' not appltcablo 'bo doot i, 

' ho*otore0 invOlvoo only the diotribution of ftho tme .v r 

fore for natorial in bicb the canal IQ conzitructod. 
o0o conalo tho hydraulic roughnoco to not a function of 

thc aloe of tho partIcle but of the pogo irro; larittoo 
on the 'rrw and uciiauy of the z ,p2lo foation on the bad* 
For the loci en +f canal in tbto colon the only data Cafo on 
tractivo forco availa o (no of 19aa) Caro tb000 obtained 
by convort1ng limtttnt3 voloct'y. They are tvon in abloo 
3.a , 3.3 and 3.4 

3.10 LIr ?IN0_ TItACTIVC PORC1 1ROI4 Z VIZs2t1G VEL0CI 

iiho data for critical tactive forcea obtained ,frog 
la'tx~ to uro applicable to the cam of coarco non ohooivo 
rotor alo But the roculta of those o ,orinento Chou that the 

l,1mitina tractivo force are more than that ohot In lAboratorr. 

No lnbw ato data are available  for 'meting tzacc 
tivo forco In cohcotvo aatorriol0 For both of ttioco canon the 



only L a' d of doto dntntj ltintaOtivo force to 

the limiting velocity 	 cb theco ocnata øuOtcin . 3inco 
the velocity to not .n completely rational pa otor° tn d 
tuna on of scouring, thoroforep theco volootty data 
are not entirely c ati cfacto 7. Thoro arc throe S ri 
of union ►olociter datàe 
1, XLA. Bt vory data C%1 Table 3,2 

Z * !400ere * Foz'tior and Bcobcy [?J Table 3. 4 
3 US Data C 5.8 I 0 ThbloC3« 3v 3.5 
The data in Table 3.2 Is not ro3 te@ to the aizo of cam., 

V The data obtained b7 Moaaro Fo for and tic ob (Toblo.3. ) 
are for a 0depth 3 ft or lose# a They scot that, for depth 
loner than 3 ft a moan velocity motor br +ASS c may be 

lc od* Th037 alco agate that the values are applicable to 
cancli ttb long tangcnta prodoninatinl3 through their lcngth 
anti tbt for Flo in otnuouc of aUCntcnt a rouotion 
of about 25 to rocooiandod The valuco aro for canals 
whicb have been 

Table 3.3 obot,o Ruooian data 	.ng the per4cttblo 
value for imulur niatortol of vartoua dienotors, for a 
a ,cn depth of In, and for vatar carrying boo than O.I~ 
of dent of lose ton 0.*005o otao. For other cccn dap s, 
th, vi.:au-O III Tablo 3.3 can bQw.ti iAto 	th3 fact o a 
in Tobbo 3.3(a) • It to also otaod [$31 that the pox uioo b10 
vobocity in Table 3.3 can be tnereao d by "a fo .louina 
porcontagec for , ow containing tioin O.I;1 to 2J$ of ccdimcnt 



oao than O QOO n In diamotero  from a5% to 65% for candq  
from 1O5 to 1+50 for arcwol D  and from O to 255 for pob' es. 
For cohocivo matoria 1, tho values arO von for ixa moan 
depth in Table 3.5 and correction in Table 3b ao 

To wor 	values of biting velocity in the litoaa 
Marro into o a,ctlI oquivt.lent values of traotivo foraop it 
to necessary to know the aiaov  ohapo ohooz► distribution and 
onoz' 	radiont of tho channoin to hiob those values apply 
Becauoo these data are not givono  it is necessary to matzo 
certain asow Lion regarding them* A cam with a 3 ft depth9  
bttom4dthófiOft and aide alopo cif It* tolbcdboen 
used and iiitb the help of Manning formula the onor, r Glopo 
%O d torinod by Mr. L no 

3.11  CJUJAL C1tRR IfG H. ,AVY SEDIMENT LOAD 

The principlan for docigninf of canala with havy 
oodiviont load P  aro as Zollount If epprociablo qunatition of 
codinont are introduced in the canal with the Bator, the 
otcibii ity of canal will dopond on tho fact thatt this se em 
to carried through the canal uithout depo t, 

t to the ccnt2 nuuct be able to transport the 
ccdinont uhich is intioducod into it Ucnra1y the grorttoot 
difficulty in ozporioncod In troncportinia thi cand c oa'oo 
Olson of natorial a 

3 ocawa moot of thin material travolo near the 
bed 0 a otablo channel r not have sufficient shear acting on 



94 
the bod to tranapo.rt this load* At tho camo tune, hotTevorp. 
the ah--ax on the oidos moat not bo , at onouBh to acour 
the oidoa A1CG the oboar on the bottom  moat not be ao 
much roator than that required to tranoport a cadiniont 
that ocour of the originai material. of the bed rota. 

If largo quantities of fine aedimnont aro ce .od0  
the chear tough the 8oction must be sufficient to hoop 
thie material in cuqpenston from deposition • The 	 az', 
botrcvor, must not ho of such a ma3aitudo th t acourin of 
the original ito ,rl i1l oceur. it both tine and coarao 
rncztoriel.e are caned by channel In appreciable ,quantity, 
there ,rot be oflouh shear on the bed to cause the trans 
portation of the coarco material t  and onou . flhoi' on the 
mss to prevent the depocition of the -fine matoriol. but 
not enough to cawe tho scour of material fo int the banlv, 

Thus the I xwo of sediment tranopor'tationg are Val 
important In tciblo channel problem, but thoco are not 
cooploto and still remain to be accomplichod. 

3912  .F 	OP HiaimS 

Con .o of USM have boon .designed to Vii,the 
rc diu0 of tondo to minx timos the vator-»auz'faco twidth or 
6ftsoH tiuuo tha wator dap . 

It rnibor of othor 	(oations have boon .mcdo [56] 
The acou r on bcndc can be road . by to rIne !r7OlOCitY of 
fiou • This can be done by inozoaC trig canal area on6 hence 
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lergor coat, It ,i1 . be noro economical to allow the ocour 

to begin and then .atop It tr piotoattnethe baT W at tho 
potr tC uhoro the scour occurz g rather than to ucolargo' 

crocovcoction n0000vary to inouro that no ocour ul.Il toko 
places 

The vallaa of Uniting t. acttvo force aro Ivan for 
at ig} t canape. The carrocttono for bando are glvan in. 
Tab] .o 3.6 In order to .define tho xing of thooc vartoua 

dares of ainizoiwt o th fo).loUtng xna" be uoof 1. 
I,* Straight canala have straight or oltghtly curved ate. 

zucntO 9 as is typical of cando in flat plain  
a. 2; 1t 3.r sLnuouc cone a have a doreo of mature 

U bich in typical of slightly undUlating topOt;rapbya 

3. Xodoratoly oinuouo canalo have a degree of onvouoit.y 
v .ch to typical . of ciodarzztoly rolling topography. 

4. Very OintOU3 cancal3 have a, condition of Mature 
tbtch to typical of canals in foot hills or nountcinouo 

The valuoo are boo d on u6gomont rathor then 
obaor~ro A data. 

3.13  I3UI7 8COtUrIG CA. I LB of I T1I UI1 CAVA IOr1 AND tiiDDCB 

In 400icntn0, otcbl.a chznno3,, tho trepcoo .+ •l Coat2on 

to found the t cti ra forco seas equal to the po ttooiblo 
value over only a part of the porinotor of the 000t.on, 
L oroec of lose nagnttudo than theca acted on moot of the 

LI 



iotcr, Tn developing a atablo b rdraulic acat,ion for 
A931Sji tt efficiency, It is nocaSoa I to BOatio f the 

condition that iripond ng motion shall prevail ovar3rtiho 

on the final porinotor. For material of with a given anglo 
of roposo and for a given diochargoo  this opti cs oaotlon 
will provide not only the channel of ain 	rotor aroc4 
but also the channel of riininrnm top vidth and maximummoen 
velocity, and minor excavation . The Chzpe of the channel 
is dictated by the fofloving aaumpfiionec 

1. At and ado the water aiwfaco.,, the side slope is at 
the anglo of ropoao of the taterjai.  

2. At points betsroon the centre and edge of the channolq  
the pa'icloa are in oto to of incipient motion, under 
the action of the reoultant of the gravity component 
of parti clew,, cubor1d broi ghat acting doun thocido 
elope and tract vn force of oho !lowing votor* 
At the centre of the char mol the ci o elope In zero, 
and the tractive force alone its sufficient to cauoo 
&noipiont motion 

. The particlo to hold against the bed by the aonpononw 
of the oubmorgod uoight of the particle, t ctthg norrnal 
to the bad, 

5 o LO t aotivo forma cn any aroa is oqual to the cOi ponont 
of the uoiht of the tratoa' above the area in the ciroc* 
Lion of  floti. ilndor the first three aatiuiptionn the 
par icloo on than entire perimeter of the canal cr000- 
coction oo in a otato of iinponding notion. if aocszp-,  
tton 5 Is to bold there can be no lateral transfer of 
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tractiva force boiwoon adjaaont curronto mina at a 
difforent velocities In tbo aoction -P a oituation0  houmor,, 
that never actually occursa , But CLtUdt.oO chorod by nathcs  

tical onci3jBtO in tau that the actua3. gofer of 
traotivo force #gar little effectwhichcan safoly be ig osod, 
The dotailed dioauooton of thin is found in .DOI 

The catica3. tho streaeo  cr, on the aide slope 
of angie 0 to the bori .ontal t related to the Critical 
obcar ntross +?0 on a bed utjlth no aide riopeo by  an 
oguatton derived cA 	a to 

coo0 	 4 

	 X0.(3*63 

I ' it 10 aoeumod that the ,local. value of aboar atro3e v 
is directly. proportional  to local depth y Pia. 3.8 • Equation 
(3.6) yields n 	relation that can bo into tot. to sivo 

the toliouin# 2 r equation 

7 	X U 

70 	 3 0  
Co that the required profile in a altnpio cootha cure o. A 
further intora".ton ahouo that the aroa# A,, of the coon 
section to equal to 

A a .._. __ 	•..C3.8) 
ton o 

1i slight o tonsrton of the theory aivoa an otpr000ion for 
trotted porisotor P. It is oquo3. to w, 
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The Oubatitutlon ct 0 - t 	antifloto furthor arAquU•~
.- - 

70 
tion leads to the i "tto i 

" " oin 	conac 	. . 	} 
0 

Deoaue tho Uinjta of integration are ?12 and O 00a4 ma 
rc Pizcod by oinc iitbou.tehantng tho ro1uo of inte ra v 

The intoirl it the etonr4 complete slip tic intoz'al of 
second kinds, uo czl y denoted by Bo .j 	y ,t von VQ3 u( p 
its value in oadUy obtained from tablo, . Isom 

p  _  .,.(3.11) 
oin 

Ronco the .hydraulic 	E'adjuc, R equal to 

R O11 	? !°° 

jbo [toy va luoofbr 0 	35 	may be computed, 

8u?aoa .width t1 2X4 	..SS. 
T
o = 	?4.f9 y 	(3 13) 

, t,. ,..A. a Areas 
tanØ 

~, 
0. ~► 

2*86 y a 
0 



Pori,InotorD 	 = 
nn 

4 	= '.99 	(3.15) 
0.571+ 

coo 0 v0 G.818 
flyd~tlin Radtuol a' 	s 	a 0.57 7, ..(3.16) I*1+32 

The p0 ?olationc ip tbich loa+2a to Eq. (3«1) does not 
uniquoly dofino a co pjoto channol aoction, Tho rO oquation 
would bo oqui3.1y c ticfiod, by tnortion of a Ooction of 
constant depth botroan tho tuo curvod bat) (Typo 4) or 
by PornovinLt a Ooction from tho coat (fie C) in Pie. 39. 
Typo 8 of tho th ovo curvo consicta Of tho cornplotn cur tod 
bark Utth 0 te 0 at yQ a 0 but uittzout a central into . 

tM7TATiVi2T REC01ENDED LiarTING VALUES OF TPJCTIVE FORCE 
O C ALL .11 FIFE 1'ONCOMS 	THRIAL 

Uodian Sinn 
of tmtorial in 

Im 

Li tine rretivo Force lb/oq, t  

Cloar uator 	Li t load Of Bray load of 
Pine codi ,ont Ping codinont 

0.1 	0.05' 	4,050 	0.075 
0.2 0.026 0.056 0 Q).07 
005 00030 0.05'5' 0,033 
1.0 0.010 01060 0.090 
2 00 000C, Q.C30 0.10 

5.0 0.0140 0,165 0.985 
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TJUILB3.z 
COI' 	60U OF I TCRg1'1*tVT' B !iAXIUU]i ALLOUAI3L8 VrUCITIL$ 
tIXTE i...CTIVf F0.tC1 VALUES 

values of Volocity ¶rcttvo forco 
!1atoiiol xi 	n .n, fp0 lb 

Vor 	light pure 	1 
of quick aand chaitotcn 

Ver 	light looCo 0.020 1.00-1.551 o.OI10004a 
sand. 
Co mae ~d or light 
v'andy toil 

0-*020 1 54W .t~0 0.02"00.045 

Avarc go sand coil 0.020 a.00,a,50 0..Q 	' 0.070 
sandy loco 0.020 2.50*2.75 0. 	~.o81a 

Avvxace 3,aarxo, &1IU 	c 
U PvQ .c 	Q aeb~ coil 0.020  2.?5 3.00 01C8k'OV IOO 

Pig► loz, clay to 0.020 3.0O3.75 0.100.0.1 
Dt12fcjor Coi ,, ordinary 
grQval co 0.025 4'.005.O0 0.12?8w0.434 

Cocirco Orcivol, Cobblo 
and to,ngloo 0,030 5.0006.00 0. 	.903 
Coco tot ccaont 
L rcvo1 tuft otato, tough 
bcr6an g soft ooc2iion• 	0.425 	6.00 .00 	Q. fa71.114 
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0 

TABLE 3.3 
Ø81B LI11ITITTG V£LOC TITS AND TRACE' E PQ.iCTriS ITT CORrSIVE  
I1ATEi1XAL (SAND CONThI1T LESS TiATI 50) 

Compactness of bad 

tonn c 	c 	t►  .pro 

 

Loos U F+ 	y go 
Doacrptivo tol" 
Vold R t o Looco compact compact compact 

2.01.2 1.20.6 0.6 0. 0.3-0.a 

Principal cobocivo Limiting moan vc1ooit 	/ooc.and 
Material of bed 	Limiting  tractive force W coo,. 

Ift/vocl »' 	2.' ?l , f-` not J 
sand C]47(CQnd 1.$$ 0.01+0 a.95 .15? 1+46 .32? 5.90  0.630 content <50)  

Hoavyc1age 	1.31 0.031 2..?9 0..141 4.10 .305 5* 8 0.563 aoilo 

C1cy 1.15 O.02'i 2* A24 3.91k .23 5,Ii.1 ..530 

Loan CIA7 	coil 1.05 0.020 2. .096 3. .211+ 1+.43 .351+  

ABLE 3.3(a) 
us S: cORituCTIO S C ' PPR C 1 L1 viLocr FOfi n1 PTw 2F GO IE9 TF 

NAT• MALL 
AVLH 

ea rn 	0.3 0.5 4.?5 1.00 1.50 -a.0 2.5 .3.0 

Pont 	0.98 1,64 2.46 3.28 1+.91 *'6.2' 8.20 	,81+ 
Cor 'action Tactor0.8. 4.9 0.95 1.0 	-1 .l '1.1 1.2 



3.50 
3.50 
5.00 
5.00  

6.00 
p.00  
5.00 

55.50 

0.15 

0.15 
0*14 

0046 

0.67 
0.3a 
0.66 

#01, 

ABLE 3. r 
Co11PARISON OF F0HTIE AND SCOB1 Y' S LtZ4I' ITG ULOCITXLC WXTII 
'R C' s POfC H' VALLi33 - 8TfV%IG CRn ' V APT ER AGING 

Pt r clear W 	water a p t 
l ine colloidal sits 

► r a fl 1nilOdt,[baCtjv* o .c~ . [Tractive 
tors 

ft/sec lb/o 	/5cc lb/sft  

Pine land s i.loidal 0.02 1.50 0.027 2. 0.075 
Sandy loam no colloidal 0.02 1.75 0.037 2*5f 0.075 
silt loam noncol]oidai 0.00 a.00 0,0148 3,00 0.11 

Alluvial slitsnoncoUo 

da1 0.OaO 2.1600 0,0148 3.0 0,15 

ordinary .z'rn loam 	0.0 	.5t 	0.075 
Volcanic a. 	 0.020 2.50 	0.075 
Surf catty vexcolloidal0.05 375 	0.26 

Alluvial cute colloidal 0.02 3.75 

$dos and hardpan# 	0.025 6.00 	0.6? 
Fine gravel 	 0*020 2J0 

	
0.075 

Oraded loan to cobbles 0.00 3.75 
	

0, 
when non colloidal 
Graded silts to cobbles 
when colloidal 	 ►.t~30 1.00 	0.43 
Coarse gravel nonctllo 

idea. 	0,025 4.00 	0.3 	6.00 	0.6? 
Cabbies and abingles 	0.035 5.00 	0.91 	5.50 	1.10 o 
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BR 
USSR DATA OTl PBRX1X8XBL . VELOCITIES FOR 
TiOJWSXE SOILS 

. 8crdiuont boon than 0,i3 of of of O,O45n) 

tozia1 Pa 	i cla diatiotOr 1on voboct 

83 

Pine cand 0.O 0.66  
!4odian sand 0025 30 

COaDCO t 	d. 1 *00 1490 

Pine 	ravob 2•0 a.13  

HHod 	Oz 	e1 5.00 2.62  

Conroe g voj 10,00 3. 3  

Fine Pobbloc 15.00 3.. 
t4odii Pobblea 2.00 4~ ` 
Conroe Pobbbot3 140.0 5b' 

r o Pobbloc ?5.00 08 
Large Pobbboo 100.0 8.8d 
Davao pabbloe 150.0 10.83 
Largo Pobbbac 203,00 12400 



TLIBL 3.5(Q) 
USSR CoEflIcflptla OF PEI-OaS3XBLL VEWCIT FOR DE 

Noll COHESIVEHAVE 

Avorwjo depth 

Ilotora 	0.3 0.60 1.00 1.550 2.00 aJO 3.00 
Foot 	 0.93 1.97 3.a 4*9a 6.a 6*20 9,8 
Coz'roo g on factor 0.8 0.9 	1.00 1.10 1015 1. 	i.2 ` 

TDLI 3.6 
COMPARISON OF PT R?4I6CIDLE TRItCTIVE FORCES Iii SINUS CA11ALB 

wrupIarnLr VALTTh3 XII. STRAIOET CANALS 

RolativO 	 &n CcrroopondLn c; Via' a► ot Sinuiott 	trictivo force  torco 	tivo volocity  

S i i .cane. 	 1400 	1.00 
Slightly •Dwra cc n .v 	0.90 	0.99 
1 o o ratoly ci nuoun coo 	0.7S 	0.87 
Vow► vinuouc onnczlO 	 0.60 	0.78  
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FIG. 3•I DISTRIBUTION OF TRACTIVE FORCE IN A 

TRAPEZOIDAL CHANNEL SECTION 
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FIG. 3.2 MAXIMUM UNIT TRACTIVE FORCES IN 

TERMS OF YYS. 



FIG. 3.3 ANALYSIS OF FORCES ACTING ON A PARTICLE 

RESTING ON THE SURFACE OF A CHANNEL BED. 
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FIG.3•5 ANGLES OF REPOSE OF NONCOHESIVE MATERIAL 

(U S. BUREAU OF RECLAMATION.) 

4. 



Is 

:I - 

L14 

t -tt 	 Z I 

S 	 3 M 

?+ t 

4 3 6 7 9 9 JO 	
G, 

Viia o f k. 

CRITICAL SHEAR STRESS ON INCLINED SLOPES. 

	

,t•(ta? 	 •, A (es 
1 	o.00$ 	0.0/ 	0.026 	a.as 	a/o 	0.25 	0.50 0.75 (.o 1.5 7.o to 
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FIG. 3.7 RECOMMENDED VALUES OF LIMITING SHEAR STRESS 

(FROM AMARICAN SOCIETY OF CIVIL ENGINEERS) 
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3.14  VRAiICI8 t4, HE D R8ONN+ 8 ilgo  (60J 

H. Rcndorcon by and inl3 Olight, o itontton of tLa 

.moo oo 	of Pablo *honnel doOign , and by corabtning 
tt 4th 8trtcllor o forzmia deduced tb000 fortnulao ubich 

a `o otrnticv to G. LacoyO 0 "8'o on oqua .onaa 
Ho also proved that Lacoy' o vid 'diochargo 

tion of P tac 1f,a to truo for na roar abanriol dovolopod by 
Lang' o theory. He alco pointod out that the C 	arity to 
not useful bocanoo the ogirno condition tap ao that the bad 
to live v  uboroas the trootivo force criterion cicstmrnc that 
the bed is only on the throbw1old of notton . Por the latter 
criterion9  the ohe r and ponce BC 9  to required to be constant 
at all points alone tea channel. But for the to of it to 
required R'/2 8  in conutant alone the channol. is criterion 
has boon, proved by blo by uotng Finotoin bad load function,  
Uc ontionod also that only two oquationo for otablo channel. 
cafl be obtained fron eonotdor4tion of bad conditiano and flown 
reoiotancov  and taut third equation , ouch an Lacoyt o P cm 
can be true only it there io a certain olopo"diachargo role' 
tionobip,, that lot, a longitudinal profile. 

The author tuntod to introduce the oioo of bad natoria1 
d. Tboroforc ho ucod ahicidf a ontraimant 'unction. 

The oporiDontal uorlt ty Shield and otharo bao Choun 
that for valuoo of the particlo Roynoldn number (RQ c 	) 
above apps tatoly 400 0  the follo ing rotation ldo' 
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FIG. 3.8 DEFINITION SKETCH FOR STABLE CHANNEL ANALYSIS 

AFTER E.W. LANE 

0 	o 	 a o B 	 A B 

y 	y 	 D y C 
	 DEC 

Insert of constant depth 	Section removed to form 
Type A 	 Type C Type B 

	 Type C 

FIG.3.9 ALTERNATIVE SOLUTIONS IN LANE'S STABLE 

CHANNEL THEORY 
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3.1.  SCZ8 H. H 	$ON's THEORY  (603 

M. Henderson by ring slight ezt.nt on of W.L, 

Lanes theory of stable channel design#  and by combining 
it with 8txtcar s f0rsu3a deduced theme fozmlae which 

are ailai' to 0. Lacep0 "regimen equations. 

He also proved that Lacey's widthodtacharge rola" 

tion or P uc Q 12  to true for narrow channel developed by 

Lane's theory* He also pointed out that the similarity is 
not useful because the regime condition implies that the bed 
to lives whereas the tractivo force criterion assumes that 
the bad is only on the thraah'hold at motion . For the latter 
o .terion#  the shear and hence 118 , is raqutre+t to be constant 
at all points along the channel. But for the former It is 
required 111/2  8 to constant along the channel. This criterion 
has been, proved by him by using Einstein bed load function. 
H*enticnad also that only two equations for stable channel 
can be obtained from consideration of bed conditions and flow 
resistance#  and that third equation, such as Lacey's P tie J 
can be true only it there is a certain elope-odischarge cola
tionehip1  that lei, a longitudinalprofile. 

The author wanted to introduce the size of 'bed material 
d. Therefore$  be used shield' a entrainment function. 

The experimental work by Shield and others hair shown 
that for values of the particle Reynolds number (Ri IfMd  ) 
Above approximately 4000, the following relation hold#,* 
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3; 

►.056 (APPTOX.) (fin. tpa 	.ts) 	♦11(3,1?) 

66 a the ratio of soUd 0 fluid density, d is the sediment 

aye In inches. 
The ozpr ion on the 1olt band side Is known as the entrain" 
sent function. O3 a seotton wide Hugh for .'! to be constant 
over entta 'kids I'/V 	, in which the value of 8~. a,i.6. ,. (3.17) 
shown tlmt the condt1on 

d o 
 

11R8 	(wide fin .) 	...(3.18) 
be .dC at tbrho34 men  t, 

For narrow charmeis the mttrriri shear stress is 
WY0̀8inbtb O I s' the r azimum + eeth.. Then 

11 0 	 0.0(3.19) 
In particiiar, for limiting  type B Fig. 3,9 cross section. 

d  
a 19 Re  

Coabining with + tiicklsr' a tormua relating the bed materiel 
sizsdto the wing a , m 2 O.O, 61/6 	... (3,,21) 

0.O3 d' 	
... 

Al pat 8q. (3.18),  d a I ThS I for wide channels 
V29RlaV,3 	 (3.23) 

Azad for type 13 channel derived in del a theory 
d a 19R8(as per pc,. (3,20)) 
V - 27 R1"2 6'x/3 	 » . 4 !~ 3«2~►y 

Hvtdntiyr equations 343 and 3.21k a,ra both very 

In toza to the Lacey' a aqua on 
V a 16 R2/3 a h/3 	,..(2.21) 
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IS tro want to doOc bo tpo B chtnnol oro8ococt.on cop1oto1.y. 
Than by Eq. ,(3.2t with 100 inororaoa in constant) 

Q=, 	, oa 	R3/ap8113 	.. 1 

B = 4/193 (by .3.20) 	(ii) 
B a 00 	, and R=].99 'o  or P 	It 

P a 8.7' R 	 .o( l) 

Eltr4nation of P and B fro - rho tic oquatton z yioldc 
S a 0.44 ,d1.15 Q00,46  

An o cation that LioC tho 1trni ins VQluan of O1Op') at wbiob 
the limiting, or Typo Be  channol Apo t owivod in Lno'v Thoory 
would just b utablo. In grater dope than that va3.uo, tho 
t,td r Typo -A channel of ]cu touring capacityv roquired . 
If the 8b ps to lac9 than that Givon by 8q. (3.2S) then Aga 
C channel in ?pGZloflti1 rqutrotL 

feanwb to an oquat on wiU bo given to the c►Pfaco 
width t4 . From q.(3.13 and (3.19) 

',} a I+. )# T a 	 ,a 	w  

	

a 	lis 	a 

From Eq. { 3. 6) we (got WO  a 0.93  
8imibarly for wottod por otor ( P (by o9. 3.i5 3.19 ond3.a66) 

P z 1.03 d7o 615 Q  , 46 	 * * * (3. alb) 

Thocu oquntions are rora ably ixailar in fon to the Lacoy 

'Re. 	P a 2.67 II/2 	 0 .. (a'v ) 
£ithouh thy are core Conorel in that thor ai t th cocount 

of th3 bod natoric3l oit ov  oautiono 3oVb and 2,20 , ivo the 
Como zcult ul h d a 0.O in app ro c toby v ch 10 troll 



tiit in the range of OUt Otaac of Us Indian conala on irbich 

. oy' o oq tionc are b aood. For vevif, Ong La coy re1ittonthip no 
V a 1,55ji  

Tbo author used Ego. (3a0 and 3424) and eliminated 8 bott,00n 

the abb e oqua .iona. The recultin,g equation to with 10 tnc ac) 
In con Stant, 

This equation is subotantially different In form from the 

corraopond .ng Lacoy equation4 

In z ry from fie' a tractivo force throw the 
following oquati-onag which are aaplieabio in limiting or Typo B 
channel crc cs cectiong ar dortvcdm 'The cptcIfIc ztty e(ua1 
to 26 and an .a of XQ900G e, 

V 11d1'3 R116  
V 30 9 a 8113(10% inczoaoo In c ono t) . { 3► ~ 

+~ 	O.93 d « 1 90*  
a 

For the other proportioc of bod iatorial only the cc otf'ictor-to 
i.1 . be cbongod. The two lattero equations are cthilazt, in toii  

to corrocpondtng Lacey' c equattcno but the firot or c to dtff-
oront* A1tboub the 'moo oquattono are dorivod for the Typo B 
channel Cootion # the firat two will ba tluo for aU %rtdfihh 
dopth tioo. u2th only olt t cban3c4 2m canotantoo wit the 
third one to applied only to the "''ypo B cection. For otinpiicity 
of compcitntj the particular valuoc of 0 and 8, aoro aooixrod. 

' bo general fora of the oquattono aro as tollousuttb number 
of particular for-mot of oquationc on loft of each oquationv 
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that is, that for which O V►35° and r a 1.6 

( 3.18, 3.19, 3.20) d o 18RS or 18T8 	...(3.29) r 	r 

(3.23) V = 30.6 zIt6R1/ 1/3. 	 *0 * 3*30) 
(3.24) V = 30.6 B2,1/3( r cos ) /' 	(331) 

(3.a6) 	 2 	 r J 	
3.32) 

(3. a) we 
=0.73 cosøcot ('~ 	0.1 6rOO.15e -1 Q x •4► 

g 	cosh  ..* (3.33) 

(3.2 +) P z0.+' cots ( n j _ )061.6 r' °.15 '»0.15Q°4 6 „*(3.3+) eo~1~ 

(3.28) V= 11.7d1 	' 	+ 	I 	...(33) 

As mentioned before that the above formulae are applied 

when the particle Reynolds number ie. above a?proxirnatell 490. 

Now if we eliminate ern between Eq. (3.17) and the 8q.R5 04000 

with Kinematic viscosity V assumed to be 1.2 z 1m ft2/ sac., 

the lowest value of d to which the equations are applied, 
will be found approximately 0.24 in or the sediment size 

Is larger than 1/4 in. Per further  generalisation to be 
applied in the sediment size lose than 1/4 in, it is noes - 
awry to deal 4th the dip In Shields curve of otfnment 

r d 
function versus particle Reynolds number (Rob a ~y • 
When Re* ( 400 and the entrainment function # If IP 

is accordingly less than O.O 6, $s r 0.056 K. Then the coeff' 

icient 11 in Eq. (3.1$) All be 19/K and the coefficient of 
other equations altered accordingly. The effects may be summed 



110 

Equation number 3.1819 
2Ov2 

3.32i 
p 31 

3.26 
3.32 

3•2?a 
3.33 

327b 
3.~ 3.31 

4U1tip2I right 
hand 	do by 

K=1 ,91/ 6 i.23 jó. a3 K-00.3 111/2 

iIn the aocond .ot op - the1p tbor proved Ott 

	

t
n "Rogime ' o4uatlon R 	conotant, and in throohold theory 

RS= conetant. l7or this purpose he usod 8inctoin+ a bed load 
function    

In which qn to the sediment diccbargo par unit width of the 
annel. Rinntoin azowcd that 0 was related to the entrainment 

function 	 ,. 

(& 1) Yd 

In this way - ► 0 as 1/9 0.O% and for 1/9 >0.1 appraziinato r 
p 	0 ( F ' q) 3 	 O 6 ! 1j i1 38 

On the atreit line portion of the j 	 curve na mentioned. 
BOoauan 't = YwAS , Eq (3, ) can be writton no 

 as 3 
rd 	 3 •39) 

in uhich P La a function of grain oiso and fluid pr ortor 

R 	36 9 	36va (P , 	1 # 	1 	
{ —------- 	) . Tborotore p for any i, 

	

Gd3(8 .'1) 	gd (a °q) 

canal uboao bad lintorial to the Deno along Ito holo longth 
p0 c3 a3 e 

Puz ore aloflg any onoo toblo channel the nodinont concentration 
11l be conotant as troll on de If iio oant idor the raaijtanco 

otuatjon of RX.Lini, 14,ASCR and 86RHang, A.fl.AECS C1-1 
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V0C 

The values of X and! depend on bed formation and 1 odimont 
vise . Then g a , Vet and by using Eta,. (3.+i) wa can r ri o 

' x VR a &}1&OX BY 

cc R2 a 
For any one othblo canal sryotom titb d a' d qd/q conotant 
it tolloo thut 	 1/' S 	to constant 4 tf 11 `3 = conOtannte. 
thong . 	,~ 	 I OY) = conat-,-nt° it `ollowD fl at (B) 8 aonotant 

This condition in very nearly fulfilled so per 

table below in t,hich the valuoc of X and T are given by Lin 

and. 'Hwang • And to ezactly fulfilled by X=3rn and ''f=1/2 ibich 
are aosumod by Lacer. 

x X'T 9"{~̀' 1, 30Y) 
J. 

[2I+z 

0/17 0.1a 
0101.26 

2/3 1/a 0,533 o.4 
0.35 0.30 0.61 0.167 
Q 04 

 
0.30 0J9 0.aa3 

t .5 0.33 4, 56 0.395 
/3 0.1. 0J13 0. 

Liccyoo tirot Eq(v cJ1) 

0,188 	Plano badsd<O,2 mm 
0.181k Plano bod D d =0.1+inn  

0.190 Haxnin 	E. d)10 irnii 
Duno bode d r0.Olmm  
Duno bed c' O.1mra 

0.214 Duno bed 60,lm  
0.17 1?uno bale 
0.216 Dune bed 	d=O.7mm 

g Coco nDt otund up voll by thh Qb o 

oicninc Lion° Thic cquntion to dorivad from LaooyC Q rooistanao 
oquationo V = K a 	112 	 b.d(3*44► 
and Ego (Rh/2& covet). by olihination of 8 battroon thonv 

v oM f f 
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Rout if Lin and U ng' a more gonoral reoistanoo equation. 
IC considered and S jc eliminated bott on thon3 than ud 
havo,,  

R 	s a Constant 	.. t 3•x+ 3 

and V cc RX 	 ... 3• 
leads to V cc  

X 
From the tablo 3.7 V to can 	tlit value  cLluo (x r 4) 

i o not conmt«nt and approximately equal to O J. It is soon 
that the va uoC vary ciido,Ly, and a PP achon the valor 1/2 
•'nit In certain oan 3s, For providing that 9 	j- 10 

true, it there to a certain elope di3ohargo relationchip, 

again to 4U uCo a ohannol in Bch d and q,/g are conotent 

ad Eq. 3,.43, 

`X 63q Y = constant  

getting Q t VPR and eliminating R wo can Got, 
(1+ (3-Y) 

P 4a qs 2~,X`.~.~„ 
 

It the relationship P cc Q 1I2 is true$ then, 
I 

2( 9+ (, oY ,1. 

Prom Table 3.7 	o can 030 that thin value to ' qt ito cl000 to 
-ml/6 a for piano bode For duno bod9 it rnJgoc botjoon -9/4 
and --1/ 6. 

On Oho other hand it to oitminato R bott~oon E4-0,18) 
and C3.a33 which both are applicable In wide chzsnnolo tie 
iili got,) 



P 	1.14Q 87/6 

d3/2 
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From t oco wo can Bay If the ro :ationoh p p cc, Q boldo 

in certain canal cyatem there rnuot be a olopdiothare 

relation 

That to 	sot •4► 	 . ,..(3.51) 

Similarly in order that the rc3a ion ( such as coq. 3.27b) 
P • a'01 ql/2 	 ..,(3.52) 

• can be trues If the relationp 
8 cc d 	Q O  

uould have to be true {' c * 3.26) 

Uonoe, the dependence at a Po 	relation on an 8'd 	In 
tion , has the Sao form for ride ohannolo and narrow Type B 
channels. On I, live 'mid 'hoary, on othor hand$ 

8 •+a  
The aunmarr of the result that I-Ir. P.M. Rondoroon Cot to n.O 

bolo%►. 
1. B' ucing Shioldo criterion in tractive forco nothod 

with Lancet o theoary$ tboro to theoretical bnoia for tho 
Lacey relation P cc 	In cpocia3. coca of the nary ouoot 
poosible channel t,,th bank otabtlity. 

2. The author proved bq the help of I tnotoin bod'1ocd and 

Lin and Huang, o root otr~nco foriulao, that In livo"bed 
condition R1/2 + c conotnnb to true. 

3o, 3y the oaao analyoio be pz ovod that V cc 	io not 
troll fnundod. 

4e In both cacao (ttxod and live bed) only ter oquationo 
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can be deduced iaamodiatoly from tho conaidorstiono of 

bod movement and flow rosictance, A third oquationg ouch 
no P c 	CO 0 Can only be 'duo if a curtain . rointion 

bottioon diccbaro nd alopo oit0to. 
5. Thic clops ►diachazt3e in tb oa1old theory are similar 

its utdo and narrow channels, rt is 8 co D ` ' approLiw 
rnatol and In the caOa of lx~tocbod thoory it is 
8 c Q!*1/6 approz nto . 

3.15, DR ERAMT SI! GH' a AP ROACH [353 

Dr* flh:at Singh put for rd the bypotheoi.s that 

a bed load trcncport chaa nol- .first adjust its crops-ooction 
to carry a maximum bud load and thon adopts the noco ooaa y► 

Bloc, Re asawrnd roTtanular crosa'000tion and Ozponontiol 
relationship between 'hod ioc tranaport and tractivo Force 

as 

he has obtained tho oguation for width of c ttn cod2viont  

rnn orting cbnnnol cc 
oa 

B 4 10«4 	' 	(no 0045 
n O.13 

00.18 

O.~ C 

Xf -do stoop tho valuoo n .- n, 	9 appronimto3y tho oquc 
tion X11 be 	 80. iGa 

B = 1O.4 n 	a 00.45 ~ QO*545 00.0,59) OSO9  

c 
Dr. D.Sinh found that the equation holds aQtiOS' 

octox' ly with Gilbert' a tw. o data. He uo;:d typical valuoo 
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0,O15 n1r0.0a1 and n' /n = 0614 for ro, o channel 
.th out factor f 21..0 In Lacey' a elope equation and 

?b  = 0.006 lb/ft2  and he deduced the equation for turd 
sidth as bolou s 

B z 2.044 QO*5l5 	 .«-.(3J8) 

'. a equation is much similar to Lacey' a 9  p g/2  oquatS.on 

a T; nport of bad load in lb/Zr 
a Tractive stress on the bed of the chanrol.0  IbOft2  

Critical tractive ctvossea oC the bed matorial 
.' t'f 

no 	= Wining roaiat.ance coefficient co.rreoponding to 
oizo of bed niatorial in the channel (8ta1 chior' a 
oguat on) 

i 	c working value of Manning Coefficient for the 
chani of ac a ,bolo. 

U I 	= Actual toting value of tlannin(S coefficient for 
tho channel bed,, 

t 	c 1ranntng ooefficiont for the aidac of tho channel 
S 	a Width of the channel1, ft. 
If all the n valuers are asmnmcd to be proportiona to d1'6  
the alopo to ac proport onal to d© '6  (Eq.2. 0)  and vC  a0 

proportion to do there will be d11  left in don=inator in. 
aqu o 3.6 • Tbia twanc that tho optinurn bed load tranoporting 
nection 411 be nc rau for coarcor material. 
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In 1961 [33J he dor1vodo by ezporlznont frora fl o 

data ttcb i,aa cantod out by biro and otboz and publi.obod 

data p tho fo3..o `ing equation. 

cJLJ.

j_3 	 K 0 
.0 5.65 log 	 • ( 3* 9) 

K;3 	 0 C 

The val,uo. of Rb to 1von by him an 'dolor 

1~ 	los(12 y, 	8)+ IOU 

V.«(3i6O) 

* }oz given values of Q o  S and 13 a value of 4 obtc int d tram 

,Eepbo Only Rb 	main u knot,n and can be ool~ros3 by trial and 
error. "tea oquation ha 	been found to dive bctor rooult 
with field data than .' coy' a equation.. 

But Dr. o t Singh cugeatod It to ba tooted for 
. to zuoro ortensivo data. 

when 

c 	0 Chow Con st t 

I 	= Hydraulic radiva of bed 

U = equivalent nd groin ou, hnoOa of ripplo bad 

EJatorial, It 10 defined as I = K (6? 

but for tho fiold channol constant (6b") ?c 
cbanod to 12 by him 0 

go 	aguivulont uwnd rouhu as for the bad ryatorial 
t thout ripple and it to oqual to 665 

?b 	= bed ctxoae in lb/f 2 
4 	a a function of cram n size and , radtng - which can 

be found fre grcph ,oal rcltiin bottoen 4 and 
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'465 
Pr _ Froude do =boa 

3.16 MG CHINS' 8 RAXOflAL APPROACH [&i, 631 

The ro ,mo theory troo analyoed by fltn  Una Chain on tho 
basis of nctoin' o bed load function to attack the problci 

by a more rational apiroach to the dooi n of alluvial channolo. 

man the defect of the Lacor a o .lt faotorC2) in tho equation on 
(2* and d.*3i) van knotin be tnvoate„ rated the problem to 
ovorc©ma this difficioncy • He thought that out factor 

uac dopondont not only on the silt grade on which tho bank 
and bed materialo are made up but alao It depondc on the 
sedimont In ,o'w, 

T author' prpo.mod that tho oinioz4on of codimont  

relation in redo eciwation to bocaucc of the tollooing 

1 • The cut factoro nay implicitly include the oodimont 
r4th bed natorial cizo, or 

2. There may be a cuitiblo combination of the variabloc 

ft and B thtch troy depend on the codimont load* 

The above tuo id000 wore actually Znooy' o ctatc:nant,, 
uk4lo diccuooina tho paper ho agreed that the dlanonaiorga 

and elope of on alluvial chonnol hnoina a , von diachurro 

muot depend on the codinont load, but in certain cbination 
of varlabloo the aodiizcnt load tieD entirely cboont# to 

good the o' etc ncnt bto tray. 

v.~ 	and f 	9p  1t3 
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Combining f and f 	and callinG it f 	O haVot 

V f8 	f ,2  
$ g= 	a ?a iW/V, 

1/c 

Putting t 	aS proportional to square root of Sodimant 

diameter (d112) and incorting (g3 
1f2 

V = coma tent 	HS 
d1/2 

t it can be vritton 

...(3*61) 

This Is tho aamo aquation as 5iven by Lacoy and T14lhotra(a,~a2) 
irhicb is dimensionally homogeneous equation and Indopondont 
of «harg.a 

v+ o p lli Chien collected data from Indian cancan 

and rivors a ad by Lacey and utilized his graphical colution 

of cbarin+~l based on Einateinti Bed Load function to to8t thoco 

hypothosos. Be started the irvotiatton froit tboCe equations 

(1.acoyl a Regime equations) 

V2 
R1.3a'O,R 

P ~a , ~•4'~" Qi/a 	 (iii) 

The a: alyaia rac conducted in follo,tn;g tip stop a: 
a. Bank friction nej loctod and the conditions as obtainod 

In Indian canelO and rlanro Toro invactigatnd and compr 

t tion u~.1Qo a 

b. This typo of analysis irac QLtondod to conditions different 

from th000 pro va] cnt in India and Pakistan. 

o. Dank friction was i troduced and its effect iiao studied. 

In the first stop ffR and f tore computed troi the follouin, 
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condition" 

(1) Bad material. size 0.25 mm (average size in North 
India and Pakistan). 
H ovaries between 2tt 	ft. 
S varies between 0,001 to 0.004. 

Values of H  and f were plotted against iadiment 
concant tion and ho bad obtai ; od the following relations 
" a 0*061 ( 	0.?i  

Hg 

 

1.18 	 )0.02 	 ....(3.$3). 

where 	is total sediment tranaport .rate f unit 4dt , 
Zn the a--;can.t atop h - neglected the bank friction. 
Hach Material site 0,z5 m, 2J mm and 2 ' mm. 
art to 30 ft. 

8 0.001 to 0.00 for 0,2 mm six*, 
it 0,003 to 0.0025 for 2.5 mm size. 

0.001 to 0.01 for 25mm wig*. 

He had plotted tom, and 	against /q by keeping 
R constant € nd 8 varjdng and 6 constant H. varying and found 
a not of graph showing that : f 	became quite erratic 
but tRS  remains the same as before, or 

tRS 2.2 0.+5  

for 	I < 200 ppm and 0., 5 Cd (,5 mu,, 
q 



In tho third atop ho has introduaod bAnk friction 4' 

vortica aic o will with n = 0*02 and 
Rc't a* 

9 a 0.001 a 0,00 
Sic 	ulto and conclusions ro 	artnod ac bo3o 

1. In the conditiono pertaining to Indian pain$ I, 

dt 

 

Ofl4O on cotta ant coneontrationo " , dopondo prtt3arily 
on bad zmtorial alzoo 

a* Using the functIonal relationahip ,given both 1inotoin 
bed load function aria the redo theory r +o tiro canic 

depth and niopo of alluvial channel In cutUbriuti. 

3 	r conditiono different Fri thong '. doponda cico 

fl the hydraulic cbaractorLoticc of the hannol. 
* Eink friction han little effect on "rho ovorafl trondo 

according to Vie. &tit factors vary with the codimont 
concentration., 

Zt 411 be oboorvod from thoco findingo that Laacy a 

c itorion for a rogir o cbnnol R1/ 8 , constant in ron 
fowidcd. But bin criterion V cc 1ji oacmo not orall øtabili 

Doe no PVft  depondz3 on hydraulic properties ac troll no coirnont 
cons ont ttion. 

` ho Thoro viU bo a poc 4bility of rrol Lion bottioon 
n ro zo eQuation and the tlwochold theory. 

3«17  T t h' 'i'REtJ►F t  6I 

Langboin atatco that rivore cons rxet thoir oto 

gooixtrioa. The principlon of hydrSU1iCO ,v  Lbich are appli' 
ca lo in fizi bnundar.' chorinol cnnnot bo oppliod to dotozina 
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the to= and slope of river c ino Os 
The bydraulio go T of " defined by bi,m is tkao noon  

form of various fo mO of the ctz'oam del.. 

The autIwr ha + otatod that otrean chonnolo form 
their hydraulIc CoomotW in .ro oponoo to ioat a of for and 
cddtraont iii)000d, In accoriodating a change tn diCchargo, 
rivora can chango volocttyv dtb0 depth and olopee, ?hoco 
chan #oo appear to be tn1 four diotributod cmo 1~g tb,2 co 
co3nponentO ;aa in po itt d by the aver moo nice. 

, i a con oe+ ueno of the .conoralizttton tht the 
total work t ndo towards a mime boc uco the rate of fluid 
friction is road by the on r' ' alopoo tho rote of tork 
(pot,er) per unit length along a river equal Y R$s Varian o 
of potior tondo towardo zoro an th product QS tondo tosardo 
a constant value lone the rivor. But as Q8 tondo toyar& 
ur4tordty9 total 	 1, aQ op0000d by the integral 

Y QS ,LAX 9 tend tovird a minim 

go i icntionod that th of thece idoao ep equal act" 
Ion bottaen adjuotaont of variable and principlo of et c 
tr is to be found in goDnorphic moraturo by Gil' 
and Ruby and othoro. 

no dared the river coo tone by roluting tho " 
nnol' o proport oo to bc.~ru~ftj dicctzraoo Q 0 an given belong 

V (Velocity) CO 
D (dopth)  

	

ti. (utdtb) 	ac Qb 
►p (Slo$o) 	cQ'1 
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By using the postulate cited .above, and by u lt" 
sin ur is properties of channel and the re tierce 
aquatton of Manning and principles of statistical analysis 
he found the most probable State among alternatives+ 

b a 0.53 and v +c QC.53 	 ;~ (3w) 
t o 0. 	and D o Q 037 	 ...(3..66)  
a 0010 	W ccQ0,01 	 (3.67) 

.73 	a cc  

He has pointed out that the analysis is weak in 
the sense that end points are based on the probate states, 
rather than points of exact balance between the forces in 

the action. But the VQ1UØO are given for averaging long reaches 

and a Ads range of observation of baitful dischargoso 

:,  ents • Tt is therefore reasonable to aeis that the 
state of equilibrium 411 be attained fbr a cha •1 in regime 
after long period. 

3.18  CHECK 

Laboratory* experiments have the great advantage 
that they pernit the control of the variables and the study 
of almost every pbt *e of Sediment transport. Novorthaleas, 
the time has not got comea when results obtained by models 
can be applied with complete confidgrice to the design of 
largo crawls. Uowevert the pt 'etcal laws involved in the 
case would be qualitatively goad for checking the inter-
rILatjonhip between the variables . Out of these studies 

two of them are discussed hare. 
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3.19  ?ST ACKER [651 

He he conducted hi8 research with sand having m 

than diameters of 0.16 um and 0.34 mm o  with diøchargos 

va.; r►ing. trox 0.4 cuscos to 5o)* cusac. He selected a small 

model channels in Sand excavated to a $ t :,ght. trap eZoi 
cherinel.. but tree to adjust their cross.eectione, areas, align'  
mont,, s diment ooncent tion$ and gradient until stability 
was reachad.Then he measured the discharge, elope, spas  
cross section and sediment charge. Ong the porfonnance 
of experiment, ha came across the following three types of 

ohannel$*** 
i. « 	Cbannels fir$ bird. and barks were covered a4th a 

deposit of des and c y rnaktng them inerodible. The Me$ 
and clar were waehed out during the scouring stage* and 
seepage at i ti rrn .ng#  mined in circulation and 
were deposited on bad and sides, at is equilibrium stage 

giving rise 	 those types. 

ii. Cb i+dl$ that eroded to a stable section in which 
significant bed and bait material was tine sand provided 

in the model 
iii, 	Channels that developed prominent shale and meander 
He has found for class (i) of channels these equations. 

Lacey' a equatio 
A a 1,00 QO.B 	..(3.69) 	A a 1.126 (Q/ )5/6 
V w 1.00 QO,15 	..(3.7) 
Wa,.►4°. 	..(3.71) 	P 2.67 Q0*5 

D a 0*29 Q0.13 	
0* 3*72) 
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He found little variation of crosssactional sbap• with Z 
discharge, the ratio W/P and P/R .min constant and 
independent of discharge. lie c uld nc t find any correlation 
between 8 and Q and found that the power of 1/6 in cey' s 
equation Is under estt ated. He has found out that his ob-
servations coapare well with Simons and bsrtson' a Via' 
°Mons for comparable canals. 

He also found that the resistance equation 

fRS 

Adequately describes the log t 	t equation 
V 	 r- 

2 ,I 	log '12. 

of K .e,gM in the range i j <JL<ti 
C 

He hae used the resistance equation (3 ,73) and sent 

transport equation (3-7) derived from his ezpeximen and 
third consideration of B/D ratio, obtained relationship to 
define channel. geometer?' as below: 

Prom resistance considexation he baa found 
V 0 	Df~«75 80650 	 . *0* (37l) 

Whore d * 7 03 	LAMA a ~. - height of ripple. 
K +25 

From Sediment transport aspect be found 
V * 	D ,88 	 .(345) 

	

" - 	where d a diameter of particle# 

in sat and N to sediment charg. in ppm. 



Prom wid dep relations: be has obtained 
D/W $ 43 	 F 	 ' 

4(3 constant for *nd , strum In non.eobelive :material or 

may be a fiction of cohesive Strength of bar* Mate al. 
Prom consideration of equations 4,50 ► he has 
obtained the following relattonahips, 

0.03 ,47 0.4.E 0.I 3 , D 2 	0(3 	Q , . ( 3•►) 
w. - 4.03 & »47 4 $)+? QOi 3 	 (3 79) 

A ►od d,►4 	614 ..8►- 	 *,*(3' 
t 	 F 

S 004016 	0.56 40.36 '°* 	...(3.81) 

Be dertvad trcm equation (3..7I,3.7) and compared themi as 
below 

Peter Acker 
NO1~ Oi 0»T ..* 

V13 	1. 	*..(3.83) 

V U' N'°2 d'04 (S )2 (38)+) 

ev.1 „~a» 	'73 7 	0.3 

i0M *85) 

*~C O2 100 
D061 
	33 

Ingle- Lacey 

N'-W5t 4«,5 
D 

V3 
00 

Blench 
v 

DS 
Lacey 

V*16 R°*67 e0*33 



Potor !Acker 	 B1 no and. 	con 

.026 4 .71 (D 	) 0.285 V = 17,9 (A) 0' 	6 

* , (3.86) (Co zoo non cohe 	re) 

3, o 8. 011109 AM St! QU' S QD 	iS 'D` Ca' 

The authors bavo. studied tho bob ,our of oojf  

fo od channels under control condi tlon O D and to attempt 
the detonuirtion offndazental corrolationo of cedinnt 
bearing channol9 opecially with roferonco to width adjuOt' 
-canto Zn All the pr~vi * o o .monto on the .laboratory 
study of alluvial o `snols ' $3edthont load uae not conctdored 

ac an independent variable. The vtudy of Petoo Aoro4p 

thou very comp rohonoivo 0 did not include oodinont load 
parwietore In bio boot Sit oqutiono Thin unofti. ozportment 
eztendod by autho to by inoluoton of oedbont load in their 

rk0 and co cin the otportmont approach moro ncar1y to 
field condittonfi. Ezporimon tai, ' river bed cond bavin a rodiuu 
Oise of 0.3 sa and otandurd deviation of 1 J5 opocific 
tz'avt r 2.66 and avoraco tttI. volotty of &min in cl 
sitar 0.05 i/a c. (0.11$ IV ccc) uo0 ucod,o The rano of 
vartabloo involved in the o ox',rz ont Is givon no bolus 
DAa a ',So 	 0.33 "" 1.90 Cuu€ oc. 
8c z c nt concentration 0 -, 3100 pp. 
Sodinont Oioo 650 

1/180 to 1/1750 

Vfator curftco width 	3.33 to 8,'1 
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	 0*10 	to 0.31 ft. 

Haan velocity 	0.2 to 2.32 Moo* 
WQ rolationo  
SV plotting available date they found the follotiina roles 
horn 
l,. B. 8inh and nnibal data ctnd i oltnBruC3h data 

a c .095 QOJ'  

ii. Peter Ackor Data. 
u0= 3 2  .QOoI2 	 • w, (3.88) 

al. Simon B=,dozo o (U,8.Canalc) Xndian a ales( cold data) 
040 

'ihun they ob.0o odq  erpertiaon tal moles are itdor than 
the field ci nnolo and the effect of aedimont concentrQtion 

On WQ relattonOuip on width is prottcaUy new alo, 
but the offoot of iscbargo to ateng, ''rho offeot of ocdL 
scat oizo also to cttrinod to be email, 

Tb3y bavo fund value of the conotint In tho oçuation 

.(a.56) 

ranfiod froth Q.7 to I.21 thot,tn8 olzodt a four told varta 
fi .on. The value of thia conotcint ao..z*opo.rtod for ooz o of the 
fiold data IC 0..25 cello CtiatUziodi and drat 8tnfb obtained 
voluoa of 1.06 and 1.00 for r a in cobocionloau oand.Thoy 
t o cfcro cc l zdod t1£ thu Inalic 'coy oquationa fail 
to jrsaacnt the diffo, nt conditiono of field and Xabo '' 

Thor hcivo uc3d 	Paco utdth for porimotor in 
32 

'btto n equation P r 4.d0f4 
'40,4. 

a  0,136 



and found tho vi luoO of the numvricc l conotant varying 

frog 5 #10 w ?*? » . Bingo the exporirnonthi chonnolD 
are thus a5 to  9O1 idor than ' no vivoro tron htch 

lutes a numerical contUnto *sort en.T 'of ro they 
concluded that 11hitot o equation La bettor fitted than the 
n 9.ii acoy UquatLon.4  They have found that tho valuo of 3 

obtained by equation 3*56 r ro losers than the wiluos 
obco ted. But they have found It the top rtidth in +a.cu1a* 
tad by thio 	It tied ° +cam with that oaiuz'ed in 
tho t o4ol 
AQ 

The n as data an uoro ucnd in 	tin soar 

alao ucod to make an A4 plot, and tb.oy found that unlike 
tho width plot ., 	oa a in thio oaCQ all the data lu'bo - 

rry C,0 -doll LO fiolde fall on a nin810 1no COfltQZDtflg to 
the 	equation 

A 12 0.9 Q0'89 	 .. -P(3*9O) 
Since the data n ned 4do ronCo (O.Oa  0.71 zm) 69 
coinent zia<o and intozwity Qt pp to 9,?S9 p 4 and that 
a won line ban boon fitted for the entire data it Inuit 
c tc c that croao"oeotlonal aroa of a channel in not oi i." 
ficantly dopondont on oithor tho 	I n oiio or the amount 
cof aot tuont f ouing. 
' ?olatiOn of UUhtto 

They have found the conotant In equationn 
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4'W5 	 V C 

very 	m 0,9 to a.?G • Tho lower valUGO afO bo'ao r$  for 
ivolated uno a T yen three of the testy eight paints ro 
dth&n 	of tihttoc s onatant, 
4øQ  Relation Sn, o 

They have bund the constant In Inlio Equation (am) for 

area Varie6. O.57 to 2J4 for the data of their oporirnont 
and concluded that the IngUD n T r in e s cuce tnovoC 
the Lacey 	ottonabipe. 

A loo og plot of 8 a ,inct Q Ma8o for that data  
did not give any coxrol»attonp thorn boinc vary t4do coatter0 
The conotant of In ,ie''Lacey oquation obtained by their 
data ran od from 0i0013 to a.o042,D Thoroforo it becomo 
ovic omt that ins ov4 on of z'cdimont concortratien in 
iflGIiQ oquation chic not cnabla it to conform to .fi .d 
data. Thoy p ottod V arainat tSI/2  / d1/2. 	rind t .d not 
find =7 corrolation. 

Tit they concludod that QpG relation deco not ro 
proe at t uo r 	o conditiono  thou may be come othor 
factor' ubich inf Luoncoo tho co2'z'olatton e 

boldIcuationØ 

For an analytical Colutton of the problcm they bavo need 

the foUrniing equattono 
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(i Ii2.oir Equation 
V 
	

1.86 6 	R2/3 S''  

(Li) The bed load trancport equation aevntrg 'fit tha Ito 
pondod load- concentration ioii thin the care ng capacity 
of the channel i4th the help of turbulent onernjr contained 
in it* They obtained the bed load trancport equation by 

empirical relation ac beloti 
40 82 	, 30O R'S t 

z 
	 .0.(3.91) 

fl' e Manning coefficient for drain rosictanoo9 and 
l r Wining coefficient for chwnol as a uholot, 

Bed load tranoport rate per unit tidth. 

(iii) A couditton dotonmining or  z'elationthip defining the 
canal geoixe try In the toxin of a vid edop ► ratio. TbaV  

obtained by their a orirnont the following equation 

•t~ t2 18J q 	fill 	.(3.9a) B 

uboreq w diochargo in cuaoca/tt. 

i 6  
Q 

P,zar t xoo bz cio oquationn obt ,ncd by epiricafly  
froi their c to and 1.oltinn and bzuch and come eltjobic 

r ipulat ion, boy do vod tho tolio4n equations for 

cohootonloaa bad and barW 0 
0 19.3 Q0°55 n,O.26 O.O96 fO1OSG 	00.(3.93) 
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For tbo data no = 040106, uvozaja va1uo or o.oa 
then equation (3.93)  boeo for 

W el 3.6 (t04," O.c 6 	 0 0 * g9 ) 

AVO.?0 ,O.21 a.  

Putting tho ponttoncd valuoc for n and a' t v gate  

drat o.nga aad Sing , have nado a atattotica 

correlation• for tho f ield data of the Zndisn Cenalo and. 
their ezparirnont8 caiculcitinO the poocb3o viazimurn t 

r3t+) of Indian tale by M tmPotor+t s equation and have 
obtained toowing relation 

8̀  x 9t 4  3) (1+t40° )O8 	•(3,9) 

boy +c ued that theo Ic a strong relation t 	: 0 and 
T1 and a rer3 one b3ten 8 and (6  



CUAPTER TV  

AP'. RAX8ALOF 	! IX3 8 AND CONCLUSIONS 

14.01 GEflEBAL 

Gonor ally won a Oocttr cnt tearing canal In allu 

Iu a i.,c run ctoadiiy with a dotintt diOchargo and oilt 
chargo0 it tondo to zd3uDt 4dth doptb and alopo to 
equilibrium valu®o irroopoctivo of thoir originLly conat' 
meted values* Thin I a defined to arogin+ n 0 jj Dol ad 

WJ Qnt Indicates that each of the tiro--) depondont variablea,, 
dth, depth and slope is a tune tion of indepon&,nt variabLoo. 

tho diaekarge, oac tLo nt grade and Oadimont loa& 

Undor Dutch cirowotancea the moot bacic probic of 
canal ong►ncorz no well as rccearch ltora to hotr to find 
the olononto oil the channel croao~►ooct2.on and Ito dope to 
007 a 6LV0n dicc&wgo and nedimont load f o of ocour 
and dopocit or in-stability condI ion. 

Stability dcnotoc troodoza from change b t within 
the annual cycle of many aotuont transporting canalo thou 

10 a cyclic variation in the codirnont load. Ong floodl3 
in pare t river port of the oadioont aftitted at the bead 

of the canal nag be dopootted on tho bed and cn inod lator 
to the ccnca by tator Ions heavily loc cod frith cond. 

The inveottgationD of the p oblc -rb.cb uoro zoviou° 

ad in tho provjouo chaptoro can be catogortood as bol©was 
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' 	to oAproact_aaIPovelopod in India 

Thong 150itc conz3tata of Ronnody. Lindlcy,# Lccoy 
and Brea. This ►c b000d on fold moasur rn to off`. ctablo 
canal coctiono and include only the discharge and ocdiniont 
arado as indopondont varicblaa . 
U.  Modifiod Rogime Approachoo 

fih000 r ' consist of invoatigattonc by In .ic 
who Included odiment load aleo Blench uho took into account 
the ditforenco bot ron bad and bank materials, or I° o czamjnac 
ton in light of bed load equation as done by fling CF cn 
S ons and Alborg and Leopold a 7d ?4addock and some others 
have Proposed cor lc t ons on oomcibat similar lines on 
basis of other' river vytems Uhito has made Ant in perhaps 
tho only reasonably OUCQCstU1 dimensional approach to the 
problem. 
III.  Rational or Sc2t Theoretical Approach 

This includes the successful metes for dont do 
scour free channels carrying clear rntar d.avelopod by Lano d  
Hondorcon and Laiigho n D  and the bad load th3o ,ao given by 
t oyor Peter, Einøtotn &nd others and gone semi theoretical 
analysis by Dr. Bharat Singh and !31nC Chico. 

4.2 X h,DUACY OF F G37 a M,,', D 

Defects of Konnody' S Theory% 
I « NNo actual measurements of discharge v  velocity and elope 

troi sado. 

2. Ho did not correlate n (rugoet r coef ctont) to a(CVfl) 
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3°.. 'Ian inportc neo of bad w1dth and depth rlationOhip utt3 
tcnared by IConno6y. Hence by equation Ca. a n rro 
i s a 	is 	a 	~. 	i c 	tail 	+. 	N d 	♦ ts. 	a 	1 	•~ 	sa a 	pr ti 

for the oamo dioohare 3 ich ic impoosiblo.  

4* Ho did not toI o ocount of iit Sao . Bo or L.ndloy4 C 
oquatjono cobtnad uith Ituttor' o o cation 13 vo a unique 
o1ut on o But bic taco of Iuttort a option for dotexnLnw 
ins the velocity was *pan to uaction an the veluo of 

rougbnoos varied t,ttb the di$cbar o0 

'The n+ ' o equations and their modifteatteno have 

boon very popular in Inc' ia9 but have never boon uood ootono 
ewe r o1Cothore tn the world The .group of oquattono wadou 

bt dly providea ao sound. a boot a for. dooin ac currently 
eiieta it they are used under ci?cwin need clrnilcir to thoco 

from which they are obtained. The ia3or dicadvantogon of the 

L o od arO 

1. !t fade to ococtie the important Inflttonco of nadirnent 
ebarao. on ttooign, 

2. The do vatton of yr moue faznulao doponds won a ainglo 
factor and dopondonco to not adQquato. Thera arc dUT" 
oront p acoa of flow on bad and Didoc and hence diZ 
o nt vQlUDo O.' 	.t factor fb' bo4 and cidoo cI ould 

have boon ucod. Lacey approach of r -oratinis the of'f onto 
of aidoc and bed Sn a ctn,{ le factor ic not jUOtif odb. 
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3. It has not been developed basod on the wide variety 
of conditions encountered in practico* 

4. It involves £actors tbr.t require a kno rledgo of oond-

itiono upon which the formulae A based if they are to 

be applied successfully. 

5. t hon data from one Vito woro inserted in oaob of the 

equations dorivjd algebraically from originally Lacey 
ones different valuos of f ioro obtijned. 

The regime equations procentod by Blench modify 
the Lacey equations in such a tmy that the effects of aide 
cnd the bed of the channol can be evaluated oopm:ate r by  ' 

moans of lido factor -and bed f:.ctor. This approach seems 
basically more sound than averzjding the two effects aS the 
Lacey oquationa do since effect of side and bed conditions 
on flow are vaotly different. Lacey and Blench claimed 
that their oquations roprosentad fundamental lava with 

arguments advanced by them in support of this claim..3ut 
the general shortcominj;s of his equations given by some 

ro s'mrch 'boaters are 

9. The otprossion for square of the moan traotivo force 
p '3 

intonsity on hydraulically smooth sides is 	# 
uboro X is measured in the direction of Plow#  but In 

jA blo equation p- v39 H is s oaourod in perpendicular 
to tho flow. Thus shear stress could only be onuood 
by secondary currants, 

V2  2. Equation 	a 3.6 ( 	3 irn may be rotgrltton as IIti5 

V a Abs. Cons.( ! ) 1/8 f 	which is exactly v 
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the same in form of Blaoiuo equation for smooth pipe f 

ozoept that He (Roynoldo Numbor) is formed with 14 Reid 

tho ion 0th paramoterp which seems of doubtful validity. 

And also Bieet n oquation is applied to hydraulically 

smooth boundaries,. Many of tho regime channels will have 

hydraulically rough boundarioc, 

3. His bed factor 'b is the same no Lacoy' a constant 

(i.5 ji ) 	Leer*► [661 has pointed out that 'b 

has been found to vary widely between 0.60 to 1.25 

i.o, l a 100% range¢ for the coma type of channels, 

4.. 	It will to seen that the bed ftctor Fb .1s 	indirectly 
the square root of i"r iudo number and it varies widely 
for different bed confturatIono depending on flow condo 

itiono9 the also distribution of bed load material,, 

sediment intensity and the total -$Ch load. Therefore, 

Fb cannot be a eonctant as suppoo3d by Blench in the 

mat aria. 

5 Coopering the Va/D = Ph a 9.6 	(1+0.012!?) with Peter 

Acltozr Formula 	! 11000860*5 a 0.4 0 it will be coon 

that 8 is missing in Blanch Equation. 

6. It we consider aide factor of Blanch V'3/'tl , the follouD 

ing defects appear. 
i . bo variation in oido factor found by Loliuvc [66 ] 

rangoo from 0.05 in Como cacao to 0.3 In other cacao. 

11.1! ao compare the aido facto (93/w) to Peter ,Actor 

oquation ~~ o IB0•a 1 e2 c 	it can be coon that 
3 
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side factor baO much dependence on sedimont concon40 

tration and considerable dependence on diameter of 
particles and D/W ratio, 

7. Simons and Albortcon (433 showed that the nlopo equation 
of Blanch did not hold good. They ahoaed that the oxpa4 

Want '9 /V to more approzimato to 0.37 inotoad of 0.25 
and that the relationship 10 approximate in the range 

10 	, frond whic1x it fails, They also 
choiod that constant 3.63 vary for different typos 
of bed and bank materials. Peter Ackcrs [?Oj. disc also 
showed that the ouponont of ` WV 1* 0.37 instead. of 
0,2 , and oonctunt of ssopo equation has little dopen- 
dance on Oodimont concentration (14) , some dopondd 

once an dternotor of bed particle (d' 5') and strong dopond' 

nco 

 

on 1)1W ratio (CA3 ̀ 1'5) The change of a nant 

and coat eugorts that Blench analogy of Blacio fore 
of equation d000 not hold good* 

The credit coon to In ,i a alCo duo to including the 

oodirnont concentration in rogtmo oquotions but his equations 
cutter from the folio ring defo'ctcz 

I. Conctanta of proportionality 	 his equations ovaluatod 
by many for torn from fiold and laboratory datn havo 
t 	fotnc2 to Vary uI602y as thotrn bQlotls 
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B.Sjngb and B.Singh and U.P.t,R.I. 
Rolati- Inglis Singbm1. Chatu 	of i (Fioid) 
on Mold) (Laboratory) (Laboratory) 

w4 	0.545 	0.27 -a 1.21 	1.06 46  1.00 	0.a57 
A*'Q 	3.88 	0.57'x•.54 

	3.a5 -* 3*63 	4.05 
SQ 	0.00202 	0,001 3 0.0012 0.00%''O.0072 	0.©0134 

a. Comparing to peter Acker Formulae 
Peter Ackeb 	 Xng .i a Lacoy 

0 .J 

V 3  cc 	N0'2 di 02 4 	 da,5 

V cc 	'02(02( D.9 2 
	 Dp 

It can be soon that V2/D to not so strongly dependent on nodimont 
concentration no shorn by Inglis abd the elope to also mincing 
in Ingito Equation. 9 on. + onoi+ crin 	relation it is coon 
that tic relation dopondo iaore on dir motor of particles and 
D/H ,bich door not confirm IngitooLacoy findings. The VQ&«D 
relation ciflp of Xnalio aLacoy Is utdoly difto ,nt from that 
obtained from by Peter Aclkoz'c a .Finally Dr. B. Singh concluu 
dod £fit inclucton of Xn o fu bar i t ► eaco impxovoc 
Laacyo 0 oquutiono. 

It bocoaoo apparent that Improvement in Laooy' n 
oqu. bean by Inclusion of various paramotorn to ropio8Ont 



the effects of charge *nd grade of sediment were in vain. 
Lac himself tried to rationalise,  his equationsoquaUäne by modifying  odiSring 
them .gym  time to time. U. had first replaced his P and R 
by water aurfaco widthW. and mean depth Dm  and has ifltzbOdUC.d 

W and 9 	or L. to obtain  

his now sot of eg oons,. 
in iev of the very limited investigation those 

dified equations cannot be considered superior to his or gima 
enations. Ci2y Chitale has Wlad this. relations  and baa 
found 	t his D'QfO elation and A #s« t rolatton are superior 
tohe original amt cne and bas found that W 	and 11,011 ws  
eivations are infsior to Ms o .gins equations. On his further 
modification be shoved that V,IRS = cstant but r research work- 
or supports  this ration. Dr. .B. Singh and C nghal ( ' ] in their 

saint could not find any correlation. Xn, general vs can  
say that 047's. .gib t,rk is a greet contribution but his 
subsequent attupte at rationalising Me work have Wiled. 
).3  FRB:XQL4BQ4CU .ASPF B 

The theoretical approaches evolved principles more 
capable of ediquet.3y pr dio'ig aba al bobaviouir than  
any heretofore. There is na universal acceptable theory to 
con eider all the variables Involved in detenitning the flow 
cheract.riattoa cnp2etóly. The complexity  complxity ariSes trc 
the rnaibor of independent variables which determine the 
geometry of the mail of given discharge. Therefore as yet 
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thoco theories apo incomplete and should bO v bjoctod to 
f rthox study and invoctigation in order to broadon their 

oc opo and possibly  pocaibly to roduco thorn into ono gcnorai 	pro<* 

bencive and complete theory. 

Xcdoguacy of the Tractive Force t othod 

Tho tz'activotorco concept to basically sound in Co 
for as it has boon developed. That Inc for the doaign of 
channels for the conveyance of Oarontlally clear tinter In 
coarco noncobeoivo mate 	o. lio vor its application is 
quantitative tor  

I * Design of channels in five non-cohocivo sails(aand 
rando and finoz' 

2. Design of channels in cohesive znatQrialv and 

3. Design of channel that are rouIrec1 to tranoport 
appreciable (in o ccoas at 500 ppran oodixnont load. 

In conaidoration of aodinont load theories this 
point should be ttopt in mind that if the coo ai gn of a channel 
i,o opocifiod 9 It to poaatblo by roan® of those thoortao 
to calculate the aodiaont load -it i ould carry. Uo ovort 
to carry a specified oo&tznont load o many alternative decigno 

5€ 
can be made in accordance with .honthoorioaa On the other 

nandq obcorvationo of natural otroarnc indicate a tendency 

fioi: o a unique cot of ebanmo~ at uraoto'.atico rite a ai von 

combination of indopondonty variabloso 
For the coaprr. core of available literature all 

rolationchipo are profitably tabulated as bolo 
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TABLE 4.'R 
AQ RBLM I0!18 

1. Lacoy 1,26  
(AMI6 

q0833 Indian cnala 

a. 1ithosC 0.98 Q0*833  U6Cfl c, 	lc 	' 	,62) 

3, smano and I ,Q76 0,873 Q Sand lod and cobooivo 
Albart an bank. 

r 4l O*873 c0C1'L.00 ~1ontoeohot ,'" o 
icto 	. 	t 

40 Pettis 	102 O.8O Mia.Tnt river 	bad and 
bank c10 	tdth vin 	e 

'* Leopold and QO.90 Amoriar 	.verav oq~ Maddock 'roquancy diacharimo 

6,. Marc hi.. 0.90 0,833 1 gland and Walee ri, 'ern 
Nixon, equal txoquency di1eharCo  

(bank full diceb ar 	) 

Peter Ackern 	1.00 Q0O8 Ezporizzrnntal cslaan 11 
ahannolc (d0,16 aim) 

0.06 	,9l4 	00-14 0086  

8. B,Stngb and 
Bjn 

0,694 	 q089 EFOz an (d c►0,30mma) 

80(ni o o?)n-) .2 fi--0.O660.90 1iiiptrical. 

C4 

 

12, LanGboin 	 p0+90 *hoorotical, 



TABLE 4•, 

Pm Q R  Rhi44tTTONS 

1.  Lacoy a.6 	0 ̀  0 Indian Canalo 

2.  1ctho rp 2.72 QO 	O Sudan Canals 
3.  Simmonc and 2.51 QO, 512 Cannl.a 4th sand bed and. 

A3.bortaOfl cobooivo bunko (Regime eanalo) 

. Pottic 2.45 Q0 ̀ 50 14ia►i Rivoro 0 rock and Banks 
Clay 4th thingles 

5.  Leopold and t 0.50 American n v :rc equal frequency 
11ELddOCk dicchaz'go. 

6.  Ninon 1.65 Q ~ ~ England and Wales niv©rcv 
cual frequency. 

7, Ronddrson I1603d 	P 	► Theoretical for cUtfreo 
emnols. 

8. Incboin Q0053 T eoroti al findin(SO 

9..Potor Ackers 3.,2 	0,42 Class I and II channels 
, 0 .03 4'60.47 0 V Q0.43 Sand bank a d back , empirical 

10. B.Gingh and 	5.95 Q0.59 	B. Binh and 8inghalp and 
8jnhal 	 Wolman Buuch Data. 

19.3(t~I0.2,x0.O96 .O8 O.J5 Theoretical.. 
I". 
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D R4*Q R9LAT10 
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O#473(1/f)1r 0.333  Indian Canals 

O-43 	QO'361  $and bed and cohesive banin 

I. Lacey cm 

2. ttc tho C 

3. Simons and 
Alborton 

4. Pattie (R) 

Mar shall 
?axon. (fl) 

0.511 	Q  0.30 	!Kiwi River 

0.!N5 
	q0 s 333 	England and Talon Rivora 

oQual frequency cif acbargo 
(Banitf u . ccbarge) 

. Leopold and 
14addock(D) 

7. Pot r Ackora(D) 0,28 

(D) 	0,43 Q0f47 ,43 O» +3 

8. B.singh and 
g {hai(D) 	0.16  

CD) '4(n4{3.70 no.24 N  .O6 Qo.45 

qty,b4O 

,Qo * 43 

American rivora 

Rzporirental (d50ao.1 dim) 

01a09 U c annolL 
Empirical 

Expoririontcil(c So °' 30=) 

1Ipirjcc*l, 

9. Langboin (Y) 	O, 	 ,0.37 
(R) 

Tbaoratical. 
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TABLE 4.1 
8 sQ.f RLAION8 

1. Lacey 	0.0O05+7 	3 Q'1'6 Indian canals 

2. Methewe 	O.a0O: 	Q' ' 	Sudan canals 

3. Peter Ackere 
0*16 0,56 4 O36 	Q60. 
1 	2 	3 

No correlation 
1+. 

 
Leopold and  
Maddock 

ixperLnental (empirical) 
zzp.rimen tal 

American rivers, equal 
frequency discharge. 

5. B..Singh and 	No correlation 	Experimental 
6inghal  

-t 	pirical (Experimental) 
.1O! 

6. Henderson 	0.4h di 115 Q •o •' 6 'Theoretical ailt*free 
channel m 

For plane bed and dune 
bed re apectively(Tbeor." 
tical) . 

7. Lan;~bein 	«( 	Q" 0.?3 	Theoret .ca. . 



1. Lacoy 

a. Sjtrnono and 
.Al rtson 

3. Hondormon 

TABLE 

PLOw MUATION8 

16 	3  81/3  

o J?a s0.28 b 
1.9 It 

16.0 R213  s'3  

13.86 B213  s1/3  

«t B1'2  h/3 

11+5 

Indian canals 

Coarse non-cohecivo 

Sand bed and Cohoai to 
banks. 
Sand bed and bank  

Theoretical eilt*f boo 
channel. 

40  Peter Ackors 
-0002 ,49 *oa p.6i 60.33 	pirical (Experimental.) 

4•4  CONCLUSIONS 

1. For the design of canals carrying sediment laddon 
trator o  the Kennedy formula is now practically absolOto. 

2. i .ndloy' a idea ?f ttmiquonoso► of regime: channel geometry 
for discharge, charge and grade of silt has been supported 
by fiold aoaeuroziontc and laboratory chocks. 

3. Inclusion of v.riouo parameters in original. regino equation 
to roproount the offoct of chargo and grade of oodimont 
by Blench and Inglis and Lacey has been a failure as 
per diocuocion in Section 4.2, 

4e By co., :poring tho indicoo of the diochorgo in the regime 
rolationo in the AAQ 0  Pc 0  Ti'Q equation (Tables 4,1 v4.20  

and 4.3) givon by difforont authors it io found that varia-
Lion to very xnall. Thom changes may be duo to varying 



relative roughness in ct annul system which are 

inveotigated. 
The perimeter relationship of Lacoy represents an effort 
on the part of the channel to attain most efficient bad 
load transporting section, hovoTorg  the transporting 
capacity of Lacey channel is not the optimum it i$ still 
close to optinu except for coarser material, the 00c4 

tion is likely to be narrow. Ac concluded Oro s 
Dr. B. fcingh Eq. (3j5?, 3J8). 

6. The water surface Mictth#  " 00  has a strong correlation 
with Q, but does not depend significantly on cadimont 
concentration or sediment size as concluded from oxpo , 
wont and equation of (3Q3 3) of B. 6 in,h and Singhal. 
The oonctanto. depend on bank orodibility. In channels 
4th truly non''coboeivo bad and banks o  with little 

cuspcndod ood iaont to provide longctorri cohesion to 

the bans, the width to oiniticantly larger than in. 
channels with cohesive banes. "rho same width relation° 
ship cannot bo applied to the to types of channels 
1a` J For cobsotonloao hod and banks, the equation (3.93) 

bake accurate. 

7 p 	hero to strong corrolation botwoon eras and diarhargo. 

The aroc°diochargo rolationchipo are practically indoffi 

pondont of sediment chargo rind grads no per conclusion 
in Suction 3.aO. The relation may be effoctod by 
channel roughness aO chotm by oquotiono 3.9i and 3.?9. 



The constant value varies dthtn chort limit for canala 

(0,9O 1.06) , It will probably be independent of flat, 
nharactoriatieap sediment charge and ra6o, and 4fl 
depend: on the praportioc of bed and bank material 
as propocod by Simons and Albortoono. Ac charge 
ineroaaea , th© constant bbco z tendency to docroaco 
raaultina in doCroQIO in area. An grado incroaco© 
area incroacoo for the cams discharge and chargG O  
this reaulto In decreasing conotant0  as aho rn by 
Si ions and Albortoono. 

$. At procent,, there to no oatictaoto r slope relation 
or flog equation for alluvial ebannelC Table 4. 
Correlation between elope and nodimont charge is 
strong and botuoen slope and discharge is very tioak. 
no per Equations 3.81 a 3,95 and 2.45. If oodimont 
grade incrouooa diochargo and charge remain .ng cons- 

tant incroaood slope to required to transport the 
codimont. If the cbz rgo incroaaoc codirnont grado and 
dioohargo remaining conotnnt,, elope incroa000 cone F 

dorzlbly. 

9, Lacoys a gonoral tormaa for flow is not foundod volt, 
b catxoo tho variation of Ila t th bed formation to 

gnorod by Lacoy as nontionod in cootion 2.5.6. 
But bie general flow equation has tbund much supports 
The constant dopondo on bad formation or typo of 
aatorialn, Tablo 4,4. '. 

10. Laooy+ o oquationo area val iQ for United range of 



146 

condition on which they have been derived. 

LGliaysky [66] moved that a Slight difference in 

indices and constant 	l result in entire elements 
of the channel cross section. Hence any attempt in 

extrapolation for wider range and conditions gave 

little success, 

11. It 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 etiU remains to be understood. Until the 

time when satisfactory solution are available, the 
use of some empiricismis unavoidable. 

12• The 'basic requirements for a sediment transporting 
channel are : 

1. Must be able to convey the required amount of 

water.  

i3. Must be able to transport the sediment load 
imposed. 

iii. Must not scour or silt either banks or the bed. 

Thwrefore three relationships required for the above 

purpose 

A • Flow equation. 
B • A sediment transport equation 

C • Bank erosion criterion. 
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if.5  RECOMMENDATIONS 

The reasonable basis for a satisfactory de sign of 
stable channel with present stage of knowledge of pertinent 
literate considered by the author is as below:  

or design of channels to convey essentially 
clear water In coarse non*cohesive materials the tractiva' 
force method is the most suitable, 

4.5#2 	For the sediment laden channels the following prom 
ceduro is probably the most suitable method. 

As already mentioned,, to satisfy & general require' 
manta of a sediment transporting channel there must be three 
independent equation beside the continuity equation. These 
equations are $ flow oquation, bed load transport equation 
and bank competence criteria. 

A procedure of design in this dissertation is 
recom .;ended by use of these formulas: 

I s  now Equation (Manningst ) 

Because upto this time there is no satisfactory 
rssistnee or flow equation for sediment transporting 
chznnol Manning# a formula will ssr,e the purpose suitably. 
The rugosity coefficient (n) must be carefully' chosen* 

XW" s112  (in metric units) . 
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XI. 8odimont Tranoport Equation 

A bard load traoaport equation aoouina that the 
ouip+~ndod concentration is within the carrying. capacity of 

the channel with the help of turbulent onorMr contained in 

it to cbocon ao belove 

Iioyo a Potor equation reduced to metric Tito is ou ootod 

to calculate the codicont transport capability of chennols 
n' 3/2 	3/2 

a 7OA 
1
7b (n ) 	c 

,hero 
a eto of bad load tranoport In kWm/bour. 

n' 	r Grain rociotanco calculated from Strickler - for ulo 

fl= Q 
~/i 

d c diameter of nodiaont particle in motroa. 
n a Manning coofficiant of roughnoso for the abannol an a 

Vb c Total tractivo forco intoncity on tbo bodD and. 

Ivor = Critical troctivo fbrco otroac of the matoria3. in 

uty►n% equal to O.o7cl (d in mm) . 

IIIc Dans Competence Critorio 

For tho bank orooion a rnita'blo chock trill bo uoo 

of critical tractivo otrosa at tho bank dhlcb is ,3tvon by 

Lane with combination of Lacoy' c P Q relation with different 
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constant. The stable cross section of a canal can be 

designed to conform the two above conditions_ and the at-
roes at the batik must not exceed the limiting tractive 
force, 

4.5,3 	Par design of canals witty sediment concentration 
less than 500 ppm 0  the Simons and .Albertson' a method 
is suitable,  
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