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AU'fHORS 

FOREh'O;;D AND IN1'RODUCTION' 

F:XPLANATION 

'PABLE 1 S·IDE SLOPE • = 1:1 

TABLE 2 S·lDE 'SLOPE = 1: J .5 

TABI..JE 3 SJDE SLOPE = 1,2 

TABLE 4 SLDl:! SLOPE = 1:2.5 
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FOReWOPD, 

" 

The Ce,nter For Rural Development; which is a' Division 
of the Berger Group of companies" assists clients in planning and 
im.?lemencl.nq progralPs and .::";roje:::ts Clime.a to eX.Pi.l.nd economic oppor'" 
ttU1.lties and improve the well-being of .rurol pO.tJulatiotl.s i~ many 
parts of the Yiorld. 

Currently, in 1980, the Cente;r supports eight 'major 
rural development projects which are ,funded by the \>Iorl-d Bank, 
the U.s .. Agency Fot' Internation.1.1 Development, The A.i.san Devel
opment Dank, and ot~er international agencies in Asia, Africa, 
the Biddle Eas,t, an~' Latin America. . 

As a part of its services to clients and the 'professional 
cummunity of those .engaged in rural dev.clopment work, the Center 
release..:- technical noLes on vat"ious aspects 0,£ individual projects. 

For those interf>sted, addj tiorial copies rna] b'e obtained 
from the Center FOr' Rural Development', ~';o Louis Be.:.-ger International, 
Inc., 100 Halsted street, East Ora!)",; New ~ersey 07019, U.S.A. 

3 
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f NTHO[lUCT tON - ---------, 
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The Lam Nam Oon Integrated Rural Development Proj~ct is located, 
in amphc.es* Phang Khone, PannanJ.korn l and MU'.ang: Cpang'lvat sokon Nakhon, 
ThailJ.nd. It:. comprises a (lam, rese'CVoir, 'and main-:secondary canal system 
that: will prov~de irrigation water to appro~ima't€!ly 220,000- rai of small 
farm holdlngs. -About 10,000 farmers' reside' in' the area. ' , " 

Begun thirteen' years ago, th\". in'frast~ucture parts of the project 
are now almost completed. In order 'to .develop effi'cient on-farm water 
d-el1.very systmlts and water/farm management' practices in ,the area, The 
Royal Thai Government h~s programmed \US~43';800, 000 'for special, work in the 
area during a fiVe-year interval. " 

Of this amount, U5$4,500, 000', coinpiises funds b.:>':rOl""d - from the 
Uid.ted States. of l'unerica in or~'ler to, finanqe -techni.cal assistance, 
.~quipmeTlt, and 'local d~velopment cos,ts., I 

Starting Oc-co1!er 12', 1979 the .Ante-ric;;an.' consulting', firm, Louj s 
'B~rger Inter~a't.i..onC:l: ,llie. waS employed 'u11ac'!~~ contract to prov~cte technical 
advisor,y services for the pi:oject. The,se advisory, services a're for the 
'cooperating ag'2ncies coroor1s.ii"l.g: ,'rhe Mirtis'try' of P-.gricult'Ure And Cooperative's; 
Royal Irrigatlon DepartlllGnt (R.I.D.), CommuniLY' DeveloJ?ment Depa~tlnent '(C.-D),
O,?partrnent Ag ... 'icultme· (D.A.) and Department of J\gricu1tur.al Extensio,n (D.O.A',l.':). 

, . , 

The cor, :ractor is tasked with resp"nsi.bility for designing and ' 
,testing on-fan(1 ~'later delivery sy:~tenls. in the LaIn Nam 001) (I.NO) ar~a. In' 
'relation to this, when contracto:c enqineerd.ng spcclalists arrived at ·Lam 
Nar.' Oon in November 1979, the ,Roy~l irri.gation,Department (R.r,D) had 
a] T.eady installed a LaJ?d Consolidatibn-r2lated on-farm water deliver:y 
system in pilot areas 1 and 3. Nothing hao been done about, designing ond 
test~ng a sysl-Orn rel,ated to Ditch-Dyke modes of distributing "a.ter to farm 
units. 

This situation caused the I,ouis Berger consultants to push for 
selection of a pilot arczo. 2 location, as .r~.i?idly as possible. A select ~n 
of area was rr "de in Apr~l, 1980 i and Mr ~ El:"roll Coles, as Wa.ter Manage111ent, 
Op8rations 'al::l Mi\intenal1ce Engineer was ask:ed to develop the technical 
~llidc2.ines fo, the des~gn of three syteIilS for pilot area 2~ Tec.hnical No~'" 
No.1" (to "/h~ch this hand !oook is a"stlpp1~~ent) is the result. Mr. Will~arn 
C. Bell has dev~Jope,1 the tables w'ithi~'thj:s Hand Book! with the assi~>tanc;e' 
of Mr. Stern, "/ho dLe! the prograrmr:ing, using a, Hewiatt-P"~kard' computer-. ' , , 

" 

'.' 

* Adminlstrati ve Sub-DistrJ.cts of a ,Cl;ldngw·clt (Provl.nce) 

* Iqi ~ 0,16 H~ctar" (0.40 Acre) 

- 4 -
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PART II EXPLANATION 

CllA."INEL DES IGN L 

"StablE' Channe 15 
': 

In order that sn';).ll unlined. ~ert~ary and quarternary can{).ls 
remain stable, a. :1 require a. mininnlm of maintenance the design 
should be based of the principie bf limitting vel~cities jn 
relat~on ·to the soils in" whicfJ. tl).~ canals are excavated. This. 
can be achieved by' the use of two, 'principles (1) Critical 
Tractive Force and (2) Froude N~~er. 

" 

Critical Tractive Force 

A stable channel is one that may ;'ogritde or degrade "at a very 
slow rate and this degredatl.on:o'J; ;couring l11t\y take place up 
to a cert;ain chaar force. Abo've t.hi,s shear force ~.c~ critica.l 
t'dctive fo:r.ce , the cn;<tnnel'degrap,es raI,>id ly. The p"ermissible 
tractive force is determinec;t b'y. ,the gr{lin'size diarne'ter of. the 
bed nldterial. In channels ~~th'.unl£o:tin flow th~:tractive 'force. 
equ<)ls th~ components of g'r'i3-vity ~orces ~cting on the,wa;:er 
prisHl in th~? dir~ction of f10\tl, exJ?~essed b'y the equation 

T = r S p 

, ,2 
T = tractive ~orce kg/m' 
r = hydraulic' radius rn' 
S slop~' of channel 1~\/m 

p = unit 'w~ight of w.:,::er kg/m' 

To arrive at a value for critical ,'trac,tive force \lse of the 
Lane Diagr2.ffi is made Figure t. Th:is relates the platitj city l.ndex 
(PI) of a soil to maximum critical tract'ive force (CTF). F~gtlre 
2,3. The PI can be measured in a' lab. Aiso a good rela tiot . .::.hip 
bet\\'een total inon exchange' capacity and PI has been established 
and this may be used to oot(lin it. v~lue lor PI. 

The C"t'F value taken from th'e Lane' Diagram bas to .be corrected to 
take into accotlnt the distribut,ion:of the tractive forces along 
the sides '::'lld 'botto!l\ of the \chann'cl. The 'incl1.,ded table gives 
the cOl::re'ction" factors for different bid r.atios and ~ldeslope. 
rt'he lal:ger of the values (for bott'om) is used si"nce this gives 
" depth that corresponds to tne: le'ast ,velocity at' which erosion 
'~ll b<'gin. 
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FIGl:JRE 2 

C9hesiveness of Soils 

Class Clay 
Fraction 

«2!iL....... 
Cohe3ionless 0-2 

(loaI:lY sand) 

Slightly cohesive 

(Sandy .loam) 

Mcdi \lin cohesive 

(loam to lo,:my clay) 

Cohesive' 

(Clay loam to me?i uill ,cj ay) 

Very cohesive 

(ClClys to heavy clay) 

" 

2-10 

10-2,0 

20- 39 

30--lO'o 

- 7 -
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1-10 

10-20 

20-30 
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FIGURE 3 

C.T;P .. Correction Fa6tors' 

r I bid' 'Ch:nne1 Sid", S10,)es Z 

1---::.c.·::-if--·· Cha~ne"l"~5-~han '1e 1 b-;;--

I! i! 
l' /. ;:':~T~~--I--'''~-r-l~- !'-;---

'-:J·-.70"i~~;~-.·~~-:-:-80-r-:·;0---
1.25,.721.721.751.84.84.84 

1.50l' .7,31::,.7j. .75 I .86 .8G .86 

1.751. .73 .'l3· .75 .88 .fl8 .88 
I, 

2.0 , 

3.0 

4.0 

5.0 

>-9 

;. I 

• 7 il .. 7.4 

.75 .75 

.76 ,.7,5 

.76 '.76 

-

.7f5 .90 

.77 .95 

.78 • 9 ~i 

.90 

.95 

.96 

.90 

.96 

, • 78 . 97 S .975' . 975 

,- 1.00,.1.0011.00 I 
--'-__ 1._ ,--.-J ____ ! _~---------.J 
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Froude 1I umber 

The -Froude' Humber ,is a 'dimensionless number the defines the , 
nature of' free floH conditions. In the case.of unlined char.nels 
it 'is desirable to ,m3.iIlt~in the flow regime as close as poss~ ble 
to 'tranquil. flow. 'This is expressed by the equation 

where 

Fr '= __ -,V 

JiD Cos ~ 

Fi = Froude Number 
V =, velocity m/sec 
g =,9:80665 m/sec2. 

A' ' 
D ,: T (for trapozcidal Chal'lnels) m 

s ~ slope of channel m/m 
c',~' e'rwrgy c'oeffieient 

The ',value of Cos ~i,'- may be neglected for small values of slope 
all:1 f1011. Error intx'o(),uce,d by this om.i.f'sion is very small. By, 
maintaining veioc.iities at Froude Numbers between O.i,and 0.3 
for "noncoh':'si ve soi~s' ,assures tJ:anq uil floH. 

ChanneJ~ Dlnlensions , ' 

'rhe dimensions are' ,usually obtained by using the l'ian.ling 
equ'8,tion ' , 

" ' 
'1 ',' i 

V = - t," S2 ,N ' 

V =:yelocity m/sec 
N = .value ba~ed on expected condition 0:1.' chanr!(:;l 
r = hydraulic rcdius m 
S = :'~lope of' channel m/m 

Tl'e value for N carl be taken ,as 0.025 to 0,029 for small 
straight aligned channels,. 

The idea.1, ratio, or' bottom Hiolth (b) to depth (d) is exp'cess::d 
by 

'b=,2df.ah~, , 2 

This re~ationr)llp -is not 'alwayG con venier t for constr:.Jcij on 
pUJ".I'oses and othcr":.;at:ios of bid are used. An acceptable ranGE' 
for'small chan!lcls 'i'8' ,from 1.0 to 1.25. 

Cha"nel side slopes, va"Y ,Hi th the kj nd' OJ l'Jaterial in which th" 
channel is ,excavat!'ltl., The:' usual ranges of values are from 1:'1 ~,-

2.5: 1 for unlined' channe.ls. , , 

- 9 -
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Desl.=<;n 
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" . , 

l~ ~esigning small channels usu~11y, only'two values are normally 
given, the required capacity (Q) and', the ,bjd ratio. The.other 
VaJ.ues must 1:,~ calculated' uSjJ!1g a parLicul~" rouglmess cocffic'1.ent 

. (H), Froud~ Number, crHic",], tracii~~ force ,and side slope for . 
local ccndi tions', 

In applying this, method' of desigll,tl'!e .. depth of nOli 'Id) is 
determined from the critical: tractive force and the Frqul1c 
Number. Por t!1e conditions 'gi.yen, tpis f:txes a maximum and 
minimum depth of floH. From these, ll)alCimum and minimum values of 
veloci:ty, slope and bottom widtti, ~e obtained. Ther'efore any 
value between these Hill meet the ciiter~~ for designing a 
stable channel. 

T.he 
use 

foUoHing pages ShOH the derivation of 
in this method of channel design" . 

, , 

, , 
'0 , ,. . 

>', 

,0 

" 

" 

, " 

," 
10 
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Design of Quartcn~~ Ca~als 

Based on Cri tical ~ rr Gti V,e Fere" . . . 

r;'r.8 ger,f-::' <-_I Er; ';cltions :for 1.'rapazoidaJ:, Chann,el 

The Manning equation: (me"crtc; 

V =.1- r?S Sh. 
. N .. 

1 ~ Y, 
&Q=Af;-r'S~ 

b ? 
(2: + --' d c I 

. (1) A = N' i· 

Top width (T) = ( ~ + 2Z ) d 

( r, \ 
'-:1 T=(X+2Z)d 

Ve10ci ty (V) = _'L .. 
A 

WeHeoc peri; "t 81 (I') tb 2 
= -;- - 2(Z u. • 

~ 
... ~/ . . f' 
. .' 1 , ,'_t z 

'E..- 'X 
d - . 

x '+' Z = N' 

r--i:> 'i 

, .' 

~(for'~ '~n l/sec diviU' ty 10(0) 

~ 
'.' 

+1\?d·'. 
~ I, • 

p = eX + L) d 

Hydraulic "eeLs (1') 

(;.) 

- 11 -
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Slope 
- l2 I Q 

(S)=jAlr q :; 

L N- J 

( 6) 

bottom widtL (b) = d ]( 

Eq-uation for Proude Nu~ber (Fr) 

(.E. ) 

(' 

Q . • 

;:' i 3.13156 ,), (i~' 

( 10) 

l 

(fo}. Q in 1/~ec dhici€ oy ~OOO) 

f actor oct: d 

'" - 2 -
g ='.9.80665 m/sec ' 

. 2 
~ = ,:P3156 m/ sec' 

x +. Z 
X +- 2Z =, M 

and 

'. 

, , 

. ' . 

. -,12.-
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Equation for Tructive Force 

(11) 

- , let C = CF 

(12) 

(13) 

ar,d 

Th:i:s t,i Ves rni nimum depth. 

('1) 
" .., 

1000 k~m~' 

" 

factor ,out d 

(for Q',in l/sec diviCf, 
oy lCGO) 

* CF is d : E'f..L.~.J,j un fo,( .I. cr lC3" <TI t.hat dl.·!endri cI} 'the bid ratio 'and 
side sloPe. 

- 13 -
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Wi th the maxj mum and minimum va1.ues of lid II determined from the Proude 
number and Critical 'l'ractive I:'orc'e, the .corresponding values of b,A I V 

and S are calcnla ted. 

The f0110\"j ng equ~ tions are used ,for these calculations: 

(1) b X d 

(2) v = IL,, __ 
1000 N' d<t.. 

(3) 

(4) :::;: N' de. 

14'-
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Thi s' set of tablN: :for d('"ign of small unlined channels is based on 
the ,following: 

Value of the Froude Number is 0,,1 this 'assl.res trc.r.quil tlow~ 

A Critical Tractive Force of 0.2, determinf!C for H,c, soile "t 
Lam Nc III Oon. 

A bid ratio of 1.25. 

- Reduction value, for CTF of 0,.84,. 

Roughness coefficient (N) of 0.025'. . " 

The .f.,arlen eYe f.l.reanged as :fol!_ows: 

: 

Table 1 8:8 = 1,:1 

Table 2, 8:S '= 1.1.5 

Tacle 3 5:S ='1,2.0 

- Table 4 SiS = 1:,2.5 

Values of Q are from 20 I/soo to' j0C l/sec in inc,C!'ment,s of 10,. 
" ' 

F'irst row of cE.lculati6ns giv,e minimpm values of b J rl,aIl0 A, 
maximll!ll values, of S and, V. ' 

Last l'C'; of calculations,giv:e maX1:::111n yalues of b,d, aDd P" 
mini n'Lm values of S and V.-

- l'>t, ,en t.hese b is increment~d 'by' 0 .. 01. for interl""diat" '.-alues 
,of d, V, S, and,!\. 

, " 

" , ' 

15 
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LAM NAM q.u/'-l 
:t: NT E C I~ AT 1::: D I~ U :~ A I... D ':i: ",.' 1:::.1.:_ 0 P MEN T P IX D :r E C -r 

,-~_DU]:n x-:<cr::GEF:- _]:N·TCI~·NAT·:t:ONAL._ INC ______ _ 

TM'LE 1 

DESI~N OF QUARtENARY ~ANALS 
Based on Crltlcnl Trac~~va Forc~ 

SIDE SLOPE = 1 : 1 
.. ....;----'--' ------' .--- .. ...:...-- --------- -=- -----

P,rtOM Wldth/Dp~tn (b'(d)=1.2S0 
(Ff') ~O,100 
(T) =0.200 
(eq =0. E:IlO 

r(~ 0 ud~ NU'f>lbe:' 
rract-lve rorr.'t~ 

Corr~Cflon FQctor 
~ouqhfle~b CoefF~ci?nt J.:N)' .. ;::Jl ..... O~:!s._· _____ · ___ _ 

Q. (J./r;ec) A (n" 2) 

-----------.-------~--------------------------------------------~-
C'.! . 0 
3D.a 
30.0 
3U.O 

30.0 
30:0 
30.0 
30.0 
30.0 

30.0 
30.0 
30.0_ 
30.0 
30,0 

3:;,0 
:,0 . 0 
30.0 
30.0 

0.2229 
0.2300 
('.2400 
0.25DO 

0.1783 .O.~194 O.b02420 '.072 
___ 0 . .1840 ____ 0 .• .39.38. ___ . .ll. fJ020·4L ___ Jl._Q76 ____ _ 

G.:. t920 
0.2000 

0,'361. 7 
t; : 3~~'?'3 

O.OOi63i 0.0~3 
0.001312 0.090 

0.2600 0.2080 0.3G02 0.001065 d.D?7 
0,2700 0.2160 0'.,28:;8 0.000870 0.105 
O. ~28f.)O, ___ . .o_;~;~4Q, __ ~_ '._ 0 ..,~Sz. ___ n. Ouoziz __ · JL)),.3 __ , __ 
0.2900 0.2J20 0:2477 0.OO~595 0,121 
0,3000 0.2400 0.23f5· __ 0.000496 0.130 

0.3tOO 
0.3;~UO 

_ O. 330 U _ 
0.3'1JO 
0.3500 

".3600 
il.3'/Ou 
0.3000 
0,3806 

0.24fJO 
0.2560 , 

__ .. _n~26/:n. __ _'__. 
0.2720 
o .2800 

o . ;':8110 . 
0.2960 

0.2168 __ . 0.0004'5.7 O. '.38 
0.,2035 0.00035'" O.1~7 
n •. 19L?L __ ...1l • .D 0 0 Z'99 __ . ____ 0_,.i S·L ____ . ____ _ 
0,,1802 
0.1701 

0,~608. 
0 .. i:',2? . 

0.000255 
Q,000218 

O. j 66 
o . < :' u 

0,000183 ··~0.187 
0.000162 0.197 

:... _ D. 3040 _____ . n, 1.:1 ~3... ___ .0,00 Oi4L ____ 0,200 . _______ _ 
0.30 <)5 '0 :,1·.:;8 . 0.0.0.0 i39' . O. 2US' 

__ -. ______ '_M .• ___ ~_. __ • _____________ ....l. ____ --!'~_ .. ______________ ._ ------- -- ---:-

~- .. --.--- . - -.--------- -- ---.--- --.-------- -----------.--

t • •• - -_. -----------------. - ----.---- - ... ---_ .... --
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TADLE 1 

. ," 

DESIGN OF QUARTENf'lRY ',CANALS 
Based ~n Cr~tl(:al TrQi~ruc Force 

SIDE SLOPE ~ i • 1 
.. ~------ -----_.- ---.--=-.---- ------ ----- - -

~.ttOM Wldth/DApth 
. F[~ 0 ude NU,.lbe.r

Tr-o.ctlve Force 

(bJd)=1.2S0 
(Fr) ~O.iOO 
(T) - =0.200 
(Cn "'0.840 , torccctlon Factor 

Rouqhr}8P~ CoefflciQot I.N) 
. 

- -lL. 0 ','- I ._.... '-!).-r---,------

Q' (l/sec) V, (Ml.sec) . ' -------------------------------------r---------------------------
:,1J . 0 
30.0 
30.0 
3U.0 

30.0 
30.0 
30.0 
30.0' 
30.0 

30.0 
30.0 
30.0_ 
30.0 
30.0 

~O.O 

30.0 
30.0 
30.() 

0.2229 
/) .2300 
{'.2400 
0.2500 

0.1783 0~~i94 0.002420 0.072 
__ 0.1840 ____ IJ'...39.3B'--__ --D. fJ02'Q47 _____ O",_O'(u _____ _ 

o , ~ 920 
0.2000 , -

-0:.3617 0.001631_ 0.OU3 
D~3333 0.001312 0.090 

0.2600 0.2080 O~3~02 0.001065 0.n97 
0,2700 0.2160 0.28S8 0,000870 0,10~ 

" n. ;280 0 _' ____ .0. ;~;~40-_~ __ .: 02pSL ___ n. 0 G07.i7 __ ..IJ...J !-.3_-____ - _ 
0,2900 0,2::>'::>0, _0';,2477 O,0005<;'S, 0,i2f 
0,3000 0.2400 ,0'"2315,,,_0,00-0496 O;{30_ 

o ,3UG 
0,3;:'00 

_ 0.3300_ 
O,3'lJO 
0.3S00 

r,3600 
;:J.3~JOO 

0.3000 
Q,3806 

0.2480 0:21&8 D.00041~ 0.138-
0,2560 -0:2'035 0.00035,~' O,l.,'l7 

_____ 0.26-': 0._,- __ 0.-19 .\.;:l, __ - __ ~ .. 0 0- O?99 __ ~ _____ U_;.t 5Z _________ ~ __ ___ 
0,27-20 O.'.i802 0,000255, _0,1-66-
0.2800 '0:1701, ° ',lJ00218 O,'-ie>" 

0.20ll0 
0,2960 

__ D.3040 
0,301)S 

.. 
0.'1608 ,_ 0,Q00183 0.i87 
~.·1~~22· 0.000162 0.197 

_____ ' 1l.:U "l~i. ____ 0.0001-'1 L _____ 0 ,208 , _______ __ 
0:~~J8 0,000139 0,2U9 

----------- -----~---------------~---7~~---~----------------------

, 
---- ---.--~--" ------------------------

.. --- - -. ---- --------_..!.-_-------' ---_._-- .. 
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DESIGN Of' Q;JARTENAR.Y· CAN,~LS . 
Based cin Critical T~Qctiue Force 

TABLE i SIDE SLOPE = l. i 

BottOM .Width/Depth 
Fr 0 ude Nu"ber 
T7'~lCt.lVt! Fot~ct1 

Co~tec11on Facto~ 

(b/d) =1. 2'>0 
(Fr') =O.iOO 
CTl "'0.;::00 
(en ~O.84" 

,t? 0 U q h ne s t;" Cc e f f' .H': l.-(!!.~ 1;. -DJ l--r:.: 1l.....'O' . ..;::>"'5'-----': __ --; _______ -,-_____ • _____ _ 

-.. -

So.o 
51}. 0 
50,0 
SO.O 

SO.O 
SO.O 
SO.O 
SO,O 
50.0 

S· 0 . 0 
~ : .. 0 

-

St,.o ____ . 
sr.o 
:.. D , (} 

~). ~ , 0 
~·U . 0 
S D • {~ 
SO.O 
50.0 

. 

u (n) ·.V (~l/sec) 

O.2e;:2 G.225'7 ·.0,43.62 0.001912 0.115 
.O.29()U '--__ lLiLL"',CL2 ___ .Jl.Jifi.i 65-" ___ .I1...i2 t· ____ _ ~ __ fL2::"2.0 
U.30CJ fJ.24GO '0.3858 0.0'0137'1 O. i3u' 
O.:HOG O.240{l (; ... 3613 O.O:0l.t57 0.1:>8 

. . 
(.3200 0.2560 
('. 3:5U 0 D.26t)O 

~ • .3391 0 . 0:00977 0 . l-.'l'?: 
0'.3188 0 .. OO.(J\3~9 O.iS7 

-D.3/!O!i ___ ' 0_22'20. __ ..J~.:..3 (1114 .JL 11.0 Q.7 flL ___ ... tL5.6 6 ___ _ 
~.:·";Oe o.2s{lu 0.2834 0.dOO~06 O.i7~ 
U • 36.D 0 .G.2880 ... : 0 '.:2679 . __ ~ ... 0 .• O.UuS~i O. i87 

n.37{H\ (t.2g·1~O ___ . _ O.,2S36 ___ ' __ 0.000450 0. 197 
0.208 0.3300 0.3U40 D.24DS 0.000391 

O. ~ . 0 0 ___ 0. 3J2.Q ____ .. E·,:?283"-"-· __ -,,-0 •• OD O:"".i1._._ Q'. '~i.'7 ___ . __ 
0.400D 0.3200 O,2i7~ 0.000297 0.230 
G.~lOO O.~28D 0,2066 0.600261 0.242 

O.42GC 
",.4300 

fl.:3360 
O.34~O 

. ,. ll-. i 968 
O. '18"18 

O.0002~9 O,2~4 
O.0002D;~ O.2~,b 

:; .. 4/i. f.l ______ !n~~.t;s.?O _____ . 0 •. i"'.9.4. Q nnO~"l':i' j ?'I"') ___ U _ -" _."-. '--__ ~.uu. _____ ._. __ ,..... ._. __ ._ 

O.450C 0.3600 0.1715 0.DUOlS9 O.2W2 
0,1,600 0.3680 . 0':i64i 0.000141 0.305 

50.0 0.4(·69 (j.~\736 O.),.s')3 0.OCOt30 0.314 

.------------------------------~-~--~--~---------------------- -----
------.,---..,-._---_._---_. ------- -

. . ' 
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H\BLE 1 

DESIGN OF QUARTENARY CANALS 
Based on Critl~~i T~Qctl.~ FDrce , 

SIDE SLOPE ~ 1. 
.. --- --_. - --_. ---------------- -----

BottOM Width/Depth (b/d)=1.2S~ 
n'oud~. l'luMber (Fr) =0,10.0 
':'Qctiye F1>l'ce (T) =0.200 .. 

CUrrjction actor (el) ~0.8~O 
II;) 0 qhn e!1-S C,. Q f f' 'CJ.ill1- t .. UU __ ;;.0.._02<::;,.,--' __ --:--__ ----------------

" . 
f.l <l/sec) b (n). . . t} '( M/sec)' 

-----------------------.----~-.-~---.-;:.,-.---.---..:..-------.-,------_._-----
60.0 

-_ ':,0.0 
. 60.0 

£'0.0 

t.O .0 
6C.O 

._ bO ,0 
t,'l .0 
6!J.() 

60'.0 
60,0 

'. 6D. () 
60.0 
6D.O 

. L,O • 0 
60.0 
6P.ll 
b li • 0 
60.0 

60.0 
60.0 

0.30&5' 0.2455 U.·4423 0.001758 ~.l~S 
. [). 32110. __ ... 11..256[; . __ -4'-p~A.fL6.9'--__ 1l.~o.n_HrL7 __ J'_~i'd ____ _ 

0,3300 
n .3·"UO 

O.3SGO 
0.:<600 

0,0264.0 
O.272D 

d.3826 0'.00119" 0.157 
.O.J604 0.001018 O,i~6 

0.2BOO 0,340.1 0.000872 D.176 
0.2850 0:3215 O.OlfD7Sl D.iS7· 

JJ • :3 niL_' _ o.~296llfl--.-_-=-.-l!.(l_· 3.11.4'''-.' ___ JL· 0 if G ~.12...---..J)~ :1...1 "z.< 'Ll ___ _ 
().3800 0.3040 q,2£i86 0,000563 n.2·'~8 
D.3YuO 0.3120 ~ q.~~39 _ .. O:ODD4~O U.219 

0.4000 G.3200 :. O:;~604' .0 .. 000428 0.230 
0.4100· 0.3280 Cr. 2'479 0.000375 o. 211? 

._. D .4.~~O{L __ . __ O'.3.36£l _ ___'_·_,Ji..~:?3h"'-;'1-· ___ 0 .JlOG3_3JL_._.C_ •. 2:S4. __ _ 
0.4300. 0.3<\40 . ·O.2~~53 0.0.0(;291 0266 
0.4400 0.3520 0.2152 0.000257 0.279 

0.4S0a 0.3000 0 .. 205B O.000;~2'i r:.292· 
Q.4&00 0.36BO 0'.1969 0.n002D3 0.305 
(\. <\'700_' ___ . .n_376~ ____ IL, ... .iJ3.B6..-..-.-.-jl •. O'OO.tGL-. _0 ,;318 ____ . __ _ 
0.4S00 O.38<\u G,1808 0.000162 0.332 . 
0.4900 O.3~20 0.1735 0.000145 0.346 

0.,,000' 
O.SO;23 

0.4000 
0.4010 

'. . 
, 0,: 16ft? 
o I .~ 6S2 . , . 

0.0001.:·0 
0 .. OOOi;::7 

O.~60 

a . :,63 
- - - __ - __________ . ___ - ___ =:_ ::..-::::= _ _ .~=._"'=::":":'= =-=--=-==_"::= - _____ PO. ~~.--:=':'-_::--= -=_~~:':'=='::::"":-"':: __ =.==-____ _ 

---.-~----

.' , 

". 

- - . - -. -- -- -------~ ... -.----- ._-- ._-_. 
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I... OU :I: b ,X,:~ C l:..:c G !:;: H - -I ~,n: E.R.N A '.r X ON "":L .. :.t: t'../.C _, "'_ ----- - _ 
, 

DES!- Gil 'OF' GlU(.\R"TEN0R·Y: . C.AN>';\LS 
Bas~d:on Critical Trac!!y. Force 

SIDE SLOPE •. 1. , ' , -
,._---- -

B~tto~ Width/Depth (b/d)=l,250 
Fr.~dc NUMber (Fr) =0.100 
T7'acU'ue Force IT) =0.200 
Cprrectlon Factor (Cf) ~O.840 
Houghl1;'1SS'P COI.1-f'fi,c.trul':: -(.5\1) __ ~·J.L.lt2S 

Q (l/see) 
--~----------.----------------------------------------------------

U,3~V6 0.2636 n.44~6 0,001637 0.156 70.0 
n. (I, 
70.0 
70.0 

\). 34IJU . ___ Lt. 2·72"O.--:-_~,n;.Jj2Jls.,---:G. 001381:, __ JL.l.:.:l ___ _ 

70.0 
7 iJ .,0 
70,0 
7U.0 
70.0 

:7 0 • .1) 
70', C 

.- " ',,-, :.7C ,'n 
7 (; , 0 
70,0 

70.0' 
'7o.n 

- . - . - -- 70.0.- __ 
70,() 
70. G 

0.3500 0.2800 0.3968 0,001187 r.l~6· 

O.~600 0.2880 0.3751 Q:001022 0.18'7 

e.3700. O.276~ U.3S51 O:00D88J 
D.~80D 0,3040 O~3366 0,000766 

o .J. 97 
0.2Q8 

1',,,;(,,,.' a3',;,,~ '0"-"'9" n'OOO''''''' n"io . ,,~, . ~ _ •.• "",-~_'--..u, • ..>..L a.. ___ iL~ ~ .. .J_----»~~. J ___ .• _ 

0.4000 0.3200 ·n;3038 0.000583 0.230' 
,O.4~.UO O~3280 ~ .. 2892 O.OOOSi1 O.2~2 

," 

O.33~O ,'. -- 0,2756. O;06Q4~9 012S4· 
(j.4300 . 0.3440 .' (j',262? 0·.000:W6 0.266: 
0:4", . U ', __ . _ _ D.. 3~·,2.!L __ ~_,~,25.U----; __ ,O,~ 0 0 03SfL ___ J) -, 2'1!L_-_____ . ...: 
O:4S~;n O.2(6QU '0.,2401. 0:000311 ·0.292 
0.46lii) 0.;3680., .. 0.2297. O;~'QG27c· O:3C'i. 

C.i}':'OG 
0,4900 

0.3760 :_~_. __ Q.220~1. O:OOO=-:/~6. ·11 .. 3.~8 

,I 

0,3840 ~~2iiO 0.000220 0.332 
Ct, 4'10 'J __ .JJ _39.211_" ___ ,\,202"=, ___ . _'£L.O 0 0·,\.97 ___ . .0.3:\6:. ____ __ 
o .50 (;.) 0 .4000 0 ,·191, 4 0 , 0 0 0 i'77 ·0 .360 
0.5\.-,;,1 __ O.4G8Q ~ 0,1-869' .. 0,Q00155' 0,:>75 

1._.- ..... __ .. _ 
70 .. 0 
70.1) 
70,() 

O.520(l 0,1\160 o . l7~)8 
O.530~ t.~240 Q',·;23d 
Q • S342. ____ tL. jL2.7-,,-1~ __ -,i} ... _'. ·~03",--__ . 

0,000i44 0,J89 
0.000130 0.404 
!LO.O Q1.?'i.._ .. _Q...jj, 1. ____ _ 

I 
I 
I 
I 
I 

----------------------,-----,---------!=------------------------------ -
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DESIGW OF QUARTENARY,·CANALS 
Bt1s~cl on CritIc'al .1l~o.Gtlve .For~~ 

• • 11 

T(. ')LE i 511/£ SLOP E - i i I 
. - " -- --- -------- _._-- "--~-J 

BottoM'Width/Depth (h/d'=1,250 
Fr()u .. ;~ NUMber (FI'-) =O,1(Hl 
frf.lct !V." Force CO =0.200· 
CC1'rection Factor (Cfl =O.B~D 
~ou9hr.es~ Co~f'f.i.e ],Qnt . ..(..N..,l- ... ;-:.u._e;5 ____ ~_~ __ 

" -
Q (l/se,-' b (;'" d (,,) 'V (/"h,,,>,' . . 
-------------.-----------------------~---------------------- .-----

.80,0 
80,0 
bO.O 
80,0 

F~, 0 
[;., , i) 

80.0 
an.o 
8G.O 

0:3.'50'1 0.2(104 0 • .4522 O,~~jS39 0,1.7'7 
o . 3",0 IL ___ iL 281:1 U __ --'Il..:...LJ2.R.L..... ___ fl ".fULL3.3S, __ .l!O. ' .Hi? 
G.3700 0.29bO 0.4058' 0,onH53 0,,?7' 
0.3800 0.3040 P.3B4J 0,OU100) 0.208 

0,3900 0.3120 0:3653 0,000871 0,219 
0.4000 0,3200 . O~3472 O.G00761 0,230 

. _ . ..0 • 41..0 Jt __ O_32!lO ..:Jl..:.3.3il.'L.....-~ O.Q.O.6£..Z.--.lJ .... 2~ ?~ __ 
0,4200 0.3360' 0,3149 0,000587 0,254 
0.4300 0.3440 ...... 0:.3005 .. _. _.0.000Si7. 0.26'6 

i 

I 
I 

I 
I 
I 

81'.0 
BO.O 
BO.!! 
80,0 
80.0 

0,<;"00 C.~':2D .. .'- Ih2870·-_._._ 0.000458 0.27:' ._1 
0,4500 O.3:.GO :0','2.7.43 0.000406 0.29:~· : 

80.0 
8U,0 
8G.0 
00.0 
LO.C 

8D,0 
r .! ,.0 
B':. D 
80.0 

. () • 1160 L ___ n • 3M u.O ~~:-,n.. 262.C;::>._~_n."_O D Ii 36L __ ·..JL.,3 0 5.:.... ___ _ 

0.4700 0,3760 ~:~515 0.000322 0.318. 
0.4800 0.3840 . O~24il .0.000280 ~.~32 

O.49~t1 0.3920 ,O:'23t4 O.0002~!J O.-~ql\ 
0.5000 0.4000 . 0 .. 2222 0.00·023i 0.3 0 

_ .... O.c)j.Gll ___ . .D • 108ll. __ . __ I(J • 21..31>-_~, .a (l.fl2.(, 8:..._._ .. U ~;>, ::i __ ' ____ ' __ 
Q,5200 o . 1; i f,O · ... 2055 0.b00188 D,3U9 
0,'0"00 0.";:40 .. 0 . :\. 978 0 • 000 J. 70 (I , .! 0" 

(1 • S " ;j LJ 0 . <132 Q 0 .. 1 ~ {} 5 0 • (J {j- 0 i 1.-~4 0 , .Ii,~ 0 
0.5500 0.4400 O.le37 0,000139 O;43h 
n. 5··,UO _.~_. O. 4f,fHL _____ ,Q ,:17"22_. ___ fl •. O·O U}-'2f! __ Q~4S~.~ __ _ 
O,S~3S 0.450D Ot17~1 0.0·00"22 0,457 

-- - ----- - .-------------- - ._---~--.------------------ ----_._--- - ._----- - ---~- - ... 
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I 
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DESIGN OF QU~RTENARi CANALS 
Busei;! on Cr.\. ~ leal" ,:r';:oC:t'iv t'! Force 

TM:LE 1 

.Botto,). Yldth/l'e,;:h 
F.r· 0 ude NUf"bar 

·Trr.1ctl.Y~ lor,!:,;! 
. C~rrec~i,n FuctD~ 
~~~ghn~ss CCQffLC~2:~t 

" 

--------------,--.-, -'. 

O!ld) =1.. 250 
(Fr) =O.1iJO 

.(T) ~().20G 

(c{') ==O.8~10 

£..hIJ __ .::::i\.",JJ~ 

SIDE SLOPE - 1·:'1 

---,._------ ----.----... ----------------....!------------------'"-------- ~---.--. ,. . •. _---
90.0 0.3701' O.,2~·6':!. 0.<\563· O.OOi45B O. i 9/: 

. 90 . .() -- .- 0.380(i, __ 1.L 3ni~1l __ (' ,. ~32.r~ lLJJlli.2.h6 tL . .2.D G . ....0- f.l.. 

tf. 2i 9 
.i.. ... 

90.'0 0.3900 O.3S.20 O.;'li09 ·0.0011 02 
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I~ .: TABLE:'~ . Based on CritiCQ\~7~,~tr/orce SIDE' s'~~Pt :' ~. : .1 
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' .-~- -.: -.---.~.-- -~..:,-' ----.-, .- . .: : ' .' 

- , • • .: • ,,' 'r ,:'.' : I 
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.. -. I 
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. ---.--.:.--. '280.0 .o.6300,_'_JLS040 . (L4899 _JLOOOB2.7 __ ·_jL..s7..2~· __ 
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I<'~:'~ .:-.: ~ : .. : 280. () >-.:: '" .. Z80. 0 
. ~. . -

I: : '. , 

. - : '. '; 

.: ~80. O . 
. '.280.0 
.. 280.0 

__ .0.1300.':"_' _0. S84o._.~~'::o.·'3649· O.Jl'O 057.7_' __ 0.76"1. 
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· . i: .:. . , ;.:. 
Bott; ..... Wldt·h:Derth (b'ld')"i.2S0 . ", .. 

~. :Fr,oude .NlJ~ber. (F)-"r =-O.i()(" : ":." . ~ 
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• .• G). <l/see) b· (11)'· d .(M) ::. ~ ·(:Mh~c·>. S'.,(M/M) A (1'j'2). ------... ----------.----------------~ .... -:---:--~--:--- ---,-.----:-------_._.----

: -, 

.. , 
: : 

! 

; 

: 

: , 

: . 
" 

: 

" 

. '. 

, : 300.0 0,6451 0.5161 O.SOO'6. 0.00'0836 11.599 
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'.3UO.0 0.·6l100· '0.5440.: 0,'".4505 0:00'0631 0.66.6 
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. DESIGN OF QU~~TEN~R~ CANAL~ 

BU5~d wn C~ltl~a~ ~rq~~ive' Force 
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DESIGN OF QUARlENARY' CANALS 

Bcis9d on Crltlcal:Trdc~lve Force 
' .. _.-.-:.; '. . . 
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SIDE SLOPE = i L i. S 
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· '!",ro:ude:NuMber (i"r)'=0.100·,' :"',,:, ' 
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: : 

O.7~SD 0.5960 0.1945" 0.000101 0.977 
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1:ABLE 2 I -. ----- SIDE StOPE = l' Ii, 5 
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, r~o,tto,"" Wldth/D"'pth (bid)';'! .250 --~-":'-:~-:"'-' :..:/-...:. ----.------.---.-:....--.- ... ------ -----.-
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I 200,0 O.SiOO' .0.4080 .: ','0.4'36'9 ,0.000841'. 0.459 
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I 
1-.. · '.:.~-.~ 

, , 
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DESIGN OF QUARTENAkt CANALS 
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, , ': ',' 

0.00·00 
0,8100 
o . a;lU.O 
0,8:100 
0.8400 

0, ElSO'O . 
o . (35'15 : . 

0.61.00 .... ····O',:,Z397 .. :. __ . (L·OOO!;3? .' 1,126:. 
0.64811'. :",'.:ti-::Z~338 ()'000130 1,155 
0.6560. '.'.!..~_ :0';.228?_·_· __ ,,:,o.! ·~0.Q'1:2;:~L 1·83· ___ _ 
0.6649 '. ·,0.:,2227'" : o,qOO:11'; '.1.212 
o .6720' .,' 0 ;,2 i 7 ~ " ..... _. 0, ~ 0.0.107. .... _.: .. 1. 24.2· 

O.68JO 
0.6!:,SO 

. , 
.'1 '. . ' . ")- .,' . 
. • Q •. _1~3 

.:. ':O','2H86 
.. . 0.000'1.01 
" . 0,,000096 

.' :' -. . ' 

1,272. 
i:29'l 

-.-:--",:,--- --- - ----- - - -------.---~- --7-.::-.-:,;,:-,:,--:-==,:-=-=-=-:::'-:-"="7:'::'::-_-==-==_::,,::,:::::===-_' ____ _ 
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. DESIGN OF QOf\RTE!:1ARY, :CANALS 
F<a"ed 'o,r, Cr.lticQl 'T'rhc,t'ive, F'or:ce 

: :TABL.E· 2 : SI·l>E:.SLOP E '. . 
= 1 ':. 1.,5' 

.' . ,. .. 
l' • I I 

: . ':Bqt·t·OM Width/P.:pHl (b/d)=i·.2S0· 
, ... 
1 ••• ' 

.. ' '. " . " , , 
' .. Frobde NUMbjr . (Fr' EO,lOO ", " : '" . 

'·Tr.a"tlve Force '<r)' .. ~'(),200 
. 'Co:rre'ct'inn Factor (C'f) =0,840' 

" ',' : 
" . ;, 

. : 'Ro'llgil~ess Coeff' J.cient" (N.), . ~o. 025 '.,-,-:-__ :-' ''--___ -;-.---,,---_-'--_______ _ 

l 

•• ' I, .', 

~...; ______ .'-______ ~--------______ ~ __ ..:._...:_i __ !...---------~-::....:. ___________ _ 
'.2.80.0 
· ~BO. 0 
.280.0 
: ;;80. 0 

200, O. 
280.0 

· 28 J • 0 
· 280.0 
280.0 

280 • O' 
280 ."0 

· 280.0 
.2.DO.0 
~BO.n 

2~10 ,0 
· . 28U, U 
· : 280.0'. 
, ·.280.fJ 

:- "280.0' 

280:0 
.2fI0,0 . 
'280.0 
: 200,0 
·2BO.0 

·2EI0.O 
:280,0 
280.0 
2BO.0 

.:28U.O 

0.5685 
0.5800 
0.5900 
0.6000 

0.6100. 
0.6200 . 
0.6300 
0.6400. 
0.65UO· . 

0.6.600 
0.67.UO.· 
0.6BOO·" 
0,6900:'· 
0.7QOO· 

0,7·100·.·· 
0.,7.200· . 
0 .. 730'0. '. 
0,710:0 . 
0.7';>00 

O.7~O·O 
0.7.'700. 
0.7800' ' 
o ,790'0 . 
O.BOOO 

0.8iOO 
0.8200 
o .8300 
o . 8·4 () 0 
0.8500 

0.4548" '·0'.492'3 0.000924 0.569 
o . 464 !l--;-'-, .~.:..4.72.9.-· __ .JI.~D Q 0.830"--_-,',,,) ,.592.._· __ 
0,4720 . '.°,,4570 0.000758 0.613 
0.4800 0;4419 ~.000693 0.634 

0.4880' . 0,..4275 0.000635, 0.655 
0.49'60 : .. ·0:.Ai39 0.000582 0,677 

~ :~~~~'~~:"j~~~~~--. .JJ.~: ~~~~~"-i---"~'~~~ ---
0.5200' -', .'.0:":3765 O.OOO~52 .. 0.7.44 

: .. ', ~; 

0.5280 ::.'.:.'0,;3652 . G.0004!? 0.767 .. 
0.5361l .: .. '~, ',,0'::~5;,~' 0:00\)385 0.7'9.0' 
O. 5440 .. ~_c ... _.O. ",41, ____ .0.00.0356 __ (1.. fH4..: __ . __ 
0.5520' :. "',0::3342 0.000329 0,83B 
0,5600 :':.0':.:3247' 0;OQ0305 p.862.· 

.' ,.,'. :' .: .' 

0.5680 '-.:.:.0'.,3156 0~00'0z'82 0.'887 
0:5760. ; ".0::.3069. 0,000'262 0.912.· 

• .'. 1,. ' • • .• o. 584 0.--:"':,.,....,:. ll:;"298S_' ___ L'O 0.024!l __ .11. 938 _____ . 
(r.~;920 .. , ::.::O"f905, n.·OO.D2.26 '0.904. 
0.60'09' .. ,.' '.0·.2828. 0 .. :0002-11 l),.95'O . ." . 

D.,60St!" :.-: '0';2-754 0.000i.96· ~.Oi7. 
0·.6i60. '. , ,0.:26<:3 0.OOO1.83 '1';.044 
o .'6240 ~~_~!.lJ:'61S:>._· ___ ·O L:OO.01.'l1_ .. _1~0'ZJ._· _. __ .. 
0.6320' . ~.~549· 0.00016d 1.098 
0 .. 6400 .:,Q:,2486. 0'.0001.49 1.126 .. , 

0.6480. ' . O';2!i2S 0.000140 1.155 
0.65bO ',' "'O':,23()6 0:000131 1.183 
o :6640 .. _. :""~_,,O :.~3Q,2 __ :"'_ 0 LOO 0123 __ L212 ,_: __ ._._ 
0.6720 '0.'2255 O.~OOli5 1.242 
0.6800 0.~202· 0.000i08 1.272 

'2ttO.0 0.860.0 0,6880,'· O·,21S1.' 0.000102 i.~oi 
'2PO.0 0.0700 0,6760 0;2102. O.rr00096 1,332 
:28U.0 U,87)1 0,6960 .. ' 0,2102 0.000096. i~332 . 

----~- - .---------.- ---.-:..- _.- -- -------:--~~.:.I7""_.-_===:..=-:..-.:..--::..:::...-=-.:-..:::.:---.:-.---. , .. 
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DESI'(~N OF f.lUAR,TENAR'y· CAN.~LS 
Bac:.;\':!d 9n Critical' 'TraC:·tlue Force 

I ',' 

" 
. T ~~L[' 2 

. I · ' SIDE SLOPE =- 1.1 1.5 
., 1-;--': :---------

I ":. . . ,', 
.: : ··Bo;toM. Wdth/Dcpth (b/d)=1..2S0 :', ' •. 

. . : rl"oude·. N·lI~lb'~r· (1"1") =0. iOO :".'" 

•. 
: .. 'Tract.i1.!e,'Fol"c,; (T) =-Q,200 " .. 
. . : COl:rt!cti'on rac',or .' (Cf) =0.840 . , . ". 

'.: Rj)ugh'n«s's Coe·ff.!.cien:t (N) ... ",U,D2S , •. __ ~; .' 
..' 

.' 
, . ..' " 

I 

• 
I· 
I. 

• 
I 

•• , 

, . 

I·: .. : .. ' 
~. ., 

I 

•• 
I 

• 
I 

• 

, " '-. 

. , 

.. 

:~ <;.~ . .': :::T':" . : -,-- - .. - ,,'---- _ 
· Q (l/se!=) b'. ('1'1).' d' (1'1) . '.', V 'Oi/sec),' S '('I'I/M) 

• . • • "I.' .. ·-7--·----------'-'-------·-----7:-;-----;--.... ---"7--~-----""":--,--:-------.---';"" . 
290.'0 0 . <;i·in . 0.4'622:" ."': '0; '1937 .0 .. 00'091'0' D. S8? . 

. ' 290.0 0, S'70 o· .. 0. 472Q :.:. _. _. n.;:47.3'~ n. 0 O.ll~,13 __ · _:9. .• ,613_. __ _ 
290.0 .O .. 60QO. 0;4000 ··f:l!5,7:7 00·.·.oOo900~48 .. 31 .. 0° .• 6

6
;35.45' 

290. O. ·0.6100' 0.488.0 . ~:,4'420 t-

290.0 
290.0. 
2?O.O 
290.0 
290.0 

290,0 
290.0 
290.0 
290,0 
2'>'0.0 

:,2'>'0,0 
· 290.0 
.290.0 

· : 290.0 
, 2(/0 . 0 

. 290.0 
· : 290,0 

. 290,0 
",25'0.0 

. 29.0:0 : 

· : 
· 290.0 
'·290,0' 

:.'290,0 
. ' .29 0.0 : 

.. '290,0 

O.620Q. 
0,6300' 
0.6400' 
.0.6500 
0.6600 

0.6700' 
0.68nO 

'0,6900 
0.7000 
0,7HO 

O. i'200 
0.7300: 
0,:1,400 : 
O:7501l. 
O. 76~·j . 

" . , .. 
0,496.0 "'0.:4286. 0.000624 0.677 
0.50<\0 :. 0.A1S1 0;000573 0;699 
0.5120 ; _~:n~;A023 __ --"O.;0 0.0522_--,,0., 72j..~ __ 
0.'5200.. O.;39QO 0,000.485 0.74"1 
o .5280 . '. .' 0',.3'783' ,'. __ 0'.000447 .0,767,.. 

. , 

.. ~. 0:.3671 .. 0.,000413 0.790 " .. 0.5360 
0.S440 

.. 0.5520 
0.56()0 
0.5680 

0.5760 
0, S84 0 
0.5920 
0.6000. 
o .60S0. '. 

0.3S63 O.~DD3Bl. 0,814 
_. __ ,J,~346i-.,.-__ .ll. 0 0 0353. __ 0. fl.38 ___ :_ 

· 0::3363 
0;'3269 

· " 
• 

0,000327 
0.000303 

0.862 
0.887 

. 1.3178 0;000281. 0.912 
;.:: '0',:3092 0'.000261 0.938. 
_...,.:'..1)0".:30 09. ___ .J1. 0 O,q243 __ .JL,~ 6'''--__ . 
\ "'O~2'929 0.000226 O.S"/O 
. ':" 0'.2853 .. _ 0 • 000211 1. 0 i 7 .' 

.,' . 
0.7700 0.6160,' ,,'::.0'::.'27';79 . .'.. 0.000197 i~,'0074.'i4 . 
0.7BQ3 0.6240" '.' ,0;2708 0.pOOi'83 
0.7\100 .:._.0.632'0 ,:_ .. _,:..:n::~!264,iJ-:-,,--_,O ~0f?0J.,7. . ..:.j __ L 0'/8 __ _ 
O,B(J()lI· O,MOI) ·.O·,'257S 0.000160 1.126. 
0,8103. il;648t ..... :;. 0::'~5.i'~' .:_. :.O·.Q001S0 1.1::'5 . 

0.8200. 
O. S'JOO . 
o .84.00 '.' 
0, IIS.O 0 ' . 
0,86.00.'. 

0,6560 
0.6640. 
0.6720' 
o ,6'800 ' 
o .68.80 

• It, 

','. '. 0 ',.2:451. ,a. 00'01'41 . X, j 83' 
.' ':":O:;j':?39''i . ·0 .. OOOi.32 1.212· 
~:.. ,1l·;·2::U'",,; ___ · jJ ~oaOi2,\ ____ j;.'~'1~ .:...:,_. __ _ 
.. "O,:22th 0.000116· 1.~7",· 

:d~~~8 o~nOOi09 1.302' · " ~I;.t-

··29IJ.0 0.8700 0.6960" '. O'~it7'7 0.000'102 ~.:B2· 
:··~·9'1 .. 0 O.88IJO O,70411 :. '0;.2120 ·0.OOOQ96 1.363. . 
- : 2't0 .0 0,8824 0.7059·. : ,~O~'?H? :_ .. _ ... !LO 0 00.95 .... _" 1,37,0. __ .. ____ . 

--~--------------------------------------------------------------· .. , ' "r 
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... , 
TABLE 2' 

, ": "'.' SIDE ·.SLOPE = 1 
_.-'------:---'---

" . 
. :Bot'tOM ·Width/Depth (b/d)=1.·2S0 

, . , 

'. (~:r~ =0,100 
'CD' ,=0,200 
(en =0.840 

" , 

.' 

. Fro'uc;le :NuMber 
.Trrjctloie: Force 
Correctl~n FaCTor 
Rougnn~ss Coefficient ,( N) : __ ;::;0.. .... ..0.::<'.,,5'-...,-._--'--'---'-', _________________ _ 

" 

- • t 

'~ 

',.1 ." 

'v· CM/sec) A (1')'2) 
---';""------------------=-----------_:..._---'---;_!......_--------------...:-.:.----

: 30:0.0 0.5869 0.4695' ~ 0;4949 0.000895 
300.0 O.bonO ..:......_ll.ABOtL-_' _L47...,3~S __ _ 
300.0 0.6100 0,4880",' 1l.4S81 

JL,OOU75'b 
0.000728 

300.0 0.6200 0.4960' ~.4434 0.000668 
. I .. 

0.5040' :0.4'295' 
r, ". 

0.000613 30'0.0 
, 30'0.0 
":?Oo.o 

300·,0 
,300.0 

o .6300 
0.6400 
0.6500 
0.6600 
O.67{)0 

O. 0'0 OS6:~ 
0'. '0 l1il5'19 

0.5120 ,'0 .• 4161 
_0 .520 )1_-'-' -,' ·1t~A !l:3..4>--· ~_1L 

o .52BO :. :,0',.391.3 Q.OOO47,} 
o .5360 .> : O ... ~?:97 .' _:. "':.'_ O. 000442 ~ .. 

0.60b 
Il" .:,}4 
0.655 
0.677 

o .69~ 
0.721 
LZ<34' 
0.7ei7' 
0.790 : - .. 

, 300.0 
,30 P ,0 
~,oo.o 

: 300,0 
300.1i 

o . 6800 0 .544'0 :...0 '. 3,6,S6 ' .... _ 0 • tHi 0'4 0 B .. _ 0 :!'l14 ',,, _, . _ 

'300.0 
30Q.a 

'300.0 
300.0 
300.0 

300.0 
300 ,~ 
300.!) 
:?O~l ,0 

:300.0 

~OO.O 
300.0 
300.0 
3(;:1.0 

':5UO.O 

0,6900: , 0 .5S;~O '.",0; 35130, 0.000378' 0 :83B ' 
li.7000· ___ .11 .S600' '" "·il.'::H.72._· U~oIl03Sn~_-,.0;86'2.' '." 
o .71 tJ 0: ' 0 .5680 :- ..... '(i'. 3~B i : 0 , 0 0 0~24 0 ,887, ,'. 
().7~00: ,0.5'760 ' ":'0',:3288' 0.,00030:1 '0.91:2 

0.7.300 '·0.584{): ·:-:o:·.~~s:/: 0.OQ'02BO. Q.938 
0,7400' 0.5920 :0:.3113:, 0,OQ'0260 '0.%4 
o .7500' ...::. {j. 60 00 0: 3.il3.ll __ · ' __ Jl. tl (}O~4~_Q S'lll '~ __ ' 
0,7,6'QO: "0.6'08,0 'O.2·9S! .. ,: e,.·000226 , i,'017' 
O.77QO ." 0.61.60. '0':21375'" 0.00'0210' i.O Il 4: 

0.7800 0.6240 . 'h'.~'fi02' 0,.0001'96 1.071' 
0,79(10 o . [.320 '. , ,0.2731' 0.000183 i.098 
0.8000 ,_c __ ,11..6400 

, 
, :.:._0 .2:663. U ,P,O 0 172. i I J_1?6 

0,8100 0.6480 '0.2598 0.000161 i . iSS 
0.8200 ' : 0.6560 b'.2S35 0.000150 1.i83 

0.8300 0.6640 0.2474 0.00][41 1.212 
0.840D, 0.6720 "0.~416,,.· 0.000132 1.242 
o .8500 ._ .. ,-0 .6800,-.-.~"- 0..235 29 ____ V • 0,0,0124--.. 1. 27_~, ____ ._ 
O.86QO ,,0.6880 012~05 0.000117 1.302 
0.8700 '0.6960 .O;~?52 0.000110 1.332 

, , 

'300.0 0,8800 :0.7040, P,?201 0.000103 1,363 
::;00.0 0.890'0 ,.0.712U ',O'.2lS2 0,00,00,97 1.39'\, 

,,300.0 0.8941 ·0.71S5.. __ . ~-,,-:-~;',2'i31.---·, .. 0 .. 00,.0'0.9:5_ . ___ 1.408.:.:.. ___ _ 
-.-- -.-- --- --- -- ~ - ... -;- --..... ---------------:-'7·--;"'----------;--------------:-

, . 
," " .' .. '," . , 

• I . ,', . :1';' .. 
, . · ...... ', 

• .' . "J.,' '. . " .... 
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. , , . . . . 
, ·DESIGN OF QU,'IRH:NARY CANALS 

B~sed on Critical, T'r:o.c'~lve Force 

, . 
_ ... _--- .-_ .. _. __ . .... --:---.--~"'-''''----

£':01 tOM IHdth/D,-pth (b/d)=1.25·O . r 

SIDE SLOPE =' 1 

"rr~uda' NUMber IFr) =O,lOl 
TrrJ;~' i'1.I\1 r01'r~ (T) =--0.20Q' I 

(,Or" \...L ll(,ll IN(JC1U(' (Ct) ;(},U"lU,' .' 
.. , R:oughrl"ss Coeft'H:Lern .'NL_~.n~!l2.S __ ...,·,-'·-,-, ,....." . .,-__ ~_ . . '. ' ' ... 

.. : 

.:~: 

' .. 

, , . 
• • I" .' '; 

. Gl :O/sec) b· (M) '\1 (M)··· ",0 ':("M/S~C) S (,t~/I"I) A ('M A 2) 

. ..;:-~------ -----~.-------------:...--:-.-~.-;-:..:.~~----:----.-----.-------_. __ .... __ .-
20.0 0.1556. 0.1245" ,0.3969' r.Ob3367 0,050 
'20.0 0.1700 ·:... __ fi • .i3b.n.:· :,' 0 . .3327.' ·O~002.i03 ___ jL060.-'-:' ___ _ 

:20.0 0.180;). 0.1440", "'.'0';'2968 . 0 .. 001551 G.06f 
20.0' 0.i900 O.iS2ll,'· '0:.2664 _ 0,.-0.0:1162 ,0,0.75 . :!. .. 
20 .. 0 
20.0 
20·.0 
20. O. 
20,0 

~:~~:~~', ~:~.~~~'>""' .. ',~.:: .. ~:g;, ~:~.~g~gi ·f~~~ 
._. U. 220 O. _____ (L i.760_:_' ·_·_.-'-..Q,,,I . .9.8:z_. ____ 0~ (1'0 O.~;::'2. ___ !L. 1.0 .... 1 ___ _ 

0.2300.: 0',184.0, ".,oag~B·. 0:0,OO.l,i9 O.it·O·· 
0.24'00. tl.1920 . .' .. ::':,0:1·oG9._ ,0-..00'033.4 {J.!2.0 

. ':". 

'20.0 .0.2500: 0·.2QOO· :._ ~ ~'0';1538 0,000265' __ .0.-130 
'20.0: 0.2600. 0.208.0 .. ·.: 0:,14'22' '0.,'000218.0.'141 

. . , 20·. O· ".0.'270 O. ' __ .. .n·.2i60.· " ..D'; i3r't __ .·_D ,,00 il17B_:..._ . ..:O .• i 52._· ____ _ 
20.0 0:2800. 0.'.2240'. '0'.1226 0.000147. 0,163 

. 20,0. 0.2857'. 0.22fl6 .;,.1i,.1178.: 0,000132 0.l.70 
. -~-------~--------.-----------------~-:--'---------~-------.--~--~--

" . . '. _ .. ,- . - -
" . , 

-', .. 

'. 

--------'-------,----'--,,-,,------'------------'--
" 

- '1;. - . 

" , 

I .. ' : 

.' , 
, , 

, '. ~. I I 

. . '1/: , ' , 
· . ';"",'J -_ .. _ ....... - · . . "" . . . - ----, 17-.-;-' ----:-----: ~;--- -,--- -·-'7-------. -- ---

. ',' ' ,",,'.: . . . 
" .' . :: ... ;' , . , 
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'DESIGN OF QUAR1ENAR~,CANALS 
Based ~n Crltlcal'~ra~tiu~ Force 

SIDE '.LOPE =- 1 
__ .' __ ; ' __ , ___________ -;-___ '_.:.J..--_____ ... __ _ 

, , 

2 

Bottarl'Wldth/Depth (b/d)=1.2S0, 
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, 'Q ,( l/<,;ec) 
• II. ' 

---.-.----'--:---------------------~----7"~-_:--------"':'"-:--,- .... -----:---;:--.":"-.--
80.0 0.2951' 0.2361.: ',.-.(j'·.4'H6 0-..00177'6 O:18~ 
SO.O O. 3i 00. ___ .. 0. 248{L~c'-'~':' -'lD,l'? Jl.,U,Oi.36b ____ .Q • .2ILO ___ _ 

~~:~ ~~~;~,~:, !:~~~'~ ,:.-:·.-t~~~'; ~,:.,~,~,~g~ ~:~g'" 
.80.0-
80.0 
80.0, 
BO.O, 

:80.0 

,80.0-
·SO.O 
80.0 

·BO.O 
,80. U' 

80.0 
80.0 
80.0 
'80.0 
80,0 

" ' 

(j,340(1, 0.2720- :·:.O;33~7 0,'00083? 0.240· 
O.35tH) 0.2900 '0;3f4,O 0,00'0715 .00.2'5::;. 
o . 360 1l, ____ .!L.2~1£lILO --'-_~ __ :_.Jf:29.6B_._' __ {l.,.O 0 0 6i.;J.5_~,O_. 2.7,,-0.;.' __ , 
O.370ii: 0.296,0 :'0:,.2809'- 0.-000532 0.2fJS: 
0.3800·' 0,.3U40· Q,~'2664''' __ 0'.110046'1 0.300 

0.3900 0,.3120 __ '_ ,: :0· .. 2S29,_-'. _ 0.000402 0.3j.6· 
0.4000.- 0.3200; : ·0 .. 2404' . 0.-000351 0.333-
0.41(10 __ .0 .32B!L_

r
·_· .~O. (?8a.. __ --"O~JJO 03Q8 __ 0. 350. ____ _ 

0.4200 0.3360 '0~2180 0:000270 0.367 
0.4300 0.3440, .. Q:-2il80 0,000239_ 0,385 . 
0.1\400 0.3520 .0,.;'1987 0.000211 0.403 
0.4500 0.3600 0.1899 0.000187 0.421 
0.4600 __ . ___ 11. 3680 ___ ' 0 :..'18..1..1 uSc..' __ no. 0 QOi6n.._.JL 44.0 ______ _ 
0.4700 0.3760 ~.·1741 0.000148 0.459 
0.4800 0.3'840 '0;1669 0,·000133 0.479 

. "'- , . 
'" ,. , . 

• "" / I 

_. - -.-~ --- -.-- .--' ------.---;--:- .. ' 

· ", 

... ' 
" . 

• • • I ' 

, , . 
- "'-. -_._---, -,- --~:~-'-----:--=--.--...; ~.- :.--- .. --------.--:----.. 
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TABLE 3 

\ '," 

. DESIGN OF QUM,TENf.\RY CANALS 
Based 'pn CrrTical· irQ~~i.~ Fo~ce 

• • " • I. ' 

-.", J , 

SI,DE. SLOPE '" 1 .: 2 
.--.:.-.'-' .. -'-.------~--------'-. ..;.:--'-, . , 

I':or't~M. t.!.l.dth/Depth 
Fr'oude: NUt1bel' 
Ti-'at;:t.l.,ue Force 

(bId )"'1.259 
(F.1') =0. ioo 
(Y) =0.200 
<ef') =0.840 

. , 

, : 

.. COr'rec.tion Factor ... . I,' 

. R~ughn~ss Coefflclent . . 
(N~ -~n_n2~S ___ ~~ ______________ ___ 

Q (l/se:c) . .v '(;r</ SI! C ) . . . 
---.----------------~----------------~----------------------------

80.0 
80.0 
80.0 

.80.0 

80.0 
80.0 

'80.0 
80.0 
80.0 

·80.0 
80.0 
'80.0 
80.0, 
BO.O· 

.80 .. 0 
BQ.O 
'80.0 
80.0 
80.0 

fl 0 , 0 
1:10.0 

0.2951 0.2361: O'·.4H6 0.001776 0.18i 
0.3100 ____ !.1..2481L_· __ Jh.4llil""?-'-__ . ...n.. n.O!.3l>b ____ Q • ..zO"O __ _ 
0.3200 0.2560' O.375b 0.G01153 0.213 
0.330n· 0.2640 . 013532 0.000979 0.227 , 

0.3400 0.2720 " a.~327 0'.000835 0.240 
0.3500 0.2800 0.3140 0:000715 o.~ss 
o. :%Oll"_~. __ o...2C1Bu-O --;-', _~.:22.6B ___ [l..0006j.;:).S __ ·3L0 .2.7",,0 ___ . 
0.3700· 0.296.0 '.' (1.2809 0.000532 0.28'5 
0.3800, 0.3040 .' p,2664 ~.b00461 0.300 .. ,.. " 
0.3900, 0.3120·.: .. ·· ·,(i...~S29'__ 0.000402 0 .. 316. 
O.'lOQO· 0.3200' '.':.0;.,2404. 0.000351 9.333. 
O. 4i 0 0·;.. .. _n·.3.2.8n: __ ~_: ·:-il'l ??Ffa.--'-_--"O~J) 0 03Qfl __ Q, 350 ' ___ ._ 
0.4200' 0.3360 ' .. 0: .• :219.0 0 .. 000270 0·,'367: 
0.4'3!l0.. 0.3440 ".: Q·,.20'SD 0.OU.0239 _. 0.3S5 

.' . 
0.4400. 0.:>520', ':.:'·:0':1987 0.0002H 0·.4a3 
0.4500 ' 0:360.0, " ... 0',"1S'99 0.'000{S7 0.421 
0.46.0 0._ ..... il. 3680_,' __ ' '_,_" '0.;).8.1.8"'-_--'-: fl.~ 0 Q.0166... __ .o., 41.0' .:.... ____ .:.. 
0.4700 0.3760: .,' 0 i,i'7'4i' O.{)OO·i48· 0.459 . 
0.4S·OU 0.3'840':" .o·.~669 : 0.000'1.33 0.479 . . 
0'.4900 
0.4974' 

o . 3920 . 0 :160'2 
o .3980 .. :' 0:';.1,554 

'. 

-.----- ----._ .. _-- -' - .. 

0.000H9 
O. DOOHO 

0·.499 
O. S1 5, 

._ -_.--::......1.--- .. _----.,-------'- __ .' __________ .-_. ________ .-.' '. . . 
j, " " . .' . '. ',',: . 
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~E!~ICN OF QWIRTE;NARY' CANALS ' 
.. B.'l,:ed ·on Cr.i.tl~Ql· T;"IJ'Ct.iv~ Force . . , . I

f'-

. ,':iABI';::'3: 
. .. 

" 
. . 
~!:.DE· SLOP.E· =. 1 : 2 .' . . . . ,; . . . .. -----. ;-'-~.'~7-~- ':----I,' '. i~~tt;()~ Wld~(ti/D"o'th .. 

. . . 
(.l1 / d ) =.1. 2'5 il '. , . \'. ',',: .. 
<F7')'=O,iOO', .' :::. '. 

I ~ ; ~ 
';. 

· . " 

I > :: . - ... 
< : ' 

I 
I 
I 
I 
I 
I" 
I 
I. 
I 
I 
I 
I 
I 

'. 

. '. · ' , 

· . , 

. . 

, . " 

F~DuJ. ~uMb~r. . 
• 1 ' 'I". ' , 

Tr·.i<:t·iue. Force 
C;oT'Te'c'lon Foe t or . 
~ o· U'9 i-m e <, s: Co", ff J. C 1 e nt, 

<-T) =0 "'00 .'. '.' . . ~ .... . . " " . \ ". 
(en =0.840 .. ".:,,;'" 
(N) .;.O~.l12S...-',.· '.' " '. 

, . .' .' . 
I -:. ':' .: : • 

.. 

.:~:.:~~:=: ~ -- -'7~-: ~·~·-----~-i~~Li~~;~~~.~~~~·~,--~-_.c: ~:~~.~~~-'-~~ ~~~: ~ 
'100,0 0,:3:?7·j 0 .. 26i7·, ,"O.·4~92· 0.0016'02' '0.22:; 
· i 00.'0 0'. 3:fJO 0 . _JL·2.72tL:-.._· ' . .:. .. ~ .. jLAf';;~~...Jl .• 0,0 i304.,--.:.J) .•. 2.!\OL.. __ 
iOO.O 0.3500 0.2800·'· .. O.j'l;~S·.· 0.001117 0.255 
100,0 0::'%00 0.2880' ··0.:r710·. 0.009961 .. 0.?70 

·.lOO.O 
.100.0 
iO 0,0 
100.0 

.iO 0.0 
· . 

· 100.0 
jO 0,0 

· ~ 0 0,0 
.i(j 0,0 
100.0 

1 (J() • a 
:j i) I) • OJ 

)0 G. I) 
1 !) .J • 0 
i 0 I) • 0 

0.3700 
0.:3800 

0.2960' .' u.3si2 0.000831 0.285 
0.3040: .. ::0;3329 0.000721 0.300 

o .3.900 
0:.4000 

._ . ..8:..3 i2fi. __ .:'_J1L...3H'A.i ___ .II.. D 0 O.b ?:...L7:......_.\L0 .... 31.6'--__ 
0.3200 '. 0.3005 0.000548 0.333 

o . 'lIB 0 0.32~O , 0'.2860... 0.000480. O.:~SO . , 
0.4200 0.3360 ...... ",h'; 2725 . D .• 0 0 00)23 0 •. 367 
0.4300. 
I) .4·,00 
0.45fiO 
o .-A 6 0 0 

0.34.40, ,. ,.'.~ .2600 0.000373 0.385 
._ n .352.0_' '. _:_. -j.0 ~2 483. ;..' __ -",0 • 0 a 0;:; 311 __ .Dc •. s OZ_' __ _ 

0.3600.' .. ,.0'.2374 0.000292 0.42i. 
0 .. 368,0"": ,:0.-2272 0.000260 0.440 . , 
0.376:0 .. '.·0:2176· .. · 0,0'00232 0:459 
0,384·0:::'·:'O .• 21J87i O:OOU207 0 .. 4?9 

0.<!9IJO, , ... 0.3920';' '·-'-.!lLzo·D.2.-__ JLOQ0186._oJl . ...:4'L9_ . .:.._._ 
0,4iI30··.· .. ':9:i<!23 . 0.0'00167,0.520' Q; 5;) ~ 0 

O.~iO?· o .4080' '-:' .. ·G·. 18'4U (i,. 00 ':;}.50 .' 0'. 541 . ... " ':,' .' 
.:' 'lUO:O .O .. ~-:;2~ri· :0.41bO:;.·· . .':· .. ,·~.:·1~'78. 'o .• aU·(}·13S.· ':0;562" 

• j Oll·. O. o. ~.j,(J(; 0 .4:::'10 '. ·· .. :0, t 712': . 0',: 000122 '0,. 'SB4 
. :1·0u.;J O. S '! IJ q' _'0,11320 . ..:_::c...:...Jl: • .i6il2.~ __ ~.o·.o·a G i11 __ ·.u •. 602. 
·.l(il).O 0.\,;4:," 0.43%1,"":'. O','i62S .. 0:000'106 O .. 6·~S·----. . ' .' '. ., -- -- -- - ----- - -'-,------ -·-·------!..·--~-- ..... ..,..'-·'7._:--.. '------·---------~---·- --- --;---

" . 

. . . " , , 
--~'---- ~---' --' -~. ---

, ' , 
' .... ,. 

, . . ,. 

-' - ----_._---- - .' .. -

, .' 

" 

, . '. 
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. I. .'. I::.' ~:'; u :/ E ", x-:~ I!:: l:i C:; E: H' ". :1: 1---1 :y: I;,:' I':i·l:i;. T. I £3 N."" L. It·:! (:; .. ~ : ,,' 

, ' .' , 

DL 5 1 eN OF GlUARTEN,')R:Y ,CANALS 
nrl~ .• !(1 on Cri t leal ;-!:att.iv.~ F(lrCe 

. .. E:If:E SLOP E ''', 1 , ., . ~ 

'j 

I ~at'nM Wldth!D~ptn 
FI 0 ud~ N uMb.!1' 

_____ : ___ , __ ---1 _________ • ______ ... __ 

(b.'dJ"i.2S0 . 
(F'r) "U, 1 () 0 . '. 
(,T) ~O,200 • 
(C.'fl = 0 . 840 ... I '· , . TruC11vi Force 

" .':, Go: r e\=t ~ on Factor 
~,'., --: Ro·u'ghfH!Q.-:i.. CoeffIcient 

'. , . 

, , 

I· . . 

I ' . 

I 
I 
I 
I 
I" .. 

: .. 
: 

I 
. , 

I. 
I 
I 
I . . . 

(~l) = 0 • D2.5 '.~_-"", .. _----,---'--__ -'--_~~ ________ _ 
" .. " , . 

.' t· . , . ,. , ... 
: Q' (l/se~) b (M~'. d i'l)',' .'.v:::~M/;:;~c): .~: (M/,~) A (,,·2) 

. -:-:-----:-----------:-~-~---- .... -'"::-~-,--.---:7~---:--;-:_------':""'-.--.-:---------~-
110.0 0,34i9' '0.2735.'. '.' ,':0.452-5. : ,0'.,001533 ,0.243 

'110.0 0 :3500' . ,: D.280'0." '.: '.:n;,13'!7' '. '11',0,'013,52' ,_O.L2~5: __ _ 
.110:0 0'.361(0. 0.2080 '. '. '.':0':40131': '0:,001163 0,270 
110,0· 0 :370U 0 .. 2960" '. ':. :0 .. 3863 '.. o',ooioos 0,285 ' 

no.o 
110.0 

:11 rJ .0 
Jiil.O 
11(l.0 

:UO.O 
l1 0.0 
,11 0.0 
UO.O 
11 O. U 

uo.o 
'11 a. 0 
110.0 
iif!.O 
liO.n 

'. ..,' I 

0.3800' 
O.q'lO.O 
0.4QO.O 
0.'4100 
0.4200 

0.-=1300 
o . '(,1).0 Q 
0.4500' 
0.4600 
0.4700 . 

0.4800, 
U.49fJO 
0.5000 
1l.~iU(l 
O,S2iJO' 

,' . . '. 
0.3040 .·p:3b6~ 
0.3120'" .' ,,0.3477 

. O.320~~n'.33.1ls·~~ 
0.32'80 ... , .'0.3146 
o .33'60 '''''' :'0'.29.98 .. 

0.000872 0.30~ 
'0'.00 1i759 'U '. 3 i6 
0.'.0 <i 0 663 __ 0~.333.:L-_-'---
0'.000581 ,0.':350 
~.0005il 0.367 

0.3440 : .... 0.2860 0;000451 0.385 
0.3\)20' .. 0 . .-27.33. 0.000399 0.403 
0 .3bO n '_:~·:D"::>6j.'::>. 0'000354 '04"1 "--'-- - -- -- --- '. ,- -' , '- -_._--
9.3680 ·0',,2499 0.000315 0.440 
0.3760 0.2394 ,0.000281 0,459 

0.3840 0.2295 0.000251 0.479 
0.3920' ." 0.2203 0.000225 0.499 
[1.1) 0 0 0. ___ .' . .0 •. 2H5 ____ .D. 00 02U2. ____ 0. 52!l~_. __ 
0.4080" . '0;.2033' 0,OOOi-02 0.541 
0.4160 '~: 0'.1996_ .. _ 0.000164 U.'Sb2' 

, I. .:' " • . ., 
110.0 Il.S300· 0.4'2,10 .,: .... ,' \),:18B3' ". O .• OO'O-i4.B .·a.S8t) 
il!o.O O.~AOO 0.4320". '" '.0,.1814 0,00'0134 0:6n'/ 
1111.0 IJ. ~50U' o. 4(1O.D_~--,p.174a.. _0 ~OJI,O'i2L-_'!) ,.629 __ . __ 
110.0 O.S,sOO 0.448,0,'.' 0,'1686 0,'000110' 0.652 

.. 110.0 0.5650.' 0.4520,:' ', . .". ?:', 16'S'7 ,oo 0.:.00'010.5.', ,.0,664 ' 
-~~~--.----:--.- -----.--.-:------.---.... -:-::---:::-'7[; ... -.-:--:-------- -:---~----7"--- .... _:---

. " "" ,'. 
, . 

. -, - -_._--' -',.!-,,'. -:::.," '-'.:.' +-. -' :..... ~-,~-
". ";',' t': " .. 

.. ' , 

• " I" 
.' 

... :'" 
.. " .. , """ .. 

, , 
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LAM NAM OON , 
,:I:N'Y ECI~(.')Tt:::X> I~UI~AL X>'EVEL.OP'Ml:::NT PI~c)T"::CT· 

, (') l' ": ,::. '" (:' '::' "', _ 'I' 'N' 'Y' '"'',1''' N'A ""._ ., . ..0 N A L .,X N C .. ' - _,_,_ . . ,., .J.I: E, A.~ ," '< .• L, ..... , . . .. • ... ;,.... . ,......., ' 

, ,-' 
DES'IGN OF QUARTENAR.Y CANALS 

Based' on CriticQ:l,T~al::,tive'Force '. 
S~DE SLOPE a 1 : 2 

.-------.~~~--------~~--------------
" I' 

BOlt~M Wld~h/Dqpth 
F r Q Ii d'e :N lJ Mb e r . 

(bId) =1. 25'0 " 
, '/ 

Tract.iv·e F orc"e 
(F,r) ",G.l00 ." 
(T) :::0.200", ,'. 

Cor re'ct,ion Factor 
~od~H~.~s Doe~flcle~r 

(Cf) =0.840', .: .. :, '. 
• '. ., I • 

<th, _-"",IL. 0 ? 5 . , . '. 
, . . " : ",1:', 

. ' 

. , 
" . .: " . 

~~_~:.~=:::~ ____ :~_~~~ _____ ~_~~:i::~\~~~~~{·~==: ____ .:·..::c..~~~~:~_~~_.~~~~: 
. 120.;0 
, 120.0 
l;~{),O 

" . 12G. 0 

l21l .0 
120.0 
120.,0 

. ·120 .. 0 
,120.0 

120.0 
12U.0 
·1::~O. 0 
'i20.0 
120.0 

1;!U.0 
121l.0 
12'0.0 
120.0 
120.0 

. .' ',. . 
0;3559' O;28~7"" ':0.4556' 0.001472 0,263 
0.370 Q ... ___ 0'; 296o.c'.' : ',,:JL....42,i4..: ___ · ~.:O 01l:.2 .... 6 __ --'0 .... ;.2.85, ' __ _ 
0.3800 0;3040, ';.0.3995 0.001038 0.;;00: 
0.'390,0' 0.3120'·, .';'"O.37'?;3 '.' 0.000903 ·0,31,6 

, , 

0'. Ii 0 r-,O 0.3200':.' ·,Q.3606' 0'.00'0789 0.333 
0'.4'100 0.3280,:' :·,0.34:;;:! 0.000692 0.350 
0.4200 __ . .11....3.360' , . 0~.3.27_1'--__ .JJ.O •. O:U06QuB __ Q,....u,Z ____ _ 
0.4300 0.3440: ',:O.:h20 0.000537 'O.3.8? 
0.4100 0.3520', ' O.29I?O' 0,.000475 0.403 

" " 

0.4500 
0.4600 
0.4700 
0.4BOtJ 
0.4900' 

0.3600' 
0.3680 

. "'0'.2849 0.000421 ,0.42). 

, __ 0. 376!L...
o .3840 ' , 
0.3920" 

, ,0'.2.726 0 . 000375 0 .4>\ D 
, 0 '~26i.=.? ___ J. 0 0 033.<1<-__ 0, ._452 _____ . 
.-":0.2504 0.000298 0.479 

.0.2403' 0.000267 0.499 

I . 
O.SUOO 0.40'00. .P,,2308 0.000240 0.520 
O.SlO(}· 0.4U80.' :0',22'18 
0:S200. __ . O.41.6.lL....:~:0;.2i34. 
0·,S3,00 0.4240'."" '0'.2054: 
0,S400' 0.4320 :.' .. ,: ,:0 ... 197.8: 

0:·.0902i6 0.541 
~ 0 • n n 0 1 'l.S ____ O"5b~ __ _ 

O'.,Oe01·76 0:.584 • 
d .. 009l59 :0'.607' 

, ,', : . :', ., 

121l~0 0.5500 .0.'4400': '.' ':0.190'7.' Q.~00114 .0 .. 629 
'120.0 0,5600' 0 .. 4480'·.: ,Q'.1840 G.OO,013i "'0',.652 
120.0 0.S700.·-,-_.QA560·,:' '0.:076. _:O.OOqUL_. _,O.,~676_~ ___ . 
1,20.0 O.c.flOO· ,0,4640; ,,·.··.':U,.171S.' 0.000,09 0.700. 

'l~~,O.!J 0:S850 0.4680'·".', '.0'.{P'-86 ·O:.OOOU)4 0,712 
: ------ -, ._':"_'-- --- .... 7'"..:..--.!..--..,..-:---.:..--::--:~.;.~'~.-.:....:-.-:--.---.----7""-2---- ..... ----:..."<""---

.. ' . " . 
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," . 
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DE~IGN OF QUARlENAR~ ~ANALS 
Based on Critic~l~lrOc~iue Force 
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Q,<l/secl b (M) d (,,) 'V' (M/sec) S· (,',1·11) A (N'2) 

------- - ---------.-------------------;:I-:..--.:...--.---.---.-.;...:...-:.-~---------.-
150,0 0.3945 0.3156 . ·.O.~b3S 0:bOli28 O,3~4 
150.0 O. 40GO.· __ o. 3.20[l--~-,o_A5nZ:.---.O.OOi23~ __ SL. ,3~,L--'-~ 
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DESI~N OF OUAR1ENARY,CANALS 
Ba~ed on Critical TrQct~ve Force 

TABLE.,3 srDE SLOPE = i 2 
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--,--- -.------;---~---'---

'Bo:t t(l" ',Wl'dth/Depth (bid) =1. 250, ' 
(;=r) =0,100 
tTl, =-0.20!)' 
(Cf) =0.840 
(N),~_;;,fi_n2S 

F r ,0 ude 'NuMber 
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Co~~c~~lurl Factor 
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" 160.0 
l-bO.O 

'i(,O.O 
'160.0 

160.0 
160.0 
160.0 
160.0 
i60.0 
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.1f.O ,0 
160.0 
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.i60 .0 
,ibO.O 
'H;O .0 
,ibO,O 
i60.0 

'1 ti 0 , 0 
lI,O . O. 

: .H..dl.O 
lbO.O 
16'0.0· 

0,4064 0.3251 ,O',~L$e a.b01289 0:344 
0.42110 _____ 0 .•. 3360 __ ' .. __ .L436-,-1 __ -,-· 0. •. 00 1 0. 82-_,_..!l.. ~67 ___ _ 
D,4::;'30 0.3440' . O·.Al60 O. O()095'4 . 0'.385' 
O.44~O· 0.3520 O:397~ 0.600844 0.40~ 

0.4500 0.3600 0.3799 0.000749 0.421 
O.46DP 0.3680 D~363$ 0.000666 0,440 
C. 4700-__ . __ .0 • 376!l_--,,_: 11.::" 48,;:.?-,--_----CO .• OOll5£~ __ Q.d.5.2 ___ _ 
0.4800 0.3840 'O:~339 0.000531 0.479 
0.4900 0.3920 0 .• 3204' 0.000475 _ 0.49) , . 

a,sPU!! 0.4000 0.3077.-.. - 0.000427. 0.520 
a.5HO 0.4080 I 0 .~957 0.000384 0.541 
0.5200 . _._ll • 'lin ~ _' __ ' _. D :.2fl.45 _.D .• 00 0346~.0. S6~_ 
0.5300 o I 42L~,J .0 .. 2'/38 0.0003i3 0,58· 
0.5400 0.4320 0.2('38. 0.000283 0.607 

O,SS()O 
0.5600 
1l.57oo 
O. sari: 
0.S9U(; 

0.4400 0!2543... 0.000257 0.6~9 
0.4480 .0.2453 0.000233 0.6S2 
O. 4S6(l.~ __ · _~.O~2:56B-__ ._ j). 000212. __ . .11..67,6"-__ _ 
0.4640 b:~287 0,OOW1?!' 0,700" 
0.4720 ·Of2.210 0.000i77 0 .. 24 

0,6000 0.4800 0:8137 
0.6100 0.4Bno '.O·.:;?·06:7· 

0,000'1.61 0,,7';'? 
0.d00148 0.774 

o . 6~O 0._' .. _ O. 49611 __ ~ .... '-:0:. 2U 0 i,,--' __ 
0.6300 . 0 :~;040 . 0.1'.938 
U.6QOO 0.5120 . Q.:~·878: 

_ 0. I) 0 0 l36 ___ D, 800 ___ . ___ .. _ 
().ooOf>;· 0.826 
0.0001i1 0.8S2· 
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160.0 O.hS64 O,52S1' . O.i78~: U,OObiOO 0,896. 
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DESICN OF QUARTENARY CANALS 
Ras~d .on Crltlcdl:Trbc~lve Force 

-------. -: 

'(b/d )=1.250 . .. 

SIDE SLOPE = l. 

Tr'·(lC t 1 V\? ForeE 
ro~~e~tion Factor 
'Ro~9hn~5s C~efflCLunt 

(Fl') =0.100. 
(T) "0.;~:10 

(en =-0.8'10 ' 
(,") -0 n..,'" .:. , ". "~;;)------. -

" .: . . . 
Gl (.l/sec) 

-~-----~------------~--------------~~~--------------~-~---------~ 
0.::<.'43 0:.4'6'19 0.OO!2S4 V.363 
O. 3';'.I!G.._~·:_· O.:~4.fn-· -'"""7.0 •. 0 O.i07L_~ .3f.i:,. __ · __ _ 
0.3520 ··O·.~~!?· 0.000953 0.40~ 
0.360'0 0.:4036 0.000845 0'.42·1 

170.0 0.4i79 
i70.0 0.4300 
170.0 0.4-100 

· 170.0 0.4500 

170.0 0.46<·0 
170.0 0 . .1)700 

0.3680 ·O·;3~6j 0.000752 0.440 
0;~760 .o~G7ub· 0;000670 O.~59 

170.0 0.4800 O. :584IL ___ j) ;..3542 ___ .jt .. (} o o 522 ___ D . ...51' 7 __ _ 
· i 70.0 0.4900 0.3920 . ,0,3404' 0.000537 0.499 
171J.0 0.5000 0.4000 O.~326.9 0.000482 0.52U 

· 170.0 0.,;100 0.4080 O~3~42 0.000431 n.5~1 
170.0 o . ~i'20 0 0.4160 0: •. 3023 0.000391 0.5b2 
170.0 0.S300 O. 424!L ___ .. G :291 0. __ _ D ~0·0.D·3S3. ___ Jl. SB:'L __ . __ 

'170.0 0.~>4(]0 0.4320 0,2803 0.000320 0 .. 607 
170.0 0.5500 0.4400 O~?702 0.000290 O.{?9 

·i70.0 0.5600 
170.0 O,SiOO 

O.~~BO 0:~60b 0.000263 0.652 
0.4560 ~.~516 0.000240 0.676 

.. 170.0 O.SRUr. o .4640 .. _.,..,.- .. 0.2.43 [L_. ___ .0.000218. ___ 0. ,.7 0 O. _. __ .. __ _ 
170.0 0.~,90l· 0.472D 0:2348 0.000199 0. 7 24. 
170.0 O.6()OO 0.4800 '~\~?7il 0.0~Oi82 0.749 

1 ~'.O . 0 0.6100 0.4880 .1 .. 2196 O.OpOI67 0,774 
:1'7 () . 0 o.«~o() 0.4960 0,2126 o .'000 i '53 0 .800 
170.0 o .noo ~ '" '~or o . ~ 0·1 0 ___ ~ _ .. {} .", • .>'i'. ___ ,0 .• 000 I.4Q ___ O c82·6· ____ ... _ 

. 170.0 IJ • \)·i a 0 0.5)20 0.f99~· O.ObOi29 '0.852 . 
·1;'0.0 0.6500 o 5'>00 '. 0" "'93' • ~ .' ,'.J. ~t O.Opbii9 0.879· 

. , 
.j 10 .0 n.6bOQ 0.5280 . ,.0::1[;7.6 O.O·OOitO 0;906 
·l.7lJ.O 0.6;110 
17.0.0 O.L-.:2~. 

n.5360 . ·()','i:821: U.00010l. 0.934 
o . S~{DO _ .. .: ... ' ,t.;.18.0.{ ___ .. n. O;i 0.0 99 _____ 11 ... 94 1 _ .:. __ 

----~---~~-----------~----------7--~---~----------~~-~--~------. 
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·TABLE 3 

DESIGN OF QUl'oRiENARY CANALS 
Bosed"on Critical lra~11ve Force 

SIDE SLOPE = 1 2 

.. -'-'- -- -'----c.-;-, ------;----------

BottCM Wldth/Drpth' 
:Froude NUMbl!r 
'Tra(-tive Force 
~Drr~ction Factor 
:Rou9~n.?"!; Co"f'fLC1<2n1 

, . 
Gl <l/sI'c) b. (f~') d '(f~)' . V'-.(M/s"c) . S (I~/M)' II (~~2) 

-------- _. __ .. -----:-----------.... -~':""--.-------,----'::"'"-:-----.... -------------:-
lUO.O n.~2?~ Q.3433 ·'O.470~ 0 .. 001221 O.~G3 
180. 0 0 • 4 ; Oll _ .. 0. :{S2.fr, ___ -'J] AUIL . :Ii .0.0 i 0 60 __ . o.~ 1Q;L . ____ _ 
189.0 0.4500 0.3600' 0.427~ ·,0.D00948 U.42i 
180.0 0.4690 0.3680 ·~.4G9D :0,000843 O:4~O 

j 80.0 
180-. {} 
Hi!) .0 
180·.0' 
1ElO.O 

lEW. 0 
18 il .0 
iOO.O 

'. WO.O 
180.0 

HIO.O 
·100.0 

1811.0 
180.0 
180.0 

HIO .0 
HI ,I . a 
100.0 
180.0 
180.0 

O.ft.70{l 
u.4~~OO 

O.49CL_. 
U.5000 
O.StOO 

O.S2DO 
0.530a 
0.5400 .. __ 
0.S500 
0.5600 

O. S7.£lO 
0.5800 
o ,59'0.0 
(),6i!OO 
0.6100 

O.~760 '0.3'1113 ·O.0007S'\. 0,459 
0.3840· 0.3756 ,0.000672 0.479 
n • 3'J)2n_~._",~·O. ~6nA,--__ ..Jl~.D 0 060"'? __ 'O~I.!l2::·. __ _ 
0,400'[} '.0.3'462 '0.000540 O.S;C" 
0.4081 0.3327 _' 0.DO~486 

0.4.160". '.'0.3200 D.llOO~3a O.~(,2 .. 
0.4240 ·0.·3081 0.000396 O,Sh~ 
;}. 4320-..' __ /.0. .. 296.3 ___ .0. no 03SL __ O., ' l. l ____ . 
0.4400 0.·2061 0.000325 0.~:9 
0.4480 '. 0.2)'60 0.00025'5 O,6~,~ 

0.156DO.2664 0,000269 O.67h 
0.4&.d 0.2572 0.000245 0.70D 
n .4729_. __ '.: .. 0.2486 ___ 0 •. n 00223 __ ._L n.'L __ _ 
0.4800' 0.2404 0.000204 ().749 
0.4880 ,0.2326 0.000187 0.77, 

I . , 

0.000172 o.SOO 
0.~OOi57 6.826 

0;6200 0.496,0 ,.'.: 0.~25i 

.0.,,-011 0 i45_._0 .852. _. __ 
0.000133 0.879 

o .6.~OO 0.50'40 • 0.2tBO 
0,640-0 ... _ .. 0. Si2L_'_·_:_:r.. ;:~ii.,3 __ . 
O.65Uij 0.5200 ::. O.2ll4!3 
0.6600 0.528Q .: '.0.1987 O~UOOi23 O.90~ 

!fIO.D 0.1>7·00 0.<:.:'60 ':.,.0:1928 O.oOCH:>'· 0.934 
1BO.O ,0.b800 O.S4,\O O.i8?2 O.C·ll·OiDS 0.%2 
\ :3!J .0 0 . L8nD ... 0. 55 u~ __ ...... : : .. Q.~if;2a .. ___ 0 .. 0.:0 0 G.?8 ... ___ . ..l!.; 9'DS _._. __ 

------- -... --------------- -----I'""'-...:~-: .... ---:--------~----.-------- --- .... ---

- . - -. -----. .-: .-~------"~ ~-- •• .!. ~-•• -.- -

, . 

:- . - - i .... -. 
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LAM NAM ,ODN 
]:N·l·I~~(~RA·rE:D RURAL »I~VI~L.QPMENT F'R03Ct:T 

. I... 0 U :!: ~~> X·:{f;;: 1'<: c:: I;::i~ _ .:!: N ··~·.liS RNA TID l~ A L._ .I N C .. - --.. -. 

,. tAl~LE:. 3 

. . 
PESIGK OF QUARTENAR~ CANALS 

Based on CritIca] Tra~tlve Force , . 

, 
•• Ie 

SIDE SLOPE =- i 2 

BOjtOM WIdth/Depth 
Proude N.JMber 
TrdctIv02 Force 
Co~rection'FactGr 
R'oughnass Coefflcient 

(b/d):;1. 25.0 
(rr) =0.100 
(T) :;0.20-0 
(cn =0.940 . 

. .. . .. 
" " (U f..-...;:ll""022~S~'--,...,...:..,....:-~:.-.:--.----~~---·-....:--'---. ',; . 

" 
.. Q :O/sec) b (N). d (1'1) .. :~ ·t,,/s,;C) . S (1'\"/(·1) . A Ul~2) 
~------~ ------- ----,--_."';"-------.-..;-_ ... -..:._-_ .. _-:--------:-..: __ ._----,----: . ..:...-- . 

190.0 0."4399 U.3',;20 . ,ir.4·7~Q O·.OCU'.~1 O.4Q3 
i 90:.0 0.450 iJ. _ . n. 3600....:._-.:....:.._:n..~."~iL 0, Q.01056 0 .• .1121.. ___ . 
is'O.O 0.4600· 0.3680· '0 .. 4317· 0.0·0093·9 '0.i)40· 
190.0 0·.47011. 0.3760. 'U;1)135 ·0;00013:37 .O!"fS~O 

·l.4SCO 0.3840 '. ~.:59b5 0.000748 0 •. 79 
U .. 4900 0.3920' ,o',,::aps O,(;n06i~i O,}')19 

o • ~nO(l_· _ .:r)..AnOll~~~.-q'..:sh54!1.-_-..Jr...: 0,O.o60,;..?_-,,0_, ·,:.":J,'UL-__ _ 
0.5100 0.4080 .0.3C,i2 0.000542 O.··)·<)i· 
0.5200 O.4:,6il :0.3>76 0.000488 0.562· 

0.5301) 0.424·0 Q. 3252 
O.S4D~ 0.4320 ':3133 

0.000441.._ 
0;000:59'1 

° . saL, 
0,607· 

11.5500 ... ___ £1. 440lLO _-,--,-_.!L . ..3U20! ___ JL OO1l36L._ L6;:'i' __ 
0.5600 0.4480 0.29i3 0,'000329 O.6.S2 

p··:2Bi2 0.00·0299 0.:;16 0,570 Q. O.456() 

0.5800 O.4C"<\()., 0.,2715· 0 .. 000273 0.700 
0.590D. r,·.4720· : 0.,2624 0.000249 0.724 
o .600 (). ~-_ .. _ Q..!I8 0 fi. _...;....uO~.2532 ____ -1l. G OJl228 __ -'1...Y.~,9. ___ _ 
0.6100 0.4880 0:2455 r.00020Y 0.77. 
0,620;.. 0.4960 d\2376 0:000191 O.BOa 

• I, • 

0.6300' 0.5040 . ·0.2305. 0.000,75 0,82,,· 
0.6400 0.5120 .' 0,,2230 o.boQ·U,i G.th.;: 
0.6500 . ..,._ j\. 520·11 --'c .. -:-.. O:~i62.:..-_(L ~'O 014.2..._: _O.cW/~ ___ ~_ 
0.6600 G.52~O r:2097 0;000137 O,~eb 
O.670n 0.",3&0 ?:.;203S 0.000i26 G.·,':;/) 

iYD.O 0.6800· 0,5440 ft.1975 0 .. Onoi17 ~,Y62 
, ' 

191).0 0.6900 0·,<:.520 ,. 0·.19,1-9 0.0(;0108 G .. 99Q 
i 90 .0 0 . 7·0 n 0 .. _. (1.5600.- ..;.._. _ .. ·9·.::i8t!.!L ____ D.: iJ riG iOil_ ... i ... O l. 9. ___ . 

. 190.0 0.7031 0.5625 O:i8~8 0.000098 1.028 
-.-:"---- .~:-....:.------------:-----;.....----'_;o_----_;_~:....'--=-- .... --:_--':---.... '_---'-.--'-:...-.--

.' .. , 

.. " 

'.-- -. - .. - .. --------..:..------ ------_.--_.--_.- .--~~~ .. --... 
.. 

.. . . 

. .. 
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, , 
D~SlCN OF QUARTENARY , CANALS , 

BO!:;'l2d on Critical .Yt"Q:c:~ltJ·L~ ~ol"te 

TABLE :; Sl1~E SLOPE = 1 2 
---- --.-' --" -------_. 

~.t10M ~ldth/Depth 

,Fl'",udt:' NUMbl.!l" 
Trl).c.1.lUe'rOl"ce 
Co~rac~lon Fnctor 

'Roughness CDRfflc~wnt 

(b/d)=L250 
(Fr) o-O.10U 
(T) =0.200 
(en =0.840 
(Nl . =- U_ll:2S-._..,-__ :---_____________ , ___ _ 

'. 

Q: 0. I se c ) b ,(,,) d (M) ,v' (i\1 S~ c) S (MI ,'I) A (M' 2) 
_._~ __ • ____ ..... ___ • ___ .:.. ...... ___ ' _____ • ___ .:.. ____ • ...t. __ .:._ .... ________________________ _ 

. \ .', .. 
':200.0 0.4505 0.360·,' ,U:4738 0.00'1163 0,422 
',200.0 
:20n.n 

2£0.0 

200. n 
200.0 
200.0 
200.0 

',200.!) 

200.0 
200.0 
200.0 
200.0 
200.0 

:211 0.0 
'200.0 
200.0 
200.0 
2U 0.0 

200.0 
20U.O 
200.0 
200.0 

,200.0 

.2tJO.O 
;'l;),O 
200,0 
,200.0 

0.4600 0.36811-. " D~,4··>;4 ... ___ n. 0:0 i 040._-.:.QL!l4 0 ___ _ 
0.4700 0.3760 O.~~~3 0:000928 0.459 
O. '180(: 0.3840 ',0'. ~i'i j 0.0'00829 .. O. 47.'}' 

0,1900 
0.5000 
O.S'~O 
o . 5;·; II 0 . 
0.5300 

0.5400 
0.5500 
ll.S6'00 
O. !:j'C' 0 0 ' 
0.5[,00 

0.5900 
0.6000 
0.6ioO 
0.6200 
0,6300 

0,6400 
0,6500 
0,6600 
0,6700 
0.6800 

O,h90iJ 
0,7000 
0.7100 
0,7177 

0.3920 ',O'.~005 0.,0:00743 0'.49<" 
0.4000 ,t;:.:'l'tl46 0:U00667 '0;52:.', 

,0. 4il8fl _:-'-': .. 0 ;,3691 __ -,:-"O~. rio 06QL, ~.lLLS4t ___ _ 
O.4J60,U.6SSb 0.0:IJ05-!li 0 .. 562 
0.4240 . .'.' '0'.,3423' ~.00048S' _·n,S84 

0.4320: '_c .. :: &. 3297 '0.0',0 G442 ,',0'.607 . '. 
r,. 4400' 0:.:'3179' 0.0'004'01 0.629 
O. 4'lrJ!l_-,-__ {l: 3066_-,-_' .LQ'O 0364 __ ,G 652-:. __ _ 
0.4560 0'.2959 '0.0003:;2 0 .. 676 
0.4640 O.?8SB 0.000302 0.700 

0.4720 
0.4800 

. 0.276'" 
, 0 .'2611 

0.000276 0.724' 
0.000252 0.~.9 

0.4[\80 .. _' _-.1l,2,;fl!l ... ..:..' ___ .fi. Q0023i __ . ..Q.£1.1, __ _ 
0,4960 ' ,0,2:,01 0.000212 0,800 
0.5040 0.OU0194 0,026 

0.5i2J ,.,0.2348 0.000179 0.852 
0.5200 O~2276 0.000165 0.R79 
0.5280_'_,---,,0_ 22. UL7 ___ 1L 0 0 01.S;~ .. _0, :06,. ___ _ 
o . 5:, b 0 '0 • .';~'1 'l2 0 . 0 0 0 1 'l 0 0 . <i' 3 ,'\ 
0.5440 "_., 0;2079 0.Q0012~ 0.9&2 

.. 
0.5520" ,0.2020 0.000120 0.990' 
0,5600 ' ',0' .• 191,2 ' 0.0011111, i. 019 
0,5680 ... ...!'--'- 1l1i9,UL7_.,--,-.!L 0,00 i93.. __ i. 0'49_,--
0.5741 : : O'd'S6? O,OOU097 i,071 

, " 
--~--- __ -___ .-__ -_____ ---------------4~---------------__________ ~_ 

, " 

------- ,---' 

", 
, , ' , 

. . .' . 
, , 
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"DESIGN OF QUM',TENAR'Y, C'ANALS 
Bd~ad on'Crltl~ai i~~~~iM~ 'Force . ... '.. . . 

• '. .',' I' 

~. " 'I" .' . 
•.• '. 1." 

-' , " ' 

, , 

, " 
" .. 

S~DE SLOPE ': :i ':. 2 

, ' . '. . : : ',BottON' lJ1dtfr/Depth 
. F()Ude' HUMber' 

,,' ) i "SI ' (')./d = ... 0, 
(rr) =~.iGil"'" 
('0 , ~O.2~!l 

'" , 

, : T/'aC11ve Forc'e " , , 

: Correc~lon Factor 
. 'R.D~Qh~f!6·u. Cocff.!c.ient 

(en ~O .840, 
(~l) : 0._ uzs.:._--,,---,,"':', .:.,' ,;,-' _, ~ ___________ .:......:~ . 

, ~. 

.. : 

I 

, , 

, , ' 

Q ,< l/st'lc) d (I'l) 

-..:..-- ---------------------------.l...--.-.-"7---~-------_;--'-----.,...--- ..... ---._--
2kO,0 

2iO.0 
210.0 

2l 0 ,0 
2iO.O' 
:~t 0 • 0 
2;0.0 
2jO.0 

210.0 
210,0 
210.0 
2tO.O 

: ,21,0. U' : 

: . 2'10',6 
.' 2tO,O' 
: 4 iO .() 

" 210,0 
" 210.0 

. '2j 0 • 0 
'. 2~j 0 • 0 

21'0.0 
:.; 2j·0.0 

. 210.0 

, 21 0,0 
210.0 
210.0 
21 0 , n 

,21 0 . 0 

0 • .46Q7 O.~6860','4756 0;,001137 0,-/;';2' 
o . 4 n n __ n _376.0 ---:--,--' -'...' ,q .. AS2IL __ lLD 0 ,t.D.23._-----Il....:,;:;, 9 ___ ' _ 
0.4800 0.3840 0,4382 0,'00091.1\ O. ;:':-;9, 
0.4900 0.3920 p'.420S 0.000819 0.499 

0.5000 
(1,511)0 
0*5200 
0,53f:O 
0.54UO 

0.550D 
a.S600 
0_ 5:' 0 0 
o .. c,!)t,O 
0.5900 

0.4000 ci.40is· 0.~00735 0.520 
0'.4080 : 0 .. 3882 0 .. 000662 O.S'~i· 

-- g:!~~-,'-:-, '-~~'~~;;4"-;-----'1~,~~~~~~...:.'-..JJ~:{~~ 
0.432U' ~.3~62 0:000488 0.607, 

, 
\ "'" 

0.4400 ' ,:,,0.3338 .... _ .. 0.:000442 0.629, 
0,4480', ',,',0..3219 0.000402 0.652', 

:_ .. 0 .456Jl,', .. .-: :n:;~i.!l2:-' __ ._JL.pJl 0:166 __ 0 .. 676. ___ ~,_._ 
0,4640", '0",::;001' 0,000333 Q.7Cc,' 
O,47:eU." .<0,:29,00 0,000304 0,'72:·' 

. '.' I. . .' . 

, ' 

0.6000' 0,4800 ,', ,,[r .. 28~4 0,,000278 Q,74?, 
n.MOO", 0.4880, ': ,~,.27i3, 'O.pOO~S5 0:774 
[l. 6;,0 0, .. _ ll. 4,96L_',_' _:..o~Jl",:2.62L_' __ fl .. 00 o 2.3 L-_Jl, PO 0,---__ 
U,6~,Oe'- ,",5040 ::: il;2'~!l4 '0.000214' 0.826' 
0.6400,,' 0.512,0 "[}',,'i'~65 0,'000197 0.352, ... " .'.. . .' ..' 

, ' 

0.6500 '0,52(<1) ',0;,239 .. 0 0"Q00181 0,879 
0,6600", {) .5280'" '" ;ll.'23l.S : 0', ()[iOib!J,' '-0.9,06 

,0.6;' 0 0 , __ ,fi~ 5360.. ", ..:[}_;'22.i'!'i'z,..,---' ..lh~OMl.l,S_'! ___ P, ... £YL 
0,10800', 0.54-i0". ':0:,2182> 0.000143 0.962 
0.6'900' 0,5520 "0:,212'1 0.000132' O,99[), 

0.7'.000 
0,7100 
0.7:::'00 
0.7300 
0.7318 

0.5bOD "012060' 0.000122 1.(,19' 
O.Sb8{) '0,,2003< 0.000113 1.04'7, 

_:_.Ii .S76O: _":"'_' ;O.'"i'l4Sc:-: __ .. .11. o GOi,OS_. __ .1.._078 _~, ___ ,_ 
0.S8'10 ,. '0,,1895 0.000098 1.i08 
O.SOS~ b,'IBBS 0,000096 1.114 

I ' ' -:---:-- -.-------- - -_.- --------- ---\..;--:.--r--,:~-.-----------------:----~. - ----
" , 

.. 
I I' .' 

- .. ----'----: T--' ---' ------, -----~ -_ .. ---,
, ' 

I -. : " • . . .... , 
, i,' " \ . :: .... , " 

, , ' 

,I \ ! '~'." :.\ •. 
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" , , LAM r-:.t AM,', ' Pc) N , ' 
"],NTr:,:GPATED I~'UI~AL Dr:i:,VE,LqPMENT PI~D:fECT 

L D UX ~:> X·:~ EI~ G F I~ :1: ~nA:,I:<: NAT J: O-N'AL _,J.: NC 

D[!,Ir;N OF (JUARrEN~flY:'C{)N~LS 
Ba •. e,d ~n Cri t12Ql,:T,r,~d'lv,c ·F.orce 

• .' I • 

', ... '.' 
, , .. s.rr·E'SLOPE '" i . 2 

, , \.' '," .' . . ._---,. -;-. -,--:----;-- .. --~-, -_._--------
. .- •• I • , : • 

, • 'i<(),t:t 11M. lHdth/Dep 1 h 
.,- r' 0 u !l e,: N i, Mb cr' 

(bl,d)=1.2S0 . ". 1/. ~. 
(Fr') :-- 0 , i 0 0' .: '. ',' 

. , 

: T ~QC t 1 '1,1 (~ , F 0 7' c: t"l 

r;(J:rrl~C:'fl on f-OC'i or 

, ' 
(1) -0.:;00 ,'," 

. ( C f ,) = 0 . 8'1 £I ~.. :::, ' 
';R~lJQtl~~SS Coef{lc~eni ( N ) . = 0 • Q::: S. ',--,c,.' ",' _. ---,;' ,...-, _-'----;----'-_ . . . 

'I '. • . '. , '. 
" " 

. , .,:,: L':.:.:.. : 
.:; :.-::Q (l/sgl . b. (M).' d (1'\) .. ' ·V"·(,t.\/sej:) S .(11/«)" A·.(1'I'2), 

-- -...:-- ---.:.- -....:- .... ---:-----:- . __ .- :---~7-- .... _:-!:..:..!.....:~--------.... .:.-.:.:------.-~---:__..:. 

.. , 

. ' .. 

, 

.. 

, .. 
, . . 

. 220.0 0.47('7' 0,3766', 0',.4773 0,00i113: 0.461.:. 
.' .. 220.0 0,.4800.' ,,,._ll.3840. __ ' __ :.,ri;'459L·: fl.;001ll,0.3,_~(L.479_· _. __ 

220.0 '0'.4'900:' 0',3920'" ',0;4405: 0,000899 0.4'99' 
. ::.220.0' 0 .• 5·0,DO 0.4000~. ,; :~', •. 423i. 0.-000807 0.520', -' 

, ' , 

.', 22·{}. 0 0.S100 

: 220.0 0.5200 
"' .. {J.'4066 0;000726. 0.541 

.. D;i91~ 0;000655 0.562 
220.0· 0.5300 

0,4080 
0,4160'· 
o .4'24IL 
0,4320 
0.4400 

, ' 20:... 371>"::>. ___ .11.,0 0'059.1-'1.L58-:"I ___ _ 
"~;3b2? 0.q0053S 0.607 · 22n. 0 0.5400 

.22'0.0 0.5S00 

I 2~) 0 . 0 0.5600 
220.0 0 .. 5700 

· 22 (] . 0 0,5800 
.220.0 0,5900 
.220.0 0.6000 

:'220.0 0.6100 
220.0 0.6200 

.220.0 o .6300 
2;~(J . 0 0,64.0'1) 

'220.0 0.6,S00 

'.220.0, ().bboO 
2;;'Q .0 o .67'00 

· 220.0 o .6800 
2;~O • 0 0.,69,90 
'220.0 0.700.0 

0.:.6497 0 • 0 ~ 0485 0'.629 

0.4480; 0.) 3373 ._:... 0.000441 0,652 
0.4560 ,0,.3255 0.000401 0,676 
o . 464fl_, ___ Jl .3n.4 ___ .0 •. 000·366,---0.700.-__ _ 
0.4720 . '0 .. 3038 0.,000334 0.724. • 
0.·'l'800 .,.' 0.2?38 0.000305 0.74'1. 

0.4880.- __ 'J." 'll "'28 Lf2 O. ()0.0279 Q; 774' 
0: .. 800' 0,4960 .' .: ;(l'. 2752' 0', O,() 0'256 

O. SU4ti .. ·{L:2r.16"S~ __ O ,'0'0 0235 ____ 0·~fF?( _' _' __ _ 
0.5120 .' I' ·0"f)SS2' 0., l)·0·0216 0 .,8'S~~: 
0.5200 .<',.:·?::;~,~·(]3 .... : __ d.0,00i99 0 .. 8;19: 

. ' . 0'. S:180-". : .'0:'-'~42~?, :- . 0 .:O·O~0·184 . 0 : 906, 

. : 0 . .5.%0.' '. :.0,(2356.: 0 .. 0.00169, 0:934\: 
" .. 0. 544IL_·· __ ';"0 ,022137 __ ' ___ 0 .0·0 0157_·_":.0 ._962:~_, ___ _ 

O.SS2Q. ,:·,.-·q;:;;~.222. 0,0'00145. 0.990 '. 
': 0.56.00 .. :_,:·.··Q •. ~i5S', O,QO()i34 LU19,' '\ 

. .,~. . . \ 

, . 2;~O. GO. 7iOO ,0.50;80 .. :, {i'_~098' , 0.000124, 1'.049 : \ 
. '. :220.0· 0.7200 .. 0.".760:-·, :O',./~040,' .O.'O·OO,US· '1.078 \ 
'. :·~!20.0 0.7300:.0.58'40:-: :';:o_-:"fi.) .. 9!3S,.'· ·Q.:irOO1.07':"'_· ___ i:i:OS· ___ ·_'_'_ 
: "220.0·' 11.7400 . 0.5'/2,(l .", ,0"'1932: 0.0'011.100· 1.,,'39" ' 
" :·22U.0 0.74,5,:) 0.596{ '.:,0.;:1-903,,' 0.1100096 i.i?6 
-'-.' -.----------- ------- ---------... ----.... -; ..... ~--""":----------:-:-----:-------: . 

· . 
· . ' 

L 

.. --,--"~-'-'~~ . . '---'- ----------------_.-

.. 
. , 

, ' 
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' .. : .i.~AM NA.M",·'C:>ON . . . 
:I::N T &::: C 1'< ATE ]()' 1'1: U i~ A L. . n.!:::.·':"" E I .. : (:) P}1 E: N T P P D:r ~;: C "r 

, I': .. (;) U :1; G X':< I::: B'< t;·i ,:;: R ... l: .I~.'T E '1~:' N A. T l: 0 i>~.(~ L.:-' I. N C - --- . _ ' .. ' .. " 
N S I r.N OF QUART-ENARY :CA~ALS 

Bas.:>d .on C1'ltlc;a~ :T'(,~'c;ti~e. Force 
,'" . 
" 

.. .; . 
• <-

.. -. ,_ .. _--- ----,--- '-'-----,--,-------,-_._---
, . 

· : :l<~t'tIl1'l ·~J.i.dth/D.:pth 
: ·;Fr.outl~ NUM~er 

(b',/'d) =1. 2Sn' 
(Fr') '=0.100 
(T) ~!~.200 

(Cf) ~," .. 8'10 
(/0.11--.'-'.11_0:25 

, , 
. , 

.; . , . 
· ,T~ottl~e'For'ce 
.' :Co'l"r"ct'ion Factor 

R(JughA~GS COQff~cient 

· ' , 

. , , 

. '. 

, . " 

, , · ' 

. Q <l/see) b (M) d (,,) iJ ('M/see) . . . . --:-------------------_ .... _-------.---:----:'_ .... _---:':"'-----------~-------:---. 
,230.0 0.4805 0.3844 O:.47B~ 0.001091 0.4BO 

230.0 0.4900.: _____ 0·.3'120 . O;/ibf':', O.OOQ282. __ .L4'i,? __ _ 
230.0 0,5000' 0.4000 . 014423 0.000882 0.520 
230.0 O.SiOO 0.4080 .. '0;.4251 0 .• 000'794 1).54i 

... 
~30. 0 
230.0 

.' . 2.>;0.0 
230.0 
23() ; 0 

230.0 
22;0 .. 0 
230.0 
230.0 
230.0 

230.0 
230.0 
2:.>n, n 
2:50. u. 

.'. 230.0 

: 230.0 
. ::::,0. 0 

2:50 • U 
23 () , 0 

: 230. 0 

0.S2()(). 0.4150';," ij.:4u89 0.000716 0.S6? 
0;5300'. O.4:;:'~() :0: .. 3'137 0.000646 0.584. 
n. 5i\O[J.,.~_ n..,43?fi· " .1l .. .3Z9L?---'_-"O~ aO.n5B5L_.....:uO.LbJlJ.,7..:· __ _ 
0.5500 0.4400·' ," 0':3(,55' 0.000531 .'0.629' 

.O.S600 OA'l8n .. '.:·.:,O:::~S26· O.UOG·tB2. G.6Se.. 
-' , ' , ,~ . 

0,5700' 0.4560., ___ ',0.3403 0 .. 000439 O.f,I'!, ,_ .... 
o.saoo' 0.4'640,"',: q.'.:3287 0'.000400' 0.700. 
o . S9fl fl. ____ . fl. 472D-_' ,.:....0 ,:u1.L.7---c __ · .n...:O 0 036';i __ :"'~.O • .721.:...._' _. _ 
0.6000; .' 0.4800·',' ,.'0:.:3072 0,000:;)34 0,74>' 
0.6iOU: 0 .. 4[;.80.: :·: .. .'Oi~972 . 0' •. 000305 O.77~. ,. '-. .. 
o .62{h"', 0.4'9£.-0':, ·.:0;'28;'7 _ 0·.'0002t10 0.800 
e,63C:; o.sa.in .: 0:,278:, 0:000;0',7 0,826 
0,64 n or . ___ o. 5.1.2.11..'::;"·._)!- :,2.70·JL _____ .0 :00 02:56.. ___ 1L as 2 __ _ 
0.6500', 0.5200 .' o.2bi~ . 0;000218 0.879 
0.6£'uO 0.52cHl.'.· 0';253<1. 0.000201 0.906' 

· , - . . ', ... 
0.6700· 0.5360.' . 0:.2463 0.00018S 0.934 
0.1,8i)0 0:54"13',"0.:2391 0 .. 000i71 0.?6;~ 
o . o9UO. __ ·. 0 .'S52n......:...·_~ _ .. ~D. 2323...'_' __ .0.000 l. 5.6 ___ 0.".,?9.0':' __ . __ 
o ,7000' 0 .56 a Ii ' ,':'0: ~ 2257 0 , 000 i 47 1. n 19 
0.710D 0·.5689 ' .... '0.·2194 0.000136 1.[145' 

, 
230.0 0.7200 0.5760 . 0.2133 0.000126 1.078 
230.G 0.7300'.0.5819 .'0: .. 2075 0.000117' i.l118 
230.0 0.7400 .' .. _ O.SY;~lL~-!.-.. __ [).'~2.Ui9 ____ : ,00010_9 ___ 1Ii:'t~ _____ ... 

. 230,0 0.7500. 0.6000.: " 0'.1966 0.000101 1.i70 
·:23U.0 0.7589 0.6071.' dd.920' 0.000095 1.198 

.;. ..... ------ ------.----.. -------- ----7·-~-_:_·-i~.:...--::.... --------~- .... ---------~- - .. 
. . 

,.' , . 
, . 

. .-:.... •... :i, __ ,....-., ,_,.!-.:.. ....... _, ____ .• ' _____ . ________ . __ . ______ _ 
.' ' , . ',',:' ., 

· .' . 
. . 
, . ci~r:-F; 2: ' . · ' · . 

, , , . ~ 
'. " , .... 

, ". I, 
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. . l:.. C) U :I:~:> . )(·:n::: I~'(;;''';: ,~."~.:.:[ N·j': ,~;:.!~~:N·AT-I ONAL··.-,_J: ~~':'~ ., . 
" .. ';..... . '. ----._-

. DES I GN or QUARTEti!A~\': :CAN,ALS: 
Bused 'on CrItical TraE(lv~ .Force 

. . '-' 

SIDE: 'SLOPE = I. '2 

BD~toM Wldth/DapJh . eb/d)=1.250 
Ffoude ·NuMber· . eFr) =0.100' .. 

. TracfJ:ve ForCE! . (T) ,=0.200 . ' 

'C0r~dction Factor eCf)·=Q.84D 
R 0 U ~ j': ;"l:e 5 s:;: Co e f' f' .i. c 1. ant (!.:) '~~.fl ... o.'::?'::'\.;-":--__ --:-~-,.-_~ __ ~ ______ .:...-__ _ 

; . 

, . 

· ': 24r. 0 
:24 G •. 0 
·240.0 

2 Liu.O 
'240.0 

· :240. U 
· '240 .. () 
: .240: {) 
: '240.0 
· .240 .. 0 

240,0 
240.0 
240.0 
24'0.0 
2'1,0.0 

240.0 
240.0 

· ;'!41l. 0 
24U.O 
240.0 

, 240.0 
, 240.0 
: 240.0 
24g.0 

.240. O. 

" J . ' • " 

0.5300 0.4240 .. :." :O;.:4J,08· 0.0'00704 O',~··.:4 
0,5'400' O. 43;!0 . : .... ,0,3957, '. 0.0:00637 '0·, £-.07 
o .5500 ·_.~ __ O._4.illn_~_' _·..iJ:':3£l.\4 . _Lj)'o05.7.8"'-_--'0"-,.b.~.J..'l.:...· __ _ 
o . S60 0 .' 0 .44'80. ' . 0·1.~1:.79·. 0.0.00';;25 0 .652 .. 
O.~,70Q .. 0.4560 , ..... :'0':·3551. ~ __ .: __ .. 0.000477 0,61'6 

IT.S800 
O. S900 
0.6000 
0.6l00 
O.62UC 

r. . (,30 O· 
0.6400 
0.6500 
0.6600 
0.6700 

o .68.00 
0.6900 
0..70.0;) 
0.7\00 
0.7200 

0.7.3UO 
O.74QO 
0.75UO 
0.7600 
0.7700' 

" . .' . ,. ..' 
, . 

. 0.4640·.- : .,0',.3-47<0 .. _ 0.000435.- __ Q,700 .. : 

. 0..4720 . : .. 0.·3'31'5. 0.0.'00397 0'.724 

.... - .Il. 48·QIi..._· .:.. .. :n ~ 320",,5_' ·'-----.:Jlo .··oO.·OO-003;3.3633_'-~-oO .:·?7'74. ,~,----
'. O. 4B80'" '0 :~i.Oi' , 

o .49(00 ~,3.ooi· . :0.·Oo,030S 0.[;00 

'0.5040. . ·.·O:·F907:·. 0.000280 (:.826. 
'0.5120 '·0.:2817' 0.000257 0.852 

_. 0.52.00_.:........'-_ JJ .:2·232.1 ____ .0 • 00 02.3:' ___ IL 8;",' ___ _ 
0.5280' G.i649· 0.0002iG 0.906 '. 
0.'J36U 0·.2570' 0.000202 0,9]4 . '. 
O.S4~O· O~~4~S 0.000186 0.962' 
0.5520· '.' 0'.:;::4.24 0.000172 0.990 

:._0 • 56!l !l.._' __ ' __ n:; 23 S 5,,--__ ... n •. 0 0 0 i 6IL __ L_0 i 2. _____ _ 
. 0.5680 O.~209 0.000148 1.049 
·0.5760.· .. ··. 0;2226 0.000137 1,078 

t ',' 

0.5840 O,*~65 0.Oi012B 1.108 
·0.5920 . :U.2107· D.OO·01~9 1.139 

_,0. 60nn __ ' ...... ~O .• ?.'O:5"'·.1'--_· __ ll •. OOfiHL_L P07:-- _ 
0.6080' '."0'.1998. 0.000103 1;20.1· 

: 0.6160' ;, :0'·.:1:946' 0.OO:009~ 1.233' 
. ~ . :".: . 

· 240.0 O. 77:!0 "0. 6i76. 0.1:936'·' o. 0.0·00'i'5 i, 240: 
--~~-~------------~-------~-----~-~~-~~--~~----------~-----~~~---.. -. .. --. -"---.-=-:-, ---:--...... :.-~. --'--. -'-:""'-- ...,....- .. _-----:- ... -_.- .. ~-

'. " . ",,' . " '... . .. :, .. :' . 
'. " ,r ,,: .': 

: .' . : 
." , . 
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. . : ,'LAM NA·M.':'bbN 
:I:'N ;1' E G Ix A T F D I~ ·l J H Ai Jt) I:;' V'I"" I' n I" M F NT· P IX n .. :r F C' T 

: . i ... :ou:a:~:> '''It':{EI~ £:;E:!;~ :':.:i: i,:.(i·:!;:~i~~~:';"j'.J:.oNAL_...INc...'~' _':-,." 

, DES;IGN: O~ QU"\~T.E:N:~RY· C~~AL5 . 
B~sed'Dn trltiia~ trac~lv~. Force : . 

. " '" . 
. ' , 

S'IDE ·Sl.OPE = 5 .. I -2 
, " 

- .. '. 

, -~ . 
, , BO~10~ ~id1h/Deplh 

Froud" NUMber 
: 'T'racti'v" Force 
C~rrjotion Facta~ 

·'R;oughn·"ss CO",f'lCi",rit 

(bid )'=1.250 " , .. : 
(,Fr) ~O.100 ... 

; 

.. 

, 

: 

, 

(T) =0.200,.·· 
(j::f> =0.840 

" . . (Nl ' =a..,,o;?,,,S-:-. -:-.:-". :-. ~: .:-'-;-'----, ____________ _ 

, . 
.. 
.. 
! 

; 

, 

, ': 

Q :,<.l/sec) b «(1) d (n) .. :V :(·~",i~Ii!,c.>. S ('/'l/M) A (M~2) 
-~----------------------------~----------------------------------

'250.0 
250.0 
250.0 
250.0 

250.0 
250. D 
250.0 
250.0 
2S0'.O, 

250.0 
2S0:,O 
2S0.P 
250,0 
250, O. 

2S0,!!' 
250,0 
250. O· 
250,·0 

, 250,0' 

2S0.0 
2':,0.0 
~SO.O 
2~i 0 , 0 
250.0 

2S0.0 
. 2.50.0 
.250.0, 
: 250.0 ' 

'·20;0.0. 

0.3995' . n ... ·4820 0:00'1049' 0.-51,9 O.499~ 
n.5100· 
O.';j20n 
0.S300 

, __ .ll~ 4 n 8 ,,-0 -,--_'_fi:",4&2 ... 1 ___ [l~D n 0 9.3a --11,.56 jL_' __ 

0'.41.60 . '0.;.114,15 0.000845 0.562 
o .·l~~1;O q .. ,4S?9 0.000764,0.584, 

. ": 
0.5400·' 0.4320 \ . : U·.'4J.22 0."000.691 0.607 

'O.·S500· 0.4400.:.: 0;::1'.>'73 0:.000627 0.629 
O,5bGC)" __ .!L448tL_·_'·_· .Ji,,~3l:~53.:>. __ -,·_' fL:U.OOS.I:,.9L __ '..lJL,6.S,.<;? ___ _ 
0 .. 5700' O.4S60.-.'" O·:.3~"i9 0.,000518 [J,676: 
0.58'0·0' 0.4640, ' .. ', 0';3:;7.3 '.' ''0 O.:OOO~~72 .: 0.700, 

, ,'. '\'\' . 
n.590Q· 
o . 6000 
O. bion --'_ 
0.t'.20Q 
0.(,'.300 . 

0,6400, . 
0,6;;00 .. 
0·6600'-:-'_ 
0,6700 . 
O. b",nq 

O.4,7211.'.'" ,:'. :V"t·:"~,53 1l.:UOO·Hl, " 0.72')': ... 
O.40U() .::. ,~.;;";39. 0;.000394 0.749 
[I.. 4880'. . , fie, 32:HI_' __ ' ,0 .. 0 0,0 36 ..... l _'_0 c7.2~ __ ·· 
0.4<;>60 '.- .. ' '0':352'7 0,:0003.51'. 0.80n, 

.0'.5040 :,,:.: iJ·.,31.::~8 ' 0 :000'304 0,,826 
... , , 

O.~12Q· .' :- h~29j4 0:~00279 'O,B52' 
'0 n, 0'0 " '0" "845 • .'f,.... , • '! '0 t. 
n '. 32 80, _' _. _.:ll. ~-?25,5!:,--_ 
I), 5360 ,~'. 2677 

0:000257. 0.879 
0.0 a 0232 __ ' .L·,'i' 06..:. __ _ 
O.OO,02i'9 0.934 

0.5440 '.: .,' Q' .• ·2S~1.9 , 0.000202 

0.6'lon.. 0.552.0.:' _ .. O,:252~ 0.O()·0187 0.990 
0.7.000 0.5bOO···,O .. 24?3, 0.:.000173 1.019 
o ,7 i 0 I).. __ .0. 568n~.;, ,0· .• 2364 _____ 0·".000 1.6,,L __ i.A ,,~ ______ ._ 
0.7200 0;5760 ".0'.2319 (J.00·0149 1.079 
a.7300 0.5BI;:0 (1, • .'2255' 0,,000138 1..108 

0.7400. 0 .5920 O:~219~ 0.0'001.29' '-. D9 
0,7900 0.6000 "0~2i37 0.000120 i.~70 
0, nan ___ '. __ 0 .60BrL_._' .. ':'_,JL2.QBL ___ O .,00 Oii,;;.2 __ .i • .2Q,I._ •. __ . __ 
0.7700' 0,6160 .- 0,.2027. O.O,001G4 1,.233 
0.71100 0.624U··, .. 0'.:1:976' 0.000097 1.265 

'. ., 
. ·2S0.0 0.7647· 0,6277',' .... .'0::1952. 0.00.0091 1::081' 

---'-;----- ---- ---------.:..--~-·-----.:...--~:-7."'"'!.--::-~--.:..----- ..... -:--..:-----=-----:---

. " 

.-. --•• _- ,-- -:- --':-, -;-: -' I -!-- ""7-' -' -------- ~.~--.- --:--- - -.---- p-

. " . . . \ . ' 

.' ' ... '. ::. '. . .. 
. ' . 

, ' " .. . . : .-. - ' .... 
. ~ ... :. I":': : . . . ,- . 

• < 'f , . , , . 

. \". 
I ' . 

: p'~c"t:\ 2C; : 
, \' 

\ . 
I 
" " 

http:PACE~.24


I[ 
'. 

1 r·: 
• i 

j A~t.:E: '3' 

.. ' ,', . · '. ", 

" 
. D~siGN OF Q.UART~NA:~·Y i CANALS 

BOse<,J.' otl.Crlti:cQ·! :Y:9~t'1~e Forc~ 

. . 
. - . 

~ ',".... 
• .'. I. 

" :.',. :,," .;; . 
--"~'" . · ,', 

... 
.' . 

SItiE SLOPE .·1 1 2· . 
Ir· 
If.:' 

... 130;'to", 'Width/Depth (bid )=1. 250 .' 
·(F1') ;:O.U]'O : 
('0 =0.2QO.· 
(en =0.840 

... 
Fr~ude NUM~"1' . 

1 r~,:. :. ;r1'llct.l,'e Fo;coe 
~ Cdrrect'l'on Factor 

. , . . 
I • • , '.' .. ' · ' , , 

k.~gh~&SS Coeff~clent (/oJ) , ,'= 0 .. 02S :-:--:-'-' -','-:....:... __ --'-__ '--____ ..:...-.:,.--__ _ 

I f':" ." . 
I- ; . -. 1 , •• • •• 

.; I,' . 

1 r' .: i 

l . • 

I 

1 
I .. 

I 
1 
1 
I: \ 

. , 

I 
I~: . . 

'. Q (l/sec) b (M) d (M) " . V (M/!Oec) S ("If.,) A ( .. ~2) -----... ------ - --:..-------------..,.-:~.--------------:...------------:...------
260:0 0'.5085 0.4068'.' '"0'.4835 Q.001031 '6.538 .. 
260:0 0.S2Dll OA16ll": ·;.n.~46?3 Jl.JlOO.9B 0.S6L __ 
260.0· Q.53~O 0;4240 B.4~50 d.000826 0,58~ 
260.0 0'.5400 0.432()· :'0.4287 0.000748,.0.p-07 

260.n 
260.0 
260.0 
260.0 

'. 260.0 .. 
'. .260 •. 0 

. "260.0 
.'-:260.0 

260.0 
. 260.0'· 

. 260.:0 
'. -·260.0 

260.0 
260. '0, 
:::60.0 

260.0 
: 260 . 0 
:260.0 
'260.0 
260.0 

260.0 
.2t:D.O 
:260.0 
:260.0 
26u.O 

'0.5500. 
0 .• ~·60() 
0.5700 
0.5800 
0.5900.: 

0.6000: 
0; 6iO'O 
0'. b2D O' 
0.; 630'0' .. 
0 •. 64.0'0. 

0:6500: 
o ;66UO' 
0' •. 6700 
0:6800. 
0,'6\100' 

o :?ilQO . 
0.710.0 
0.7200' 
0.7.300 
0.7400 

0.;7500 
0 .. 7600: 
0.770G. 
IJ.7800 
0.7900 

O,440~' :0:4132 O.nOOb78 0,629 
0.4480'" ,'&.3986 D.000616 0,6'52 
Q • 4560. . .O~3.B4~"L· __ .....,nn . ."0 011 SouO __ .lLCL.6Z 6L.... __ 

-0.4640'.":' '.0.3716' 0.000511 0.700 
0.4720." .:,. "'0.3591 .. __ 1l.OOil4bb ... ,,0.7"2'1. 

• • I, • 

o . 48.(1 0 .:.; .' 0 : 3472 __ . ' 0 .. 00'0426 .. _. 0 .7,4? ___ .. 
0.4880' :: .. ':0;.3359: :0',000390· 0.7'74. 
0.496.0: .. ! !~1l ~,3252--_JlLOP,03S~-O ,I3Qu\L: __ 
0:5040'- .:. , :'0.31'49' " 0:.000329 ,0 :826 
0.5120'. :-: .':'.0 .. 30'52 : .. 0' '.01) O:~ry2 O. 8c:2 

o. 52P·0·.'·. :: :::'0';2959 . .'0' ,-oli.02·18 0.879 • 
0.5280 .. ": :,0'. 287{) . .0:.0002.56..0.906' 

. 0',:5360 ': ~:~.-'-;~~.:.27.as·_: __ . il' •. OO.a2;5-LZ __ .llO~9:',l~ __ ·_ 
0.5440 .... "0,2703" . Q.000219 Q,96c;. 
0,:5520 ". '. '. ·· ... 0 ;2625' 0 .. 000202 0 .99~ , 

. .....':' :,.': . \ : 
0.5600: ":.' :0'.2551, ·O.iJOOJ,8';7 LOi9·. 
O;St,80,", '. ·"0.2480 0.000i74· f.049 
U.576·0 .. :",.··O~24i11-__ -.lL:.000161 __ '_LQ78 ... ..:. __ , 
0.5B40· .. : .. ::0·.2~46 O· .• O'O·01'SO 1".1-08 
0.59.20 . ..~; 2.283 0.:00 p 139 1.'.139 

0.6UOO· 
0.608i1: 
0.6160 
0.6240 '. 
o .63~U J . , 

.' . 
, .·."0.2.22? 0.000130 '·1.170 
; .:·0.21.64 0.000121 1 .. 201 

. '. -0 ~21.Q8",--_~1L fHI 0 H3 __ L 233. ____ _ 
'0.2055 O. OOlliOS i .2'65 

'.0',20.03 0.000098 1.298 
· . t': I 

260.1l 0.7971' D.b3?7·, :··.·0·.1968 O.-{)G0094 :l.3~i 
---- - _.-----:------- -: .... -------:.~-:~--j"'...:..:- -------------------------~-;-. , . ' · . . . ' . " " .. 

.' . · .. ' . 
\. -,.:,', :. '. 

,":'. " :.'. " :', ~ .. 

______ c __ .. ________ . ___ • .!-_____ _ 

. \ . 
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, 
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, ..•. N 'v"I::' (:'1" A· 'T' I::' I) . I" l J I" A· ' . 1"',::,,,·,,,,:, 1 (:) I:" M I::' "'··'Y' I" I'> (') '" ,::' C T _ •••• t, ••••• 'J' ....... ". ~., I ••• ;,I ••• X ...... : .... ........ 4. "<.y ...• 
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· ·TABLE :3 · . . 

: .' i" .. 
:: .. E"dtt:~M\I~dth/Depth 

· ~Fr o:u.di:!: NUrt'lb\.!r. 
: Tr'Qctive' Force 

.'DESIGN OF .QUr,R;r:E:~M.Y: C'ANALS . '. .. '.' 
B~su~ .on Critical iT~ci~~luM' Fofce 
". • •• '. f,· ' 

. . 
(bid )=1.251), 
(Fr.)' 0:·0.100 

, . , .'. .. ' 
, • 'II 1 '. 

. I., 
'. ,', ':: . 

.' 

. " .' ~ . . , ... 
(T>~' =0.2.0 O' ... ' ' .. 

SIDE sLOPE'= i . . . 

· . 'cdr'r'e(:t .lon F,,'ctor 
· Rri~~hn~s~ Co~~flc~ent 

(c.n "'0.B4ti .' , ,' . 
'<Nf __ =-.lLJl2.~_.,.,·_;_·.:,-------=.-'---------_--

'. I , • 

· . 

: .. 
• ' I • 

. Q <l/sec) b (1'1) d (M) '., V' (/'I(sec.) . S (MIN) A (r1"2) 

---------------~----------------~--~--------------~--------------
270.0 
270.0 
270.0 
273.0 

'. . 
0.4139 ", 0~4849 O.~OiOi3 0.557 0.Si74 : 

O. S3fl 0 ___ .il .,42!l1l-..,· __ .un • .'1621 n .• b 0 o.8'L~.ll_..s8"L· __ _ 
0.5403 0.4320 ~:4452' 0.000B06 0.607 
O.5SDQ 0.4400 O.42gt 0.000731 0.629 

0 .. 5600' 0.4480 . 0,:'4139 0.·000664 0 .6S;~ •.. ' . 
270.0 
270.0 
270.0 

0.S700 0.4560 "0·.3995 0.000604 Q.67b 
o .5800._ 1\. 4M!l.....:.....:..:~ . .:3.a5S2:'.__:._._liO:"'O O.oS~-Ll,j __ JlO ..2.J~.,l.LO __ _ 
O.S9IJO.. 0.4720 . 0\3729 - 0,000503 0.724 : : 270,;0 

, . 

g:~~.g~'. g.::~:~ .··<·:X~.~i~~."-; .. ·g·:~~gi~! .. 'g:~bi·."·"· Ih;~;.:';:<·<:: ::: ::::: 
0.6000· . 0.4800 .' .:::o,:.~60b ..: __ 0.000460 .. 0.749 

. .. . . 

I' 
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· i 

· , 

" 

I " 

I~ 

I: 
I> 
I 
1-

. : '. '270.0 

. . 270,0 

.. 270.0 

270; 0 
270.'0 

'. 270.·0: 
: " :: 270. 0 . 

2'7 U • 0 

: 270.0 
· 270.0 
· 270.0 
· 270.0' 

.: 270.0 

:., 2'70.0 
270.0 
270.0 
270.0 

· .270.0 

0.63011· .: .. _.0. 5[140. __ ' ·.-.:~· •. 327.'L--:-_:-D~OJl O~'5L-_DJ.B2~_ ~_ 
o .6400'· :. 0.5120",', p.·.:31.69 : o. b [J032(> 0 .BS2 . 
0.6500. : 0.5200 :. 0'.:3072' O:.00030() 0.879· 

• • • • • I ~ , . . ,'" 

n :6{,oo' '. 0 ;5'2C(i :.' .:: .O· ... 298Q. 0.'000376 (1.906 
.0.6700..,. O,S3bq !:·.,' .. ~':·28'?;~ 0.:000'255 0.934'. 
O.6!.'DIl.:--- '11. 5.44[l,.~-;:;.a.+al1::> ___ ~_O: •. 0 ~ Q236 __ , 0 .,962...:. ___ _ 
0.6900.:' 0'.552.0 ~ ".0' ... 3726. 0.000218' 0.990' 
0,7000'. 0.5-6-00": ··0,.264'i.· .. :.Q·.000202 '1.0'19: 

• • • ..: j •• ' 

0,7100:' n. 5·6.E~1i ·:.:.:'.··.{:2S7·S. 0 .. 000187 1..Q49 
0 .. 72.00: 0.57.,6'0·· .. ·.·9·,~504 0.000i74 1.378· 
(J. 7300, . __ .0. 5a'10 '.' .. Jl:~24.3b ____ l(L OO'016~_Li oiL-,-__ 
0,7400 0.5920'" 0',237'0 0.001)1.50 1'.'139 
0.750.0. O.600.() : ... ·.0.,'·2308 0.·POOi,40 1.170 

0.7bCO '. ·0.6080 ; :.0:.'2247' 0.030130 1.20i 
0.7703 .. 0.6160 . '.0,.·2189 0,000122 1.233 

, " 
0.780 a .. _ .. 0 .• 624.0. __ ' · __ .. 0 :2.1.3.4,-_' __ .. .0 •. 000113_-1,.265 _____ ._ 
0.790·0 0.6320 l 0'.20BO 0.000i06 1.2<;0 
O.BOOO .• 0.6400'· ~ . 0'1.202B· 0.'000099. 1.3?i .. ' 

.270.0 0.8092 .. 3.647,4 . ,0 .. :.1982 0.000093 1.36,2 . 
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· . • ,'. D~.!nGN ~F QUtl~Tt'~';"d·y:'~;'NALS '. .' .: 
Bosecj 'on Cr it icar ,Tr,:l'G:.t lye' Force · .' . . 

T.A·F<I_ E. '.3: 
. . : 

" '::' ,. I' • , 

: ',' I., ~.lD.E SLOPE = i . .., .... 
Bott~M Width/Dept!, 
F'roui:lQ' l'IuMbl!r 
r.rQct~ve Force 
~o~r~ctlon Factor 
Rou~~n2ss Coeffl~lent 

(·b/'cl);=i.2S0·· ... ': .. :-. 
(,Fr) =0.100', ',.J ,: .' •• 

('i:) =O.20n·.· " '. 
(en =-0.840 .', .... 
(N) _En-n2~S~'_~~_~~_ 

. , .. ~. 
· .Q Oh:;ec) !l (M). . d (~I)·.'."·'V :~~~/sec) S (nft.l) A (f')A2) 

· -:- -----------:-.. ---------------7"-----~-.:..--'--------;-----~-----------
270.0 0.5174 0.4139'. . t.4849 b.001013 n.rst 

. '. 

270.0 0.S300-_.o.4240· ;Jl~462i O.01lQ89.1--_G .• S84, __ _ 
270.0 0.5400 O.432D"· '0.4452' 10.0008U6 0.607 
'270.0 0.5500 0.4·l00· .. _'0'.4291 .10'.000731 O.6?9 

'. 
. 270.0 
:270.0 
27!l . 0 
270.0 
270.0 

;270.0 
270.0 . 
270.0 ; 
270·:.0 
270.0 

270.0 
270'.0 
2:fO .. n 
2'70. (l 

2'70.0 

270.0 
270.0 
270. Q 
?70 • 0 
270. O' 

2'70.0 
270.0 
27 () . 0 
270.0 
270.0 

~:;*~~ ~:!~~~'.,.' '·t;~·~~ t~~~~~: ~:~~~ . 
o .580 (1 '-__ 11. 464n_~·_..:.........:o:. 3859Q; 000 55i 0 d.nO ~--i--
0.:5900. 0.4720.".' '.(;;2729 ·U.00Q503 . .0.724 . 
O;600Q. 0.480:0· .... ,,' ·!l'.3606 _._ •. ,.·O/OOO~60 _._-.0.749· .. _ 

.' ,., ... . . .... 
0.6100: .. O.48.~O .. _ .... :.0· ... 3489 __ .,.'. 0;0004.21 '.' 0.774._. __ . 
0.6200.· 0.4960:',." '():.3377. '0;000'386 .O·.BOO 
O. 630 ~'. __ . 0.504'0.' .. ": :-!~' :3.27..1...1 _',--_ 0; Q 0 0354-___ 0 ;J)2Q .. _~_._ 
0.6'~r.0·. 0.5120.','· .,0,;31.69' 0:000326 '0;'852 
0.6500' O.5200'.',,:'.10·;·30'7~! :. __ : 0',000300 .'0 .. 87?-

• " .' , • L • • , 

" . , . ", .. 

~ :.6600" G .528:0.':> ::: :.U'.2980 ."- .. _. 0; 000276 
0.6700 O. S36C .': ... 0 .. 2892. 0·,0.0 0·255 0.934 
O. b~O 0_.' ._ jJ. S4«!.h. _ .. _., _: '0:·.2802_. ___ 0; 0 [10236_'_,_,_ n .• 96.2.' .. ___ _ 
0:6'900', '0.552.0 . '0:2726: 0.000218" 0',990 . 
0.7.0'00 0.560'0 ·:.:~.··:O·,.264.9 _._. 0',000202· ,·1..0i9 . . 

' .. 
. 0 • 7100 11 • 5680 _,.. 0 .• 2':75 0 . 00 0 i 97 _.... 1. {) 4.9. 
0.7200 0.5760 ... 1;2504 0.OO~i74 1.078 
0.7300'_ .,._ .. 0.58 1)J_-,--_.,O . ..:2.43·6 ___ Q,_D 0 {).i62 _L_H8. ____ _ 
0.7400 0.5920 t.i371 0,000150 1.139 
o . 7S.0 0 '0 . 600'0 ._~... ,0 .. 2308,. 0 . 0 0 0·140 1. i 7.0 .. 

· . 
o .7600. 0 .60 aD .' 0'.2247 0 . 000130 1. 20'1. 
0.7700 0.6160 ~.2189 0.000122 1.233 
O. 780 a'_~_ .0.6240 -i---.-_tL2J_3.4L ____ O :llOr.U3 __ · L 265 ___ ._ 
O.7YOO 0.6320 0.2080 0.000106 1.298 
O.B~OO. 0.6400 012028 0.000099 .. 1.331 

. ", . \ 
270.0 0.8092 0.6474", 0:1982. 0',000093 1;.362 
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'DESiro'N 0;:: ~)UARTENAin :,;C'ANAI,S 
Based on: Lr{tlC:(11: 1rci,i~lu~' :F.orce 

. " I.' 

,~---'-

.. 
" ;". 

.-~...:.. 
, .' .. . '" 

SInE ·SLOPE = 1 : 2. 

, .l'10tt'O.M. ~ltlth/D~p·th : (b/d:>,=!. .·2Sil 
~ro~de· NUMber '(F~) =0.100 

• J! . , . 

, ,trcicHV~ F~rce . Cr>-. "'il .·200 . ' .. 
· 'ao~rect~on·Fac'or ,(er) =0.840 , ' , 
· : ~ 0 tigh n e sn: CG<? Hie 1.m ~ .'. UD_.", 0 ...D2r:!.)., ___ ' _.-'--:--_____________ -'-' __ _ 

· . :' , : 

· .T--:--:-----.-----------7·...:-------------.--:..;---:-·-·"·-----------------,------
·290.0 0.5348 0.4278. 0;4876. 0.000980 0.595 

· 290.0 0,5400 _._O •. 4320.~....Jl. ... 4.7..S1 Il.OOO'Z30 .Jl.LbOZ ___ _ 
'290.0 O.550B 0.4400 O:~609 0.OnOB43 0;629 
:290.0 0.5600 0.4480 :~.4446. 0.000766 0:652 

· . ',290.0 
, .290.0 
: :2~ () . 0 

· : ·29·~:'. 0 
:2S10.0 

0.5700 0.4560', ,; :O::~'291 0.000697 0.676 
0.5UOO 6.4640, ',p;4i45 0.000635 0.700 
C ~S900._·' _.D.....4Z.c.2.uO_-'-7711..'.~OO.::>:5·'-' __ ..1JO .• 1'.11 OS(3.nu.._......lI()~.n..1_' __ _ 
o .60 () 0 " 0.4800, , .':, ,0 ;,3873 0; 0005.30 0 ,749 
0.61.00 '. 0;4880 ' .. 0.,4747" 0.,000486 .... 0.774' .... _. ,.. .. 

'. . 
" .. 290.0 0.62110 0.49.,,(._.,:.' <'n .)627._._0.00041\!:i 0.80'0· :._ .. 

: 

· .·290.0 
"':'290.0 

'29() . 0 
.': . ':290.0 

2~) 0 • 0-
, . : ,290: 0 
' ... 29(i. (l' 
· '.290.0 ' 

· 290.0 

290.0 
290:(; 
'290.0 
2<;.\ 0 . 0 
29.0.0 

290.0 
290.0 
29.0.0 
ZriO.n. 
290.0 

0.6300 , 0.50'10. ',0,.'3513' O.pOQ409 0 .. 82'-,: . 
O. <'.4'() (L "":',_ .JL 5i;:;:lL..~':'~, .. ~ ~·3.i!Oll,_-,-_ D .,0 ~ 037Cl.6_~.I}:.J~S2. .... _· __ 
~.65GD 0.52·UO :, :,0'::3300 :0.,0'.00346 o.en· 
0.6600 ' O·.5~·~JO· ;. :.O . .',~.20;1' O;OP03l,S'. 0.90r:, 

, ' . ' , '." . ' 

O,6'lOq .·.·O.~;3.6(l· ."., O.;3,iQb 0.0,0029"( o.n-4 
ij.h800 ·0.5-'140','. ,n;'30i?' , 0.O~Q272 0.962 
0,. b'tao. .:-.-.0 .. 55211:._, _,_ . ....:.0 .:?_9;2JL_. __ .ll. OOD.2.5~ .. O .5'.9.0 .. _ ... _._ 
0.7000 0.5600., ',0.,;:',81)5', '. ·n,OOOZ·33:. i·.019. 
0.7100 ·O.56GIJ '.' '.-0',,2766' :0.0.'00216, 1.049' 

0.720(1 
0.730 O' 
(J.7,\()jL. __ _ 

0.7500 
o .7600 

0,.5760 ,', 0.::2'689,. 0.00 02!H .1. 078 
0.51340 .IL2616 0.00018i" 1.108 
O. ~920,-' -.......;c-_ .• L?~!l6... __ · __ 0. 0 0 O.iZ.>L3 __ ._i.L139 ______ .. _ 
O.bOO·O. 0,.21i??" 0.000161 1.170 
a.60aO· ,"Q,;2414 0·.000i50 1..201 

0.'1700 0.6160 0.2~.52 0.000140 1.~33 
0.7800 0.6240, I 0.2292 0.000131 1.265 
(1.7900. _'_ .. D .b32{L __ ~ __ ·o.·.'223.4~_ 0.000122.....:.._1.298 .. ____ . _ 
0.8000 0.6400' "6.2178 0.000114 1.331 

0.000107 1.365 
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29·U.0 0.8327." 0.6661.' .. < __ :Q.:20ii. ____ ... Q:OOO,0',!2. _ 1.442 
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. DESIGN OF [Juriri·TE·NAIi;· CM1AL~ 
Based' .on C,- 1 ticQ·l:. T";Q',,,·,/ l'~". Force 

, . :." .'. . 
~ :.' ",,' · .' " ',' 

" :.:' :1' ,: .... ~ -. - -' :--:----. -', ~~. 
RO~~OM ~idth/De~th .(~/d'=l.i~o.' 

, . 
.-: ... 

-.:...-----. ---------.--.:. _._-
Fl'ouce' NUMber . (1".'1" =O.iOO ' 

I~, . T'r;'lct!Ve 'Force . (T>. =!l.20Q· 
. : : . Co::-rect..:on Fact~r . (Cn =0,840 

, . 
" . 

I 
1 
I 
I. 
I~. 

I 
1 
I 
I 
I 
I 
I 
I 
I· 

· . , 

· , 

\ . 

· , .. 

R:o ~qhn:~ js Co~ f'f; c: ien,t _(lji_En...1i2\i_--'-~·~'_·''--':_· '---___ ---'--
.' . -. . . 
, ' , 

1;). ·<l/sec) 
: -;--------------=--..-------------...-----'-;--;----------:------------_..:.._-.-:-

'290.0 
290.1) 
290,0 
290.0 

290.0 
290.0 
290.0 
290.0 
e9 () , 0 

290.0 
290,0 
290,0 
29 () ,0 
290.0 

29U,0 
29 II .. 0 
;29n .-0 .. 
2'>'0', G 
290.0 

290,0 
290.(1 
290,0 
29(1,([ 
290.0 

290.0 
290.0 
;;>90.0 
290,0 
290,0 

0:5348 0,4278. '.' ~.4876 0.~g0980 0.59~ 
O. sileo _.-.1), '1320 _._._: ... Jl._47BL __ .Jl., 0 ~093Il-.D .60:1 __ _ 
'0.5500'" 0.,440.0.. '0..4&09 0,000843 0.,629 
fi .. S60i'i 0..4480 iL4446 0,00'0766 '0.,6.52 

0. .5700 0.4560 i)',4291 0 :0.00697 0.,676 
0.,70.0. o ,.seo\!, (). 4640. Q\ 4H5 O. DO. 0.635 

a. S9UU ___ 0 .• 4720 '.fi.;Aoos __ -J!0 .• 0. 00..580 __ 0. .• ·n~. __ _ 
0.6000 o..48DO 'P;JB73 i.OOG5JO 0.7.1 9 
a.6i30.: 0.488'0.'. ';, Q:.;3747" 0.0.00.486 ... 0.77".' 

. " . 
0..6200.: .. 0..496.0.· , .• ~;: ·D.3627 __ ... ___ 0 ... 000445.' 0.800. :._'._ 
0.630.0' 0.5040.·· .'" .0·.351.3 0. ;00040.9 0. ,·826 
0:6,\0. n .. __ J)~ 5i?O :_"_,_, _: .:n:~34.Q4L.. __ .n. 0.0.037'· __ 0 ,,{iS2 ____ _ 
O,.bSO~,· 0.520.9, ',:;' o '. 33·q O. 0.;00.0346 0,87.9 
0,660.0,. 0..5280 ~,·.d~32Pl 0.0.00319 0.,90.6 

• I ' "~ , • • 

O.b'7GO: 0,5360.,.',: .. 9..3106 0'.(100294. .0.',934: 
0, 6(~OU If,544Q,,: . ,0.,,'3015' '0..0.00272. 0. ,%2 . 

" G .491) {j _c __ .0 . 552(\ ":":'~_'_Jl '.292.(1. ___ '0: 0. 0 0.252_' _ n ,9','Q: __ _ 
0,7000.' D,56UO '-:'::O',~8ri5'· 0.;00..0233 1:0..19 . 
0;7.10.0'" .0.5680':. c· 0:2766.: 0.000216' ·1..049. 

• • '" I,' , .. " " 

0..7.2'00 0.57bo:'·,·· .. .'9',·26i:!.9· 0',.000201 La:j~· 
0,.730 q.. 0, SC40':' .' p :'261'6 .' 0; 000186 "1, (0 B 

. O,7~foo._· ____ I:.S920 ·.,Ji.;::s46... _O.OOQ1:ZL_1~f::}9,-_·_· 
(1.7500 0.&000. '.: P,24?9 0.000161 1.170.' 
U.7600 0.6080,' .. ·j).24lA·_ '0,000,150 .i.2il·i. · '.' . 
0.770·1 0.6160 :,,, '.,Q,2~S2, 
0.,780 no, 6240, " .,-0,2292 

._.0.7900 -._.n .632(1. __ .'_' O' .223.4 __ _ 
0,8000 0.,64&0' ·0,:2178 
O.BiOO 0.6480 .0'.-2125' 

O.D0014ll 
O,OOOB1 

1,233· 
.1.265, 

0.0 all 122. __ 1. '; "6._,~ __ .. 
9,000114 1,3jl 
o.ondiD7 1,365 

" 290.0 0,8200 0,6560.:'" ti:2074 O,OOJ100 1.399 
290,0 0,8300 0,664d ,,0.2024 0,000.094 1.,433 
290.0 0,8327'. 0.6661. .'·.~ .. ,:...P. .. 20i1--·-_-·.I! .. 000092-,,- 1,442 
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, . fl'lJC t 1 ue Force 
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0) =0,200 
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8,0,,,:0. ,Aljolllli!J~'ii;..~"'.,o ,,3040 " .' oi:;;i,3,p;a" ; I ,. 0 '.000349 "0',34'7" 
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BottG~ Wldth/D~Dth (b'/dl=1.2"0 
(Fr) -=0.100 
CD -1).200 
(Cf) ~'O,,840 

, .. 
Pro 0 ude Ntltibl.l" 

lr'(!c:tJ vto! Force 
COP r- t? C t i fJ n F'llc t 07' 
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90.0 0.3000, 
90.0 o .3100 
90.0 0.3200: 

, , 
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. DES,rr.N Or: QUMTEl>!·t-IRY: CPi~jALS 

Brlscd. 'p'n Cr'lt,l.C'Ql.: T~:dc-t;1';"t< ,Force' 
. ,'" 

SI~E SLOPE - .1 ~ 2;5 
_~ .... _.:. _' • ..J. __ L.; _____ · ____ . _____ --.: _____ . _, _~ __ . ......:._ 

! 

! . , 

, ,B~\tn~ Wldth/Drpth Cb/dl=i.2S0 
.' Tro,,"j~- :NuMb,>r . CFr') =0.100 " . 
'. l',!,,\c't'lva r orCt! (T) =-0.200 . ' , 

'Cor 'rt.r.110n F,~<:tor (C-f) =0.840' , 
'ROlJQIIfIt'S., eoolff .i.clolnt - OD ... ",,0 .02S _.-: __ ~ -'-' ~ ___ • _______ _ . , . . , . ----I' 
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-~ -~~~~:=:~----~-~~~:.----~-~~~-~--~-:~~=~=£_---.--:-~:~~:---~-~~:~: ' 1 
.' 100.0 0,3064 0,2451', 0::4440" 0'.001719 0',225 I: 
. 100.0: 0.3200 .. _ ... 0.'2560 __ ' _ . .o;'A062 .. 0.001362 __ 0,246_' ___ .: 

iOO.O 0.3300:' 0,2640' '0':3826 0,001156 0.261 ~ 
100.0 0.3400 0.2720 0~~6Q4 0.000986 0.2~7 t 
5011.0 0,3500,' O.280Q ',0.:3401 0.000845 0.294 I 
100.0 u_.3600" 0,28BO \, :d:.321'5 0,000727 0.3ii : 
100.0 0.3700,.'_-O.29bG .~_..:,_,;,ii:..3C44 0.00062.8 __ .0.329. __ _ 
(00.0 0.3800 0.3040 ,Q:28B6' .,bUOS4~ '0.347 
100.0 0.3900' 0.312.0.' ,": a';'2.739'. 0.000474 0,365 
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,', ' " io 0 .0 
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: 1 00.0 
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0,4900' 0.3920 0;1735 0,000140 0.5Z6 

: 1-00.0 O.SOOO· 0.4000.' -,0';,1667 0.000126 0.600 t 
, 1 0 0 , 0 0 , 5·1 0 0 0 , 40 !3 0 ' : . ' 1i'.-1 b 0 2" 0 . 0 0 0 113 0 . 6 24 'f 

' i 0 0.0 .. O. S168 . _,0. 4135.._-,---.JI,d:SoO, -'---_0 •. 0 I).n 1 !LL_,.0-,-64.i_ .. , __ .. _ 
--.:..--.-.---------------.------------"';""-:'~~------------..:.---------_._-- ..... -

'''' .-.---... -- -----,-

. : 

~-~~---------------

" '. " 
" ,,' .' . 

.' , . . '., 
'j •• 

.' .' I:' .. · . ' 

-- .. _-,- .. --I 

J 
, 
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. LAM NA~:.~C)N· . 
·.:I~N-rE(~RA-T-EI) RUI~A~ DECVEL_C)PME:N'T-.F)R(:)~-E:c~-r 

1:._ tJ U :1: S B r:;: I~ t; E R -:U'~ -r: ,,:: I~:N A T.:!: C) N AL. J: N C - :.. --
I • ,'.'1 ' 

DeSIGN OF 'QUART,ENA'RY:,Cflt-jALS' 
Based on Cr'l1:1ccil :r."Qc.f ive ·F.cr'ce . .' , , .' ' '. . , 

.' . 
S1 DE SLOP.E _. 1 2 .. 5-

-------- ---;--..-.--"-------. -C"~.=----
'. .' 

.: no·tt,,':' ·.WIdth/Depth (b/d)=1.250 
: 'Fr'"ude ·N~Mb .. r· (F .... ) =0.100 

" 

. ·Tr:ai:u~,. 'Force CT~ ==0.200 

.. Coi·re¢tldn Factor . (cn =0.840 
'. ·RoIIghrl.'!ss ·Coefficlomt--4N).--"''O_.Q2S __ ...,----+.-.. ,-'-------=--------~---

.. 

, . 

Q <l/sec) b :(1'1) d (1'1') V .(M/S~C), S (M/M) A (M~2) . - .' - ----:--------------------------,---:-;'"" ..... _---------------------------
· 110.0 

11 0.0 
110.0 

· HO.O 

11 0.0 
: 110.0 

'·110 _ 0 
.' 110.0 
.ij 0.0 

· HO.O 
· .11 0.0 

.110.0 
. 1j O. ° 
:.110.0 

.1iO.O 
· ';11 0.0 

"1.1'0'.0 
:110.0 

.liO.O 

0.3201 0.2561 'O~~472 0.001645 0.246' 
o .33 0 O .. ___ .Q~ 264 0 ___ . n d.2.0.9 ___ J.LO •. 0 0 i 39.9_---"0 ~ 261 ___ _ 
0.3400 0.2720. 0:3965 0.001193 0.277 
0.3500. 0.2800 ' .' ,0,~3741 0.001022' 0.294 

0.3600 0.2889 ,0~3537_ 0.000880 0.311 
0.3700 0.2960 .' 01.33<18 0.000760 0.329 
o .3800. __ -0..30 41L0 _~-,-ll'o ~~U.7.!l4 ___ .1!O~ 000 6S9z._---,,0c.. . .34LZ ___ _ 
0.35'00 0.3120. ': 0::3013' .0.000574 0.365 
0.4000 O.~200 .;' .':0:.'286?_ .. ",_.0'.000501. 0·.384 

, 
i . " ,,':) '':) . 

~:!~~~ ~:i~~~' -:-~-:. ~;,2~.9~ -. ~-.. ~:~.~~j~~ ~::~~ 
D. 4:IDO-~ 0....34.4(10.:..· --'-_c.ll..247.::t9c..· __ --'10.j) 0,Q3<11..1_-,::-' .11.0. ~44...., __ _ 
0.4400 0.3520' ·."0::;h67· 0 .. 000302 '0'.465' 
0.4500 0~3600' .··.0,.,2263 0.000268 0.486: 

0' .. ' 

0.4~09 .'. 0;3680.· ... ;.-".O;.~166.: 0.:iI.00238 0.50B. 
0.4700 0.3760 . '.0:2075" 0.900212. O.<;i3.0. 

: _,-__ 0 • .ABi10_~· _11.:.3840 . '0..:.l.9.8.9.,-· __ ,:.O..: on a l.9ILO __ .0...553·,-' __ _ 
0.4900 0.3920 0,'909' 0.000170 0.576 
o.SOO.O 0.4000 ri"f833 ._.~_ 0.0'00153 0.600 

. : :dri.o 0.51'00 0.4080 _ ~. _,' '0.'11762 _ .. _ .0,'00Q137 0'.624 

. : .HO.O 0 ... 5200 0.4160." ·0'.1695 . 0,000124 0;649 
' ... :110.0 _ . --0. S:IOo. __ ·_ D.._4241L-__ ·' n. • .ib.32-;-·_:_..uO .00 011"":> __ 0 .. 67"'-___ _ 

· 110.0 0.5369 0.4295 "0' • .1.590' 0.000'104 0.692" 
· . . 

---~-------------------------------------------------------------- - ".' .,'. -

-, , . 

---- .. _--.. - -------. ---'--;~":""---
, , 

, ,.. . . . . . 
. . , '. 

-------_.- -! 
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" !,_AM N(,l\M,' nON, ' 

'''IN~~E(;RA'TED RURAL D~VELOPMENT PR(~JE(~'T 
'1..:0U:':~:; BEI~ GEI~ .. -:I: N:T"E::'I~ N;A'l:-I ONAJ..: __ I N'C :---.. ---- ' 

,TABt,.E';4 

. . " 

DESicN OF QlJAR'T,ENARY: CANALS 
Basel;!: :~n CrItic'll', T~6.C;:,;i,ive, Force 

" , 
-, *, • :" . , 

• II. , SI,DE SLOPE, = 1 ; 2,5 
, _ .. __ , _--:-_---;;--'-:--;-'::..,--'---c ______ -_...,-_--:-__ 

1 ,",' • ',. 

B~ttci~ WIdth/Depth (bld)=1.250 
,'Fro~de, ~uMber (Fn) =0.100 ,~ 

Tr9ct~:IJ€. Force (J) =0 .~OO' " 
C~rr~ct~on Fac~or "(C¥) =6.840' 
R 0 tiq hne s;so C oe ff I clen t' ',( N ), __ "'-.ll..1l2:o.S __ ~..",.:.-..:.....----------_,...c.....-:......-

--

, ' , . 

. . . . -

, ' ... - - . -- -- - -- -- . - .. - ... - ----- _. . ~ - - ~- .. - _. . 
~ (l/see) b, (1'1) d (1'1)' Y' (M/sec) S (/'1//'1) A (/'1'2) 

, ' , -----------_._----------------------------------------------------, . '. i. - . 

0.3332 0.2666 ,',0.4502 0.001580 0.267 120.0 
120.0 0.3400 ,---4-2720 ' 0_4325 0.OOi420 Q.22L7_' __ _ 
120.0 0.3500 0.28fio 0,.4082 0.001216 0.294 
120.0 o .3600 0 .2880 " ____ .. 0 :3858 0 • 0 0 1 047 ... _ , 0 . 3 ~ 1 .. 

" 
120.0 0.3700 0.2960 d.36S2 0.000904 0.329 
120.0 0.3800, 0.30'40 ,1\.3463 0.000785 0.347 
120.0 0.3900 ,~--1Inc..3120 ' (1..:3287 _JL,000683 O.....3QS ___ _ 

120.0 0.4000 0.3200 ,'0:.312.5 0.000597 0.384 
120.0 0.4100 .. 0.328!! __ ,.'-'-:_'?,.,2,974, ___ ,0.000523 __ .. 0.40;3 

120.0 
120.0 

0.<1200, 0.3360,":':"--: .. -'~ 0.2'834 _' _ .. 0.00046'0,_-' __ 0 • .423 
I • I I' 

0.4300 0.3440,' n.2704 0,'000406 0.444 
120;0 
120.0 
120.0 

o .4'400_-U.0.3S20 ,,' 'iL.2S83 0"OQD3S'L--JL46s..:...-,-_ 
0.4500 0,.3600 :6;2469 ~.000318 ,0.~86, 
0.4,600 0.3680 ", ___ :" ,0'::;363 .. _ ,0',000283 .. a.S08, 

,i20.0 
120,0, 
120.!l-. 
120.0 
120.0 

0.4700,: 0.3760',~_,~_ 0";2263 .. __ 0:000253.. 0.530 
0.4800' 0.3840'" 0 .. .21'70 0'.:000226 0.553 
o . ,4 9 0 u.O _---110 .... .3.920 : ", 0, .:2JJ ~a":?:--__ l1Q ':00020 F-?_--'OL.., 520. ___ _ 
O.SOOO', 0.4000,' :'·'Q.:20~O' 0;00'018'2 0.600' 
0.5100',' .. 0.4080 _____ ,Q,.:~922,- ____ 0 .. 000163' ~_ 0.624, 

0.5200 0.4160,:._' .. ;'0':.,,184,9; D.000147 ._.' 0.649 
'O.53~0 0;~240' ~,1780 0'.000133 0.674' 
,O.S4ilO' ..0......4320 '0,:..1215 O...o,0.Q12.o O.;Z,O_OL:~ __ _ 

120.0 
~20.0 

-- 120.0 
0.5500 0.4400,' ,0,.1653' 0,,000109 0.726 
0.5S59 ' .. 0.4448 _ ',_._~ 'Q:.16~8 ___ , 0'. '0 0 0 1 03 .. __ 0.742, 

, , 

120.0 
120.0 

-------------------------------:---------.-------------------------. . . . 

, ,- - ,---, - .. ------~-----'-------, 

f' 

" 

---,-'-'-:",.--~-,--~--------- --

• \. ••• I I' : • 

, " . ' 
'" ". , ' , 
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. LAM NAM",boN, 
:1: N'T",':;: G I~ AT E l> ,I~ U I~ A L, l>I:,: Vr:i:L (:) p' M EN,T, P I~ n.:"..:::c T 

, I... (;) U :[~:> B''';: I~ G E I~ -.:1:. N'l' J;?: I~'N(') T,:!: ON;AL .. .I N C -,-"" '----

bCS~GN OF'QUAR1E~~Ri,CA~nLS 
Base:d o'n Critical '1r:·.Q~11·,tJ,t;'· F.or;Ci!. 

," 
SID'E SLOPE'~ 1 

- '" -.. ---.--'---.+-, ~, ---,--,--'---'-----

E< Ii tic QM , W~ (j tlJ/Dcp th , ' " . 
'Fr o:ucte ,NUMb,1r 

, (b/d)=1.250 
(F.r) =0,100 
("(') =0,200 

, 

. : ,Tr.a'ct,iye' Forc'c 
Corree~i~n Factor 
Rou~hness Coeff~clen, 

(cn =0,840 
(N) ~O.~?~S~ __ ~~~ ______________________________ _ 

- ..: . 

Q (l/see) 
- -: -, 

d (1'1) V, (M/s,ec 1 
-------------------------------------------------'----------------, ",. . 

0.3458 0.2766 ,0.4530 0.001523 0.287 130.0 
130.0 
130.0 
130.0 

o . 360 O ... __ .11..288 Q._~--1JOc..;, ,US U ____ o." 0 0 12.28t:l __ --:!L.3 U~ ____ _ 
0.3700· 0.2960 0'.3957 0.001061 0.329 
0.3800, 0.3040' D;;3751 0.0,00921, .0.3:4'2. 

0.3900 0.3120 ,0 .. ,3<;61 0.000802 0.365 
0.4000 0.3200 : O.~385 0.000700 0.384 

130,0 
130.0 
130.0 
130.0 
130.0 

.0. 4i 00.. ___ .lL-328Q. ,~..:.-_' u.o; ,;,z"2? D _ 0.0 06....,14"--~..ILO AO.3 _____ _ 
0.4200: 0.336Q 0';3071' 0:.000540 0.42;3 
0.4300 0.3440 :" •• : Q '.~930 ... __ ,0. 00,047~. _ 0 • .4'44 

, , 

130.0 
130.0 
130.0 
130.0 
130.0' 

g::~gg,', g,:~~~~···~',-·:~·.'"f~~;~··' .. - ~:~~~~~! ,.-.. g:1;i 
o. 460 0··~...368I1 .' n,:.zS6u.O ___ --"0.0 0 0:33~2 ___ D...so. .. !>-8--,----, __ _ 
0.4,700. 0.3760', \',O':~452 O:0002,?6 0.530 
0.4800, 0.3840 .. ';."'0,.2351 0,0.00265 il:SS3 

'J • , 

, " 
o . 490. 0, '" 0.3920.. .. _:,..: '11,;.,225'6 0 ::000237 _ a .576 1·:~0. 0 

130.0 
·130.0 
130.0 
130.0 

0.5ilOO 0.4000,' '0'.2167 0;'000213 0.600' 
O. S10 u.O~' ---Ou.· ~!l080 ; ,',0' .2.080.' 3"'-___ .0.:..00. 0 192_--,,0 :~4. _____ _ 
0,.5200 0.4160 .Q,.:2003 0.-000173 0.649· 
0.5300 0.4240._' ___ .0,,1928_ a.pOOiS6 '0 •. 674·, , ' 

, ;" 

; 130.0 0..5400 D'.4320' __ "_,0,.,185'8,' 0'.000141 0.700 
, 1'30.0 0.5500' 0.4400' , ~O,: 1791 0.0,00128 0.726. 

130.0 ,O.SMO' 0 • ..1480 "'0,,-1222' O.~.QO,O.1i6 0 . .-7.53"-____ _ 
130.0 0.5700 0.4560" '0'.1667 0.000106 0.780· 

--~:~~:~-----~:~~~~~:..:-~.:~~~:-':~~~-~::.:~~~'--~---~~~~~~~:.:---~:~~~-

I' 

- ._---- -_._-----,----,-----'---,-----._---------
" , 

. " . 
.. . I.: 

, , , 
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, , LAM NAM bON 
:tN~:E(~RATED R-URAL_, D'E~V~L~OPMEN~-' I:'RCJJEC;T 

'L 0 U :J: ~') x-:~ 1:,: I'''! G I:::I~ ---:t N :r:£:: Iii N'A -'eI_O NAL __ :J: N C --- - '--
, ., I'· .' 

DeSIGN OF' QUARTENAR,Y, 'CANALS 
F<Il,s~d on CriticQi ':r~,ae':t'i,ve', Force: ,', 

T('iB\'_~ 4 SIDE SLOPE =,' :,2,5 
_. . . .. -; 

" ~bT~o~,Width/Depth (b/d)=1.250 
:F~oude, Nu~ber (Fr:> =0.100, 
T"Qctive, Force (1) =0.200 
Corre~t~on Factor ,(ct) =0.840 
R 0 u'ghne ss Go e ff i c Ie n t +N->----.;:.n.._025~_~_.:,__~ _________ _'__ ____ _ 

Q <l/see) b: (~) d (M) , V, (M/sect S, (M/~) A (1'1·2) 
~~----------------------------.. --... -.;,------------------------------: -

140.0 
140.0 
140.0 
140.0 

140.0 
140.0 
140.0 
140.0 
140 ;0 

0.3578 0.2863 '1.4556 0.001472 0.307 
0.3700 ____ 0.29611-0 ____ 0 ~426L-__ n_.OOi23~_.Jl ~329 ___ _ 
0.3800 0.3040 0'.,4040 0.001068 0.347 
0.3900' 0.31FO 0:.,3835 0.000930,0.365 

, ' , 

0.4000 0.3200 0~3646 0.000812 0.384 
0.4100 0.3280 0.3470 0.'000712 0.403 

, __ 0 • 420 O_----l0u.,. 336,Q-,-__ O::: 3 .. 3110.L7:--__ JJO_~ 0 0 0 62o.6_~OL.. 42.,,,3-,-,_-,-_ 
0.43~0 0.3440 D.315~ 0.000552 0.444 
0.4400 0.3520 :,_ ,_,'1i.30i3 , __ ,0.00,0489 0.465 

I "" , 

140 .. 0 0.4500 0.3600 __ .' ___ 0.288,1., ~ __ 0.00'0433 0.486 
140.0 0.4~00 0.3680 '~.~757 0.000385 0.508 
140._0 . ___ 11 ~47D.u.O ___ o.....3760_~'. --'--~cQ'.264i---D ~OO 0344'--__ Q,.~S~3.Q, __ _ 

'lAo.o 0.4800, 0.3840 :'.'0',:2532 0,.0003'07 0.553 
140,0 O.4croo 0.3920 -:_": . .'0:,2430 __ 0.000,2,75 0'.57.6 

140.0 0.5000 0,.4000 -'--:, ,i10~'~:;~433" 0.000247 .0.600 
:1,40,0, 0.51,0'0, 0.40S0 '.>0", 0 .. 000222 0.624 

,_ 140 .n ____ o .5200- __ 11_411:.0 "02i.S.7L_' __ -"o •. ci0020..a~_..uO .• .b4.9L'_'--'-_ 
140.0 0 •. 530-0 0:42400,;20;7.7 0.il001S1 0.67.4 ' 
140.0 0.5400 0.4320 __ ' ",,-;Oh2000.--:. 0.000164 0'.700 

'140,0 0,5500 0.4400 _____ '0:,1928 .. ,0.000149 0'.726 
,140.0 0.5600 0.4480 0,1860 0.000135 0.753 

140 ~a -___ 0.5700_0 :4560 '\1 :.1'Z95 ' .O~ 0 0'<112.3_--.JJ0 ... 7_80 
140.0 0.5800 0.4640 '0:1734 0.1100112' 0.807, 

'140.0 _. 0.5900._ 0.4720'_~ __ O"',1676 __ ._ 0.,000102 0.835 

140,0 0.5913· 0.4730 .: ' 0 ::1669 0.000101 0.839 
-_..:.._ ..... _-----------------------------_._---..,;....;-------_!-_-------------

' ... ----_. 

------ - ._--.- ----- ._.- --- -------,c----:-~---- ---,----' 
, , 
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LAM NAM (;).ON· 
. .,. ,',', "f' " ::. ('.' f-' A 'Y' I::' X) ,., l '" ' A· 1 I)",,:,· ·v· '1::'" (.) ,:, 'M ,::. N 'T·. P I~ n :r F C.T •• 1"0( • ...~....., •• _ ..... .", "" .0.. ..... .... .0. . .. 0. . .0. 

f, .. (:) U :r: i:> x·:. 1::: I~ G E I~-- -:1: ·NoT·I:,; I~ ,'l';-I 0 "l".:t: 0 N A L _ :r N C '-'" -
... 

DESIGN OF QUARTEN,',R)I' ,CANt,LS' 
BIJ'!;ed"~!1 Cr'1 t lC/l'l' ':l'.~d:i'~·e 'Force 

IA:B' E . 'I SiDE SLOPE =. 1 2.5 

1< .. ·tt'oM 'Wldth/D~pth (b/d)=1.250 
Fr·.oud.' NUMber (Fr.l =0,100 
Tl''':lC t .IV'" Force (T·) = 0,200 
Co; (,:c:t'1(,n F'lJctol' (Cf) =0,840 
I< o'u Q h n ~ s" COo.! ff i c· ..... n t..._ Ofl--;.~.o....02S..,.... __ ~-:--____________ ~ __ ~ 

.IJ <l/sec) . . • _______ _______________________ ...J_._ .... -:_:-. ___________ ____________ :: ___ _ 

150.0 
iSil.n 
150.0 
1S0.0 

1 50.0 
150.0 

.' 150.0 
1-S0.0 

'. 150.0 

0.~694 0.29S5 ~~~580 0.001426 0.327 
.-- O. 380 0-__ 1l...3 114 ... 0 __ --u0 ..:A32o.8 ___ lLO ~.' 0.0 1 ??6_-,lI0 ~3:4 Z 

0.3900 0.3120· 0:4109 0.001067 0.365 
0.4000 0.3200 0';3906 0.000932'_ 0.38.4 

0.4100 0.3280 )0.3718 0.000817 0.403 
0.4200 0.3360 .01 •. 3543 0.000719 0.423 
o.~ 43 0 1L-1l.~34 4 0 n'-.:3.3a.ou.. ___ L, 0 0 0.bw.34,,-__ 0u.~41.. 4L ___ _ 

0.4400 0.35'20· '. 0',3228' 0;OnO'561 0.465 
0.4500 _0.3600._ .. ·0:.3086 _Co, 0.00049E! 0.486 

" " 1.50.0 0.4600 0.3680._ ... ,0,.2954 0.000442 __ . 0.50El_ .. _. __ 
'.'150.0 0.47.00 0.3760 '0:.2829 0.000395 0.530-

. 1:50. 0 .-~_.O • .4800 ____ 0. 384a---'---.,--'·0'.;271.3ol. __ .-JJ0~O'QO-353w. __ O"L553w. __ _ 
. 1S0.0 0.4900 0.3920 . 0':2803 0,0003·16 0'.576. 

150.0 0.5000 0.4000 .' .. 0.\2S00 0.900.284 0.600 

lS0.0 0.5100 0,.4080 ... 0·;24Q3 0.000255 .. 0.624 
.1-?0.(} 0.5200. 0.4160 " 0'.2;311 0 •. 00Q230. 0.649 
150.0--___ 0+5300._· _.0 .4240 '·O~2-=-?"-?.::l5 ___ n~QOQ2D8.. __ IL.67!1 ~ __ _ 
150.0 0,5400 0.4i20 .0;~143 0:D00188 0,100 
150.0 0.5S00 0.4400 _,.0'1,2086 0.COll17i. 0',726 

150.0 0.5600._ 0.4480 ... _1l:,'1993- .... _. 0.000155 0.753 
15H.0 0.5700 0 •. 45.60" '0.1924 0.000141 0.780 

: :, : .... : 150.0 _----ll. 5800 _-,,0 .• 4&40 . '0 .:.tiJss",_·-;-. _..elL0.Jl 0.Qi2.L9 __ -'LO'.L8~Z--,-__ _ 
,1 50.0 a .59.00 0 .4720 .' 0.: 1795 . 0.0001 i 7 0 .835 

',150.0 0.6000 0.4800 .. _'~_ .. 0·.1736 .... _. 0 •. 000107 __ 0.864 .. 
. :.150.0 0.6079 0.4863 " .0.:1692 0.000100. 0.887 
-----------------------------------~-----~-------~---------------

!,.. ,- -

- -----.. ;.------~......,--~-----

.. 
'" ." 

.. . .. 
t"/,r·- -a 
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LAM NAM "pON 
',. N'-Y ' ,::. C'·' I:> A· 'Y' ,::' X) ,., l J ,') A· , .' '1)"'::; V· ',:"./ C") ,:, M ,::' N"j I:' I~ C-) :r J::: C 'T' 
'" " I n_ .'.1.... I ___ '. . "';: "'. -:_ , ',": -:- • -:- . ..,. 

·I..:DU:J: ~:) 1·:{.J:::I~·C:';ER. .:t: NTJ:::,H N·AT.J: DNAL I·NC. -' --.. -. 
• , " I .' " 

DE~IGN .OF QUARTENA!ty CANALS 
Base~ on CrltlG~i'T~d~tiv~ 'Forci 

• II, 

. T,AF:Ll:: 4 SI'DE. SLOPE -- 1 :.2.5 

Bot~OM Width/Depth (b/d)=i.250 
~~au~Q NUMbe~ tFr) =0.100 

. , 

T:rnc~"ye Force (T) =0.200 
'ODrrectlon Factor (ef) =0.840 

. '. 

Ro UQ hn" 55 Coe ff ie i.ont -~)-.-;J) ... n2S.~o-'---'-·-';-· ~~~~ ____ .:........~ _____ -. -

Q (l/see) b· (1'1) d (,.,) V.:(·"'/5e~) S (,.,11'1) A (M A 2) 
------------------~----------...:---!.~'-----~--------.---------:---------

160.0 
160.0 
160.0 
160.0 

160.0 
160.0 
160.'0 
160.0 
160.0 

160.0 
160.0 

'. .160.0 
160.0 
160. O. 

160.0 
160.0 
H.O .0 
160.0 
160·.0 

160.0 
160.0 

.. 160.0 
160.0 
160.0 

0.3806 0.30·45 '0.4603 0.001384 0.348 
11.3900 --1l.3i2a . .....:~_~--438..:>3---.u040012B--D~36s...---.-. 
0.4000 0.3200: 0 .• 4167 0.001061 0.384 
0.4100 0.3280 ·~.3966 0.000930 0.4~3 

0.4200 0.3360 0~3779 0.000818 0.423 
0.4300 0.344.0 '0·.3606 0.000721 0.444 

----4~4400 __ __"0~3S2u.0 _ _;__-· ji_344.4 ... __ --1l040.0.0638--.1l0~ .. 4Q.6-"-5~-_...: 
0.'4500 0.3600.·':. ':0.3292 .0.000566 0.486 
0.4600 0.3680._' 0·.3151 : ........ 0·.00.0503 _.0.508 .. 

'I c' 

0.4700 .. 0.37~0 :· . .J.._.·P:.3018 ' ___ .0.000449 0.530'. 
0.4800 . 0.3840' 0~2894 0.'000401 0.55~ 

_._-0 .4900 ~ __ 11.322Q. ___ · ..l.\~ .27L7.L7--, __ .uO~ D'O 0359_'_' iJ •. 576...... __ _ 
O.,?OilO· .0.4000 ".'0'.:=.'667 0.000323 '0.600. 
0.5100' 0.408[) '0 . .',2563 0','01)029.0 0.624 .. _ 

0·.5200 0.4160. __ .':':'0',2'4:65 
0.5300. 0.42QO··· 6:23.73 

__ .. 11 ~540n_'_ O~A.:.'.::?.uO __ ,--· .uO, :.??86p..·--, 
0.~500 0.4400, U':2204 
0.5600·· .. 0.4480 ... - '_'. ~·: .. 2126 

. 

0 .. 0011262 0 .649 .. 
0 .. 011 023'7 . 0.674 
J1...o.0 0214 ___ .0"":'7.0 0,,-__ _ 
0.000i94 . 0.726: 

. 0.00017 Q . ."0.753 

0.5700' 0.4560 .. __ -'_.ti';2052 .. ·.0.000160 ... 0.780 
0.5800 0.4640' 0·.l.982 0.000146 0.807: 

_. Q.. 59 tl.ll ,---__,,0 _ 4 720 .' . 0;·...;1...,9""-.:;5'-· __ _D~ D.O OD.,3 __ .JL. 8;3 S ___ ~ 
0.6000 0.4800 . 0'.1852 0.000122 0.864 
0.6100 _0.488il. '. __ ._ .. 0'·: F92 0,,000112 .. 0.893 

. . 
. 10.0.0 0.6200. 0.4960 ' ~'. '.0';1734 0.000102 0.923 

0.934 . t60.0 0.6238 0.4990 ~,171~ 0.600099 
----------,-"'--.=--==::-"'_-::- -----'- .,::--::::.:-::::'-:':-:::-=:-:::'-::::-:;::-=--=-=-====-==-_.-; 
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,LAM N(')M, :'OON' , 
:rN"T'FCIX>ATFJ;) RlJI~AI 'DFVFI' nPMFNT' PI~,n:rF("T 
:':, : I::: (:) d :.: B ... D:",: 1«:'; ",: R ..... :1:.' N"1'; I:,";'I~' "::;'A 'f: .J: 0 hi A L, :J:.'N C ::: ".- -. 

'1 AB, .E', 4 

DE~IGN OF QUA~TEN~~Y ,CANALS 
l<t;lGt!d :D,n ,CrL t icul' ,..,.,:itt;ive 'Flirco! . .. .' . 

SIDE ~LOPE - 1.: ,2,5 

90ttOM Width/Depth 
~l"O'U'rl\~ NUMb\~r' 
Ti"I]C'1ive Force 
~orr~~tlon Fuetor 
Ro,ug!ln~:;c;i. Cuefficient 

(bid )=1.250 
i.rr) =0.100 
(T,) =0.,200 
(cn =0.' 840 
(N), .. "'lLD,Zc;;;).-:-_,_:--_______ -:-______ _ 

, Q (l~see) b (M) d (1'1): ,~ .. (;'/set) S (M/M) A (M h 2) 
-------------------------------~--~------------------------------

170, a 
170.0 
170.0 
170..0 

i 70.0 
170.0 
170.0 
170.0 
17U.O 

170.0 
,17U.0 
170..0 

'170..0 
170.0 

170.0 
170:0 
170.0 
170.0 
170.0 

,170.0 
170.0 
1'10.0 
17U.O 
170.0 

i 70.0 
170.0 

0.3914 
0.4000 

.0.4tOO 
0.4200 

0.4300 
0.4400 
0.4S00 
o .4600 
0,'4700 

0.4800 
0.4900 
0.5UOO 
0.,510n, 
0.5200 

0.530Q' 
o ,i:i4 0 d 

, 0.,5~00' 
0.,5600 
0.,5700 

0.S80cr 
0.?900 
0.600n 
0.61'00 
0.6200 

o .6300 
O. (,391 

0.3131 0.4625 0.001346 0.368 
. __ .IL320lL,-__ ..JJ:..A4.2L7 __ ,~~ 0 Oji 'l.w..8_--",0 ... 38f1L-__ 

0.3280' .0.4214 0.001050 0.403 
0..3360, ~.40i5 0.000923 0.423 

0.3440 ,0~3831 
0.3520 :0.3659 

.. o..360u.0~, _~,....:ll.:;3A.z91:l8 __ 
0.368'0 ' , .0'.3348 
o .3760 "~' ,0.3207 

" 

0'.000814 0.444 
0,000720 0.465 
lLJJ 0 Ob3:z.9 __ J.L0 .ABb 
0.000568 0.508 
0.0'00507 .~ 0.530 

0.384'0 .'_',':0,307'4 ',_,_. 0,000453 .. _ 0,553 
O.39~0 J.29S0' 0,.000406 0.576 
O,AOML1---"..,-,_,,·n .2fllL-_......llIL 000364-_'_'::0.60.0 ____ _ 
o .4080 .9, :'2?-23 0:.000'328 0 .62'4 

:0.416(1 .O,,26FO 0.OO(}296 0.64'9 

0.4240 ~,.0:.2522 ,0,000267. ,0.674 
0.~320 ,0','2429 0.0002420.7-00, 
o • 4400_'_' _':_JL23.4'-':>:...-__ 1I., .. ,0 0 (121.9 __ ....:0.. 72L_' __ 
0.4480: ,: '0::2259 ,O,.OOIJ199' 0.753 
o .4560 h,,2180 0: 0'00 1!31 0.,780, 

" . 
0.4640 o',21ob 0;000165 0.eb7 
0.4720, ,IL2035 0'.000151 0,835 
0, 4800._,_~, "-,', n .i961:1.8 ___ ,IL,Oll 0138 __ .. 0,864. ___ ,_ .. 
0.4880 O.~9p4 0.000126 0.893 
0.4960 n,~843 0.000116 0;923 

0.5040 
0.5112 

O' .1785 
0,::1734 

0 •. 000106 
0 .. 000098 

0.953 
0.980 

_ .... _------------_._------------------.- ---.-- - _._------- ----------------- -._------- --_ •. ---_._, 

, - _._--, '-. -...:..-- -_. - --.- -- - ----------- - -.---_.- -, ' 
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http:T'ret,.ve


I 
1 
1 
1 
I 
1 
1 
1 
1 
I 
I· 
1 
1 
1 
I 
I 
I 
1 
1 

. ' . . 
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;[ '~'-1 T E ~:.; k :(.:1 T ",: n I~ l J I~'A I i.:> I'" V 1':'1 . (") P M F·N T P 1"-:'0 'j' r:' ( - T 
.. LOU .[ G X·:{ E I~ 1::.; ",: I~' ... ]; N"F a:;;'I~' N":0 ·t· :ni ~ A L. J:'N ·C:: .. ~ .-

, . 
DES'TGN OF QUf\R'TE·NAR.'I' 'CANALS 

Based ~n Cri~lc~i: T~Q~~ly~' Fo~cc 
'. . . . .".',,' : . 

SIPE SLOPE - 1·: 2.5 
..:. -_.- -----.---.-~-...:. ...... .;-.:...-------: -------' ._----.------ -

~O~~OM Wldth/Depth (b:ld)=1.250 
(Fr) =0.100 
(n =0.200 

.. 
F:;' 0 ude Nu,.,l:~r 
r'rac';' i've Forct! 
Cprr~~tl~n Factor 
R~ugh~esij Coeff£cl~n~. 

(Cf) =0.840 , 
'N~ __ =..0 _0.25 -,...--i.,.....,.. ~ _____ _ 

, ' 

Q <l/sec) 
,'--- ---------- -----------------~--'--------------------------------

:180.0 0.4018 0.3215 . '6 .. 4645 0.001311 0.388 
180.0 0.4100 . h_ O. 328iL7:"--, ... :1) ._44.62-. O~.O OH7.~_..o . .:4 03, ____ _ 
HlO.O 0.4200 0.3360 . \0:4252 0'.001035 0.423 
180.0 0.4300. 0.3440 ~.4056 0.000913 0.4~4 

1f!0.0 
180'.0 
HIO.O 
'180:0 
1BO.0 

180.0 
180 • O' 
180.0 
1 8 () • O· 
180.0 

180.0 
180.0 
180:. O. 
i80.0 
1BO.O 

180.0 
iBO.O 
180.0' 
HlO.O 
180.0 

'1.80..0 
'. HlO. 0 
: 180..0 

.. 
0.4400 . 0.3520." '.' 0';3874 0.000808 0.465 
0.4500.· 0.3600 "', '0.;3704 0·.0007f6 0.486 
O. 4600 ____ .0 .3680_:.:......:.:_:....lL3s..4.4. ___ .0~'0 006.37. __ .lI..SD.8·~ __ _ 
0.4700' 0.3760':' ",0.·339S '0 .. 000568 0.5.3.0: 
0.,4800 0.3840',' :,0,:.'3255 0,.000508 .. ,0. •. 55:3 

",', ".'" . 
0.-490.0 ,0..392.0.· ':~·,.Q:.j1,24 0.0.00455 __ .0.579 
O.SDOD,' 0.40.0..0 .', ,~'!;3DOO 0..0.'0040'8 0.600 . 
0.51;00 _.-__ 0. 4080 __ '_',_.'_..lI:~2,8,84 0:.:00.·0.368_ .. _.0 • .62.4...._· ____ . 
0..520.0,' 0. .. 4160 ",'0.277.4 0,'0.0.'0331 0.649 
0.5300.: 0.4240 '.'0:2670 0'.'0.'00.299. 0:67.4 

0.5400 0.4320.' ~:~572 0.:0.00.271 0..700" 
0.~5DO· . 0. .• 4400. .0.:.2479 0..:0.0.0.246 0..726:·' 
0. .5600.: . __ 0:.4480 ___ ' ...l1.,'.z39.:.?_' ___ IL.D a 0223._--,,0.153 __ '_. __ ' 
0.,570.0.: 0..4560 '0'.230.8 0..0.0.020.3 0..780· 
0..5800 0.4640. "':0'",2229"" 0,.,0.0.0185 0..80.7' 

. , ' , 

0..590.0 0..4720 r.2f55 0:0.00.169 0..835 
0.600.0' 0..4800.. "~~2083 0:0.00.154 0..864 
o . 61Q.0._:_. 0.. 4880..---;-'--_0 .20..10.6 __ . .D. 0 O·01.4L-_.O ,a?.3. __ 
~.6~OO·· 0.4960. Oi'9~1, 0..00.0.130 0..923 
0.630.0 0.5040 Oi1890 0..00.0.119 0.953 

0..6400 0..5120. 0~i83i" 0.00.0109 0.,983 
0.;6500. 0..5200. ,fr.~775 0..00010.1 1.0.14 
0..6.5.38 :_-'- __ 0.5231 __ .:.,:""_:0 ~'iZ54"-___ 0 .• 000 0.98 __ .1~D26 .. _. __ .. _; 

------------------------------------~----------------------------

, . 

. . . . 

, 
" 1, 

-,---....,_.-'-:_--- -- ._-- _ .. _._ ... '-"-"- .. ' ._. .. " 
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, LAM NAM, OON 
:I; NT E G'~ (.:\ T F X) I~ UI~ A I... n'l::i,V'l:,:,L c) P:MEN,T. P I~ D:r E C T 
.' '.1.. 0 l.J:I: S X':<I::: R (.; ",: I~ . :I: NT E i~ N A'T :I: (;~ N:A L :t:: N C . 

DE!,.IGN OF Gll,J(\RT.ENARX" CAN,ALS 
BIl "c d on Cr 1 tie III T-r,cic t.r u e, 'F 0 r e e ' 

'.' 
1 Af,L[ 4 SIDE SLOPE - 1 : ·2.5 

._. "-'''---
: '8dtto" W~dt~/DQPt~ 

. , 'Fl; o'ude: N\;Mb,~r 
Trll'ct'lve Force 
Ccirre~t~on Factor 
R?ughn~ss Coefficient 

(bid )=1.250 
(Fr) "'0,100 
(T) =0,200 
(cn =0.840 
'N) ... =U-.1l2S 

Q (l/see) b (M) d (M) , \I <'~/sec) S. (M/M) A (M A 2) 
-- -----.- ----------- .... ----------.... ---7-:---------------·----:..---------

190,0 
190.0 
190.0 
190.0 

190,0 
190.0 
190.0 
190.0. 
190.0 

, . 1·90.0 
190.0, 
190.0 
190,0 
190.0 

190.0 
190.0 
190;0 
190.0 
1<'>0.0 

190.0 
190.0 
190.0 

. 1'9 () • 0 . 
, 1YU. 0 

'. 1.~' 0 . 0 
.1.90.0 
: 190.0 

0.3296 " ~,4664 0.001278 0.407 0.4120 
0,4200 
0.4300 
0.4400 

'-_.j) .3360 _-----'-:Ii,. ,HBa ___ D. 0 o HS3 __ 0.L:423._ 

0.45110 
0,46'00' 
0.4700: 
0.4800 
0; 490 0 

D.344q· ,0,4282 0..0.01017 0..444 
0.3520 ·0:4089 0.000900 0..465 

0.3600. '. ,','0'.3909 0.0.0.9798 0.486 
0..3680 : ,', 0: .. 374i' 0 .. 000710 0.508 

_ .. 0...32 6.JL_-'-',.JL:358A......:.._--"o,.: 0 0 0 6.~-.lL.s:3Jl_,,--__ 
0.3840 'D.3436 0.0.0'0566 0..'353 
0.3920 Q~3297 0.000507 ..•• 576 

, ' 

0.5000· 9.4000 .'0.,.;3167., 0;0.00455. 0.600. ',. 
0..5100 0.4080. . 0:3044 0.~0040~ ~.6~4· 
0.5200 " _. Jl.A16.1L_~,.2.9ia. ___ D.;,DD 03.Q9._~O L649 __ ...--_ 
0.5300 0'.4240. '.' '0.'28i:8' O.o.0033!1 6.674' 
0.S400·' 0.43::!D ,"0'.,2715 0.00.0302 0.700 

0..5500' 
o .S6UO , 
0. :5'70.0 . 
0.580.0 
o . >i9U a 

0.601)0 
0.6100 
0.6200 .. 
0.6~~DO 
.0.6400 ' 

o .65f,D 
0..660.0 
0.6681 

," . 
0. .4400 ·0',2617 Ii .'0.00274 0.726 
0.4480 .: ()'.'Z52A. 0'.000249 0.753 . 
o ~4S61l __ .. ~a,:z.437,_·--_.o:. OQ0226. __ ..JI. 780 __ ' _._._ 
0.4640 . ,0'.2353 0.03020.6 0..807 
0.4720 , 0' ""74' 

• I :£,;..~ . 0.Oq0188 0.835' 

0.480.0 ' ·0. .. 2199 0.b00172 0.8b4 
0.4880., ,0:2128 0.000158 0.893 
0.4960._·_'· ' .Oi20S9. ___ ..n.OODH~ __ Q.923. ___ ._. 
0.5040 0.1995 0.0.0.0133 0.953 
0:5120 n;1933 0.000122 .0.983 

0.5200 0.·1874 0.000112 1.014 
0.5280 ':0'.·.1817 0.000104 1.0.45 . 
0.5345. ...... __ ,0 :.1223"'-__ .... 0 .• 0 a0092 ___ L 07.1 ... _____ .' 

, " ~ I --,-- - -- -------- ------- ----------""':"...:------,...--:--------------::--------

, , 

, . . - .. _-- ,-:--;- ',---------:-- ---
. ' . , , ... 
, '. ,,' " . ' ,' .. . . " 

. ". 

. --'-- -- - - - . 
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·I._AM NA'M ',C)ON 

TN T"Ff·-r· AT!""D '~lJHA" x:>r:·.v',:;·, T)PM'FNT PI~D:rt:::CT 
':' . . '1::' C·; l~ :t:~:> ... n I;:: I~ t:; t::': H'" :1:' ~J .y:: t:S"~' N A '1: :1:.0: N A L. .1: N C . ~- ' .. ~ .. -. 

TABLE 4 

. 
· B'ottqM loIidth/Deplh 
· F~oudt~: NUMb\:r. 

. DE~[CN OF QUA~JENARY ~ANALS 
B~sud'on C~·L·t{':Ql·~~~c~~v~' F6fce. 

(n/d) =1. 250 
(Fr) =0.100' 

... 

" . " stDE SLOPE = 1 ::.2.5 

: Tr,Jctl:ve Force (T) "0.20'0 

'. 

· Cbrrectlon Factor 
R~ug~ness Coe'FiciEn. 

(en =0.840 , 
(N)· ;ll •. ll2S. -'---'...,.-'---:--______________ _ 

, . 

Q <l/seC> b ("') d (",.) , Y <-!'I/sec) S (",1M) A (",'2) 
-----------------.=-------------~--:-.-~------:--~---------..:-~--------. 

?OO.O 0,4219 
200.0 0.4300 '. 

0.3375 0·.4~83 ·0.001248 0.427 
o . 344 il '.:.D ~.4SQJ..7 ___ .Jl ~ 0 0 i127._--1JO . ...E.44~· __ _ 

200.0 0,4400 
200.0 O.4~00 

0.3520 '0 .• 4304 0 :000997 0.465 
0.3600 ".' '11'.4115 0.000894 0.486 

• I. .:" 

200.0 0.4600 (J,3f.80 :' .': b'.39·38 0."00:078.7 0.508 
200.0 0.4'700 0.3760: . ~.~772 0;.000701 0.530 
200.0 0.4900 ... 
200.0 0,49'00 
200.0 O.SOOO 

0.3B40 ' "O~3617 n,.OOO6..27. 0 .. 553-,-·_,--_ 
(J .3920 ' b .·34'71 0 :000562 0 ;.5·76 
o .4 no 0 . ' .. _.'. (l:' .. 3~3,3-- .. 0,:.00050 'I. _'. 'P .600 . ___ _ 

, . 
200, O. 0,5100 
200. O. 0.5200'· . 
200.0 0.5300': .. 
200.0 o .5400 
200.0 0.S500· 

11.4.090. _{ .. ~.~ .. :'Q:::.3204 .~ .. _ 0.000:154 __ :0.624 _ .. _. 
0.4160 .' Q~~Oa2. 0~00040~ 0.649' 
a.4240 0' ."'2"'90.67':-__ -"0 ~O U·037 .. u.O __ D . ...674t... ___ _ 
0,432.0 ····:·'0;213.58 0.0'00334 0,700 
0.4400 ·.'_'_~,O;2755 ...... D·~'000303 ... 0;726 .. . 

200.0 0.5600 
200.0 0.5700. 
20 O. o· . 0.S9UO 
200.0 0.5900. 

, ,", I: . o .4480. __ ... 0',.2657 __ .. 
0.4560: '.: 0'.'25(,5, : 
O.464a .'2477 
0.4720 ,'·0:2394 

0.~00276 _ '0.753 
0.000251 0.780' 
o'~ no Q22.8 __ 0~8.ll0J..7 ___ _ 
0.Ob0209 O.8~5· 

200. O' 0.6000· o .4800 ___ '.~ 0'.2315 .:_ o •. 0'00191. _ 0 ,864 . .', . . " . 
?OO,O O.61l0 0.4880._', .. _.·.0 .• 2240 0.000i75 .... 0,893 

. 200.0. 0.6200 0 .. 4,960', 0' •. 2168 0,000160 0.923 
200.0 0.6301) 
200.0 0.0'400 

ll.SQ..1o...... .. ' . O~21.[l.(l 0 ~llo.U14Z 0,9.5...,30>.....:., __ 
0.5120 . ··0~.2035 '0.000135 0.983 

, 200.0 0.6500' 0.5200 .:_ ..... 0·~1972 ___ . __ .0.000124 .. _ .1.014. 
, 
'. 200.0 0.6600 

200.0 0.6700 
0.5280 0· •.. 1913 0.000115 1.045 
0:5360 :~~1856 0.1100106 1.077 

200.a 6.6800 o .54411-0 ___ 0 ~BO..:.? ___ .o. 0 (l 009 9"'-_J.L . .1..1..0 
200.0 0.6820 0.5456 0,:1792 0:000096 1,116 ---_._----- ----- -,-------------------------------------------------. . . . . 

.-

• , , . ;,. I • 

" j • 

. ': ... 
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.LAM NAM. bON . 
'I'NT'F'FP'ATFD '1:(: dl:(: AI I) I::"V 'I::' I' DPMFNT .PI~D:rEt::;:T 
.. . r---- (:) l~' :u:; ':'l':~J:~: I~ ~~; E I~ "~.]: N:f El~' N.ATC:I: ONAl;. .. INC --'- ---- -

'IlE!3I-GN OF' QL)ARTENA~Y' CANALS 
B'ls'ed o'n Cr L t lC'll-' Tr'lc'{iue Force . . , 

TABLF: 4 . SIDE SLOPE .• 1 2.S 

. : ·B~tto~:Wldth~D.pt~ 
: Fr' o:u(j'e, NUMbt'!r 

. 

(b/d)=1.2S0 
(Fr) =0.100 

, Tr:'lC' t,l ve Force 
, C"o:'rectlon Factor 

(T) =0.200 
(Cn =0.840 

, 

.' ·~oughh.ss CoeffLclen, ·eN) =.!h.1l.2S.-_---''--________________ _ 

r~ <l/sec) b (1'1)' d ("') \!' (,:~/s~c) S (1'1/1'1)' A (M~2) 
-~----~---------~-----------~--,---------------------------------

210.0 
?10.0 
21n.0 
210.0 

21.0.0 
210.0 
210.0 
210.0 

.. 210.0 

210,0 
: .: 2,1 ().-O .' • , 

: 210.0 
. 210.0 
. 210 .. 0 

210,0 
210,0 
210.0 
2iO.0 

'. 210.0 

'. 210.0 
210.0 

: 210.0 
210.0 

.210.0 

0.4315 O,345~ .' ~'4700 0.001221 0.447 
0.4400 _ 0 • .352.0.-,-_-'-' ......<LO ..A.52.u.O ___ u.O ~0.JJ1.l!0.:z.9.:z.9 __ Jl...'_46S, ___ _ 
0.4500 0.3600 d;4321 0.000975 O,4?6 
0.~600 0.3680 0.4135 0;000867 D.5QS 

" . 
0.4700' 0.3760:. ,,:0:,.3961 0.000773 0.530-
0.4800 0.3840 0.3798 0.000691 0.553 
o . 4900 -'-.--D..... 392u.O __ ~' d"", ...3b.4",4,,-__ .JLJI. 0. O,6o.1.r...;9'--_..JJ0, •. .;;lS",7 ..... 6_ 
o .50nO 0,.4000 . 0,;,3500 0 :000556 ,q .600 
0.5·100.', 0.·1'080 ,-': "O'.~36.4 .. __ .. 0 .. 000500 ... 0.624 ....... __ 

0.5200, '. 0.4160 
0'. 'S3Mi> :' 0.4240 
a. .540.0.:. __ ....0.....,432 b 
0,5\,00 0.4400 
0.5600 0;4480 

.' .. 0";'3236' 0 .-00 0~51 .... 0.6.49' •. ' .• 
, :- U' .. 31l:'S 0'-,000407 Q .6'14 .. :, 

" :' 0 .'.3UO:~i' __ ...-lLO ~D.Jl~9z... __ IL2.0.0,--__ _ 
: ",0' ,,2893' 0 • 0 0 0334 0 .726 

: .... ,' 0,'.:2790 0,,000304. 0.753.' 
, ' , 

0.5700 0.4560 _ '0';"2693,_'. 0;000276. 0'.780. 
U.5aoo 0;4640' ,0','2601 0'.000252 0.a07 
o .5200.'._ Ii. •. 4720 ___ ' JL.2;:).5~1 4"-.....:...._..JJOLo.. 0 0 Ono._---'oLo.. 835... 
0.6.000 0.4800 " '0;2431' 0.000210 0.864 
0.6100 0.4880' .. ,~ '0,:.2352 0.000193 0.893 

0.6200 0.4960" Q;2276 0.000177 0.923 
0.6300 0.5040"" 0'12205' 0.000162 0.953 
0'. 6.4 011 • _._ 0 • 512.fi. __ --'12J.,j 3~6~ __ 11 ~ QU 0 ~9z_ __ 1i .'2.83->--_..,-
0.6500' 0.5200 0,.~071 0.000137 1.014 
0.6600 0.5280 ..... 0'.2009 0.000126 1.045 

.210.0 0.6700 0:5360 ',0.1949 0.000117 1.077· 
: 2JO.O 0.6800 0.5440 0.'1892 O.OOUiOa 1.110 

, .2'10.0 0.6900 _0 .. 552.0. . O~'183B ll..;.JlOOi,O.O Li43 ___ _ 
'210.0 0.6954 0.5563 0':-~B09 0.000096 1.161 ' 

I}~;' : 
'-;-~ -~ - ----------.:...---~--------;...-~--..!..-..-:~------------:----------------

.' 
I] 

, , , 

.. 
" , 

" . ". : , ' 

" , 
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D[:"S:i:CN OF QUARTENAR'{·:CANALS. 
Basl2d on Critlcal ·1'r·ac'1'.i'vt.! Force: . . .' . ' . . . , ' , ... ' SIDE"SLOPE .- 1 

'. . - -_ .. -.~-.-~~., -------~--~-------, . 
", . 

B":tto" :Width/l)epTI1 (b/d)=1.2S0 . " 

: Fr:oud,!·'NuMb .. r, 
Tr:Il~11v.e ·Forc .. 
Corr'ection Factor 
:Ru:ug,h"".ss Coefficient 

. (F'r') =0,1·00' 
en ~O ,200 
(Cf) =0.8'40 

. , 

eN). _. ",u.~ 02;:)S~ _______________ :--___________ _ 

: 

... 

. . 

, 

'Q <l/<;ec) v ,(,.i 5.1 c )l 
, " -_._--------------------------------------------------------------

· 220.0 
220.0 

· 2;~U.O 
220.0 

· 220.0 
" 220.0 

.. 2~O.0 
: " 220.0 . ~~( a 

: ~&...,. ) '. 

220,,() 
. 220.0 

: ',220,0 
:: 320 .. 0 

" 220.0' 

': 220.0 
: 220.0 . 
· 220. n 
220: 0 

'. 22 U .0 

· 220.0 
· 22'U .0 
.220.0 
:22U.0 
·220.0 

, . 
0.4408 0.3527 '0,4717 0.001195 0.466 
0.4500 __ ._ O. 360"'O--, __ --"Oc.,At:;"'2:...1.'Z'---_-'l • .D 0 1 07~-.OL486, ____ _ 
0.4600' 0.3680' '1l,4332 0.'000952. 0.508 
0.4700 0.3760, _,,·(L41'50 .. __ 0.000849. 0.53.0 , 

. '. 
0.4800 0.3841 . ~.3979 0.000759 
0.4900 0.3920 '~:381~ 0.000680 

0.553 
0.576 

o • 5000 - _ ,--0 , 400 .... 0 ~_~. -'JO<:..: .3Q.bQ.b7L-__ ll .0.0 Oh.iD ___ .u.O~ • .06 u,o,,-_____ _ 
0.5100: 0.4080' "0,;3524 0.000549 0.624 
0.5'200. 0,4160 .· .. ~:..:.',0·,~390. ___ 0.000495 _0.64.9, .. 

,. .' I' 

0.5300 0,4240' .-~,.!_·.O:.3263· .. _:.-,_ .0.000447 0.074 ....... _ 
0.5400·. 0,4320' : .. 0".,3144 0.00(}40S: 0.700 
0.5500 . __ 0.4400 . '. ,·n:.::3njn 0~'otiQ367. __ · tlJ>.26..~~ __ 
0.5600:.' 0.4480'.',: ·Q .• 2923 0', iJ 0 03:3'3 0.753 
0,5,700.· Ii, 4560', .::;-,_'. :·0,:;:282~ .. _<_.. 0.000'3'03 0. 'Zao:: .. _ 

.. : '.' 

0.58t10· a,4641i._._.:,.:-0;:Z72S: ___ .. (L000276 .. 0.807:·. 
0,5900· 0.4720 ,'. ',0,.2633: ·Q;0002·52 0.835 
0,6000 _. _0. .A800 . . 0:.2.5.1.".0-:-___ 011...0 Q 02.3 ...... 1 __ --"0c. . .BQ.64::-:-:-'-___ 
ll.'6100 0 .. 4880 ': . :0:,:241,3 0.000211 0.893' 
0.4200 o.496n._._c_.O,~238S ... :,_ .. 0.000194~_ 0.923 .. '._', 

0.6300. 
0.6400' 
0.6500 
0.6600 
0.6700 

0.5040'_ ,_>0~'231Q _.: ._. 0.000178. 0,9~3 
0.5120 ,,' : :0;2238.' 0.tJ001b4 0.983 

__ 0.520 0 : 0.21:10 . o~ 0..0 OJ,S1 __ ... 1~, ,O_f 41. ____ _ 
0.5280 , . 0~210J 0.000139 1.045 
0.5360._._:_"':'.0',',2042 .. :. _ 0,.000128 ___ 1.07?_ 

220,0 0.6800 0.5440 "0'.:1982 0.0,00118 1.110 
·220.0 O;6~Og 0.5520 0.1925 0.000110 1.143 
:220.0 0.7000 0.5600 ..-0·.1871 O~0001Q,l 1.176"" ___ _ 
'220.0 0.7085 0,5668 0,1926 0,000095 1,205 

----.:...-.--:-'------------.----:,------.. -----r-!...------------'-------:---.-:----

, , 

, ... .. 
' . 

, /: I 
, • , ~ I 
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DES~dN OF QUART~~4R~~~ANALS, 

Based on Crltlcai :r.r'a:cf:rv~" Fo:r'ce 
l' • ," 

" ' 
, .' ': . ,: .. 

•• " • I 
, , . '.' 

• I. ','1 •• ' 

, , . 

_. 1 :.'~ .. ~ 

, I1ot1'o";, Width/Depth 
, :Fl'ou{!e, Nu;"ber ' , 

,<bId )=1.250 
(Fr) =0 ;100 
<Tl '=0.200' 

',' . 

I ,:, Tr<:ic't'l VI! F or'ce' 
" ':Conr~ctio~'FaClor 

'~o~ghn~ss Coyfflcleot 
(cn =0.840 :', 

I " 
1 
I 
I, 

" 

" , 

, ' , 

<N) ~~~2~S~_~~'~'~' ___________ ~~ ________ ~~ __ ___ 
. '" 

" . ',. 
- .... 

Q (l/sec) b (,,.,) d (,.,) ,V'(',M'/sec) 5 (I'll,.,) A (M~2) : ____ _____________ ..:.. ___ .:.. ____________ .:...~-,---2..----------------_______ ~ 
'2311 . 0 

:'230.0 
, 230.0 
, ,230.0 

, '230.0 
,'230.0 

230.0 
: 230.0 
,'230.0 

, '23'0.0 
'230.0 

: ,230.0 
,,230.0 
, 230.0 

, , 
, , 

0.4500 
0.4600 
0.4700 
0.4800 

0.3600 0.4733 0.001170 0.486 
----!l'...36a"'O, __ -'--_..1l.._~S2~ __ -..-IJO,. D,Ili D~4ILO _--.!JOL.., • .s.O.c.8 ___ _ 

0.3760 '0;.4338 0.000928 0.530 
0.3840 ,,', 0.'4159 0.000829 _ 0.553 

, , 

0.4900 Q.3920, "~.~991 0,000743 0.576 
0.5000 0.4000 ' J.3833' 0.000b67 0.600 

, ',O$B.4~,-'_~-"o ,fLO 0 6'lLO 110 ____ ' 110 ~6tL?c,4!L.' ____ _ 
.',:"U.:3544', 0;000541, 0.649 

0.51'00 ---'1.4nBO 
0.5200 0.4160 

• :"_' 0:.44'12 ' ____ , 0.'00'04'89.. ,0.674 .. _____ ,~. 
I • I • 

0.5300 ,0.4240" 

0.5400'. 0.4320 .. _,~, .. :il':132'86'_~· .. -D.00D442 0.700 
O',5S00' "0.440'0,', 'O,.::n68, 0.0,00'401 0'.'729 

, .. 0 .560 0 ,-~..-44SJl' ," ,0 ,.z.nS6 ' 0..J)1l0364 ___ J.l.O..J,7;,.5..:.3--O.-, _---.:..:... 
.' 0.5700 " '0,'4560 :,,::,: .. '0>2,950' O'.Oa0332 0.78,0', 
,0.5800 ':0,'464'0:.;":,,,,0;2849,._. 0.0110302' 0.?07, . . ..... . . ',.'~ .' . 

I 
I 
1 
I· 

;: :':,:<30 • 0 ' 
,'" 230.0 

0;5900 ',' 0.4720 '",-:0- ;jJ".Z7,?3',: __ ,0.000276.. 0.835, 

I 
I 
I 
I' 
I 
I, 

, , 

',:: , 

:230:0 
", 230.0: 

: 230,0 

'~30. 0 
~30. 0 

.' 230.0 
, , :230.0 

:2,30.0 

o .6000 " 0.4800, , : 11'.2662 , 0 • 00'0252 0 . 864 
o .6100 __ ..: 0 _liSBn: ' " n.~S ' L (1.0 02..3 ..... 1_-,---<0'-', 85:'",3 ___ _ 
0.6200 0.4960 .. ': 'O,;,a~93':- 0.000'212 ·0,923,' 
0.6300 ',0.5040,' ~ ,:,0'.2415" , 0.00019:4:,0'.953', 

" ': 
, ' 

,0.6400 ' 0.5120, __ ' 0:2349 0.00017,? __ 0.983:' 
0.6500 '0.5200,' 0:2268 0.00D165 1.014' 
0.66011,,--,--.0 _SZ8,O "n.~'?;:>o.o ____ JJU..JlD 0 lS2 __ L.O~ __ 
0.6700 ' 0.5360 " ',,(r.2~35' 0.000140 1.07'7 
0;68QO ,', 0.5440,: ,.:...:_ ,O;~073 ' 0'.000129, 1.110 

. . . , . 
• ' " I 

230,0 0.6900' 0.5520 0~2b13 0.000120 1.f43 
,230.0 0.7000 0.5600 0.1956/ 0.0001'11 1.176 

"'230,.0 0.7100, ___ JL568n. O....15>..ol! 0.J)(l.010.3 ____ .J.L2.1JI ___ _ 
'2,30,.0 0.7200 0.5760 ,,' 0.1849"" 0.009095 1.244 
230.0 0.7212. 0,5770 0(1B~3 0.000095 1.248, 

• • • I • 
I- ___ .-: _______________ .:.._-:~ __________ :_--..:.-~-------'------_____________ • 

, , 
, ' ',i 

.. f 
, , 

" ' 

. " .. 

, , . . '" ,. I' . ',' 
. " ' 

... ' ·.i. :,';: 
, ' 
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N SH,N OF QIJr-,RTENMY' CAN,~LS 
Based Qn Crltlral Jr~6five Force 

·TABLF. '4 
•• < , 

SIDE SLOPE • '/ I' ... 
, . --- -, --'-"':-~~---"~' ---'---'--~-~--

" 

, B:otto,,; W!dth/Depth . (b.(q )=1 ,250 
.' ::Fr.' ".'·Ide: NUMb .• '!' . .(FT:> =0 .~OO. " . ", 

.' ' 

" 

, " . 
T:r.rct!·.vt:1 Forc;e ·n) =0.2.00' '.' 

... (.orr.ec~i·o·n Fact'or (r;f.) =0.840 . 
. ·R~u.glin~ss Co.:>ff !clQnt' (N)'. =-D.·02S -_:_-"':""".-;-,.,... __ ~-~_-,-----~-----

. '. 

:.Q .(lI!:'ecl d (M) 'v (·.M/sec) S (Mit-i) 

.-:..:..-------------'--------------~~-.-'----~-~--.:..---------.------:--------

240.0 
240.0 
240.0 
240.0 

240,0 
240. '0 

.240.0 
240.0 
240.0 

240,0 
240.0 
240,0 
240,0 
240; 0 

240,0 
.. 240.0 

24 () . 0 
240,0 
2'40. o· 

240.0 
240.0 
240.0 

. 240.0 
: 240,0 

0.4589 
0.4700 
0.4800 
0.4900 

0,3671 0~4749 0.001148· 0.505 
.0.3760 _, ___ ._-1l..AS2.7. __ --"O.O 0 HliL __ ll •. 530 _____ . 
0.3840 . '0".4340 0.000903 0.553 
0.3920 ,0.'4165, _ ...... 0.000809 0.576 

0.5000 0.4000 0.4000 0.000726 0.600 
0.5100 0.4080' ~'.'3845 0.000653 0.62.4 
o .. S:WO - - _ 0 .416!l _; __ ._IL..36.9·.cAL-__ .llO. 00 058.2,.,.....-_-,,0 • .b.!~ ___ _ 
0.S300· 0.4240 .~;3S60 0.000s3i 0.674 
0.5400 0.4320 0.3429.. 0.000482 0.700 

0.5500' 0.4409 ' .... Q:.33·06 0,'000437 0.726 
0.5600 0.4480 . 0.318~ 0.~00397 0.~53 
O. ~70 O· '-._ O. 4~60 _ .. ': 'Q,.3Q7l:1.R __ --"Lo·o.il3i.l __ D.. 780\1-__ _ 
0 .. 5800 0.4640 ,', 0.2973 0:000329 0.807 
0.5900 0.4720 ,."0'.2873 0.00'0300 0.835. 

0.1>000 
0,6100 
0.6'200 
0.6300: 
0.6400' 

.. : ' 

0.4800 _ 0',2778 .. ,_ .. 0.'000275 0.864 
o . 4880 . . .. d', 2687 0,000251 '0.893 
0.4960. " '0 '..2bo..L-~_ll-;.!l1l 0.23l...1 __ .0 •. 923 
0.5040' '. '·,·b:,~.2520 ·0.00021~ 0.953' 
0.5120,' ·._ .. !l;244:1. __ 0.000195 0.983'.· 

'" :" I ':' • 

0.6500: 0.5200:' ,.,::'ti .. 236:7: ..... 0.000179 1..014 
0.6600 0,5280," '.0 ... 2296: 0.000165 1 :045 
0.6700 '. __ .D. S3bO ...... --'-: ...,'.u0· ;o??A,,-·~_--U.O ..... :D.QJl152 i , 07.2~--_ 
0.6800 0.5440 . '0'.2163 0.000141 1.110 
0.6.900. O. SS20 _. '.; 0":'210,0, _ .. 0 .• 090130 1. 143 , , 

• 
. 2411,0 0.7000 0.5600.: '0'.2041 0.000121 1.1n 

240,0 0.7100 0.5680' : ',0,',-1984 0.000112·1.210' 
: 240.0 0.7200 .. 0.5760'-._,_· ... 11:..1.922. O.00010.!4. __ L2A.4 ___ _ 
.240,0 0,7300· 0.S840 0.1877 0.000096 1.279 

240.0 0.73~6 0.5869 O:iSS8 0.000094 1.292 
~-------~-------------.---------~~~-~-~-----------~---------------. , 
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" 
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DESIGN OF (JUAR'TENAR,Y CANALS 
Based' on Crltlc"i ',r.r-,aa~!ve .Force 

, , , , 
, , 

SIDE SLOPE = 1.: :2,5 

~OttOM W!dth/DePt~ 
. 'Fi-~ude' NUMber 

('b(d)=i.250 
(fr:) =0,100 " 
(T.) =0,-200 I 

, " 
", 

, , "T:rac ti,ve Fore .. 

: 
: 

C~irec~lon 'Factor 
R~~9hrie~s Coef'&cl~nt 

(en =0,84,0 
(N~. =Q.a2sS ____ ~~,~,----~---------------------------

" 

Q (l/see) V '(i-I/sec) 
, " 

--------------~--------------------------------------------------
250,0 
250.0 
250,0 
250.0 

250.0 
250.0 
250.0 
250,0 
250.0 

25U.0 
25 II • 0 
2SIJ.O 
250.0 
2S0.0 

~s () . 0 
250,0 
?SO.O 
250.0 
2S 0 • 0, 

;?S 0 . 0 
:?so,iJ 
250.0 
250.0 
25'0. U 

250.0 
250.0 
2~)(l.O 

250.0 
2~)O. 0 

0,4676 
0.4800 
0.;4900 
0.5000 

0.S100 
0,5200 
0.5300 _, 
0,5400' 
0.S500 

0.5600 
0.S700 
a .saoo .. 
0.5900 
0.6000' 

0.61110 
0,6200, 
0.9300,-
0.6400' 
o .6500 

, ' , 

0,374i ~.4764 0,001126 0,525 
o . 3B4 O-'-____ 'cuO,_4:O'S.:.?.J.1 ______ '''-0 .00.09.811.0 ____ OIL..' 5::..5,;t3 __ _ 
0.3920 a.4338 0.00087B 0,5~6 

0.4000 ,0.'4167' 0.000788 0.600 

0,4080 
0.4160 

_ 0,.42.40 
0,4320 
0.4400 

0.400S 0.000709 0.624 
~,38S2 0,000639 0,649 
o 32.liO~8 __ ~0~,OOOS2.~2 ____ ~0~7~4 ___ ~ 
f.3572 0,00052~ 0.700 
0'.3444 . _ 0.000474 0.726. 

0.4480 P;.33'22 0.000431 0.753, .. _. 
0.4S6~ 0,3206 0.000392 0,780, 
0~4 6...4 u..O _'_' -7-'j) .JO..2:Lo7 ____ --,,lJD .:.0 Il '0 3 S2 ____ .ll.0,L8 O.L7 ______ _ 
0.4720 b.~992 ~.000326 0;835 
0.4800 ,._~ : 0.2894 0 •. 000298 0,864 

" ' 
0.4880 ,0:.2799 _._ 
~,4960 q~271B 

,.0 .5o.~-,-_'7' _',uo ?6?5 
0.5120 "0,,2543 
0.S20~ 0;2465 

n.000273 0 .. 893' 
0': 0'0'0250 '0. 92':? 
o • 00 OZ31L- _0 •. 953 ~----, __ _ 
o.ooo~~l 0.983'" 
0,;,000194 1.014' 

0.5280, Q:2391 0,.,000'179 1.045 0.6600 
0,67!l0 
0.680.0 
0.69110 
0.7000 

0.5360, '0:,23'20 0,1100165 1.077 
_ 0 • S44UJ0'--r ____ O:..:Z2S'.>.3 __ .........JJO ~ 0 ° 01.53._-1....110...:.._' ___ , 

0,5520 a.2i~8 0.'00014~ 1.143 
0.S600,. U'.:Z126' Q.000131 1.'176 , , 

0.~100 0.56B~ 0'.2066 0.000121 1.210' 
0.7200 0.5760 ,',0:'-200!i 0.000113 1.244 
o • 73U 0 ___ 0.584 ou---=--,-.-ll .i95"'S"--__ -uo ~ 0. 0.0 1.0 c:;"-_--li~. Z:l9. ____ __ 
0.~'400 0,5920 0,.1902 0,.000097 1.314 
0.7457 0.5965 0'.187.3 0.000093 1.33,4 

-~------------------------------~~-~~--------------~-------~-----

._- -'_._-----.----- ._------_ .. __ ._--

, , 
I, •• 

"~'1>'~" • 



I.: 
, ,"',' . 

:I.:.AM NAM·,:doN·, ;. . 
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. DESI'GN OF ·(JUI\RT.E(-l<'\R·Y: :CANALS' 
" . '." " '. Ba!ii'd QrJ CrJ.tlClll, ,Tr'Qctivt2 Forc~ 

, ' , ' .. '. , ' , ' 

., A.l<lE . '1 'SIDE: SLOPE = 1 :' 2 .. 5' 
". 

I 
-,---:--._--_._. -----". ... .. , 

. '~~ti~M 'Wid'h/~rpth ' .. 
f.t·:opdt! 'NIJMbt~r 

I · T~Qttivy Force 
'~Co'r'r-ect:ion Factor 

(bid )-=i. 250' 
. (Fr·>' =0.1'00 
(Tl ~O .200 

(Cn =0.840 t' 
. R~u~tl~ess Coefficient eN)' .=n.o~ __ ~~~·~·.~ ______________________________ ~ . 

I'" ": 
I, . , . , 

I' 
I·" '. 
I'.' 

.' 
I 
I· 
I· 
I 
I 
I··' 
I:: 
Ii 

.. 

' .. 
. : 

(J (l/sec) 

... , " 

, V:CM/sec) .. -----------------------------------------------------------------
.' 260.0 

260.0 
2b(i.0 

· :::l,O. 0 

· 260.0 
· 260,0 

260.0 
· 260.0 

2·60. ~ 

260.0 
.' 2:60 • .0 

.' 260.0 
: ' 260.0 
: ·.260·.0 . 

,260.0 . 
260,.0 

·.26U;0· 
'.·260.0 

: 260. a . 

: 260.0 
·26().0 
,260.0 
.260,0 

:'.260.0 

:21;>0.0 
,260.0 
·260.0 . 
·260.0 
.260.0 

, . , 

0,4762 0.3809. ~ .-0;.4778 0.001106 0.544 
0.4900' _ .. 0.3920.· n;..4Si.:.? ___ .D~DOO5'.~9._· _O....5Z""" ___ _ 
O. SOOO 0.4000': ' . 0.'.4333 0.000852 0.600 
0.5100 . 0.4U80 .: ... 'D·~4165 ~.000767 0.624 , , 

o ,52 (J () • 

0.5300' 
0.5400 
0.5500 : 
0.5600 

" ' 

0.4160'. ·'0:.4006 0',000691 0.649. 
0,4240' .. ':·.()',3857· 0':000'625 0.674 
o •. 4 32Q ." .. ' '.1i...3 .. 7 .... 1 S,,-__ .J.\O ~.n 0 0:565"-_---"0.......7:1[1), _____ _ 
0.4400 :' .:. ',0:,3581 (), 0 ° 0513 0.726· 
0.4480· . : .. ,., .. 0,.3455' . ..:. . 0.000.466 0.753 

" .', I. ,.' 

0.5700.: 0.4560'.:, ..... '0:;'~334 0,·000424' .. __ 0 .• 780 
0.5.El()0· 0.4640'.'.: :0 ... ~220 0·.000386 0'.807' 
0.5900 ... ~ --0.47.20" ... ' '. Ji~·3H . ...:? ______ ·-"L.ll 0 0·353---,-,--,,0 ,.83S..~ __ 
0,6'000 .. ' 0.48'00 · .. ····0' .. ;31:·09 . 0:.0003'22 0'.86"4". 
'0.6100 . O. 488Q' >0·:29i!· ..... 0,000295 0.,893'.' 

, ,,! I , ' 

0.6200 . 
0.6300'· 
0.6400 : ... 
0.6?00 
o .660.0 

. ,. 
0.4~60: ·'.·· . .'·O'.~·8ia: .-.... :0·.:~0·0271 ... · 0.923. 
0,5040 ' .. 0·:2·729' 0.000'2.48' 0.953 . 
0.Si20·· '. 0.:.2645' ·li.illi0228 ____ L.9a:L __ 
0.5200:· :0':2564, 0;000210 '1.01"4 .' ~ . .',' .. 
0.5280 '0 ,,~.487 ...... 0.000194 ... 1,045 

" ~ . 

0,6700 0:5360 .' . .-: '1l.;24l:3·_.. 0;0001·79 .... 1.077 
0,61300' 0,5440." o,:2343 0.000165 1-.11'0 
o .6900 ___ .. 0.5520' .D ·.22.7-'lS_~ __ I!LOlllliS3 1...143'--__ . 
0,7'000 0,5600·,', 0.,'2211 0.000142 1-.176 
0.7100 0.5680 _~~·.·.O·.:2149 .. ~ 0.0,00131. ___ .1-210 

0.7200 
0,7300 
0.7400· ... 
0,750D .:. 
0.7574 

0.5760 . :0:2G'9~0 0.000122. 1-244 
0,5810 --0.203!3· 0.'000113 1.279 
o •. S92D._'---_·O.;.i9.711.8..:...·· __ .0 _0.001.ns __ L 3tL __ 
0.6000' •• 1926 0.000098 1.350 
O •. 606Q 0.:~889 0,000093 1',377 

-:... ~-.:..------- -----.---~--------~--:-- ..... ~--:_t-----_:-----'--.----------.----. , . , 

• '. > ' 

---' --' --' -' -'. ~-, ._-'-_.--';---'--_-'--:-, '. , ,. , 
" 

, 
"" " 

. , 
.. I ,'i ,. 

• ' , ! f' . '" 
. , 'I·,' 

.. ' ~ :. ... ' . 
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DESION' OF QljARTEN~~~. CANALS 

Bnsed. on.Crnic.'lI. :T;';tc·t.lu~' 'Force' 

.' 
" 

SH'E SLOPE - l' : 
.' - -, • - - •• -""'7""" -"='-', i-;-..!.....>.-·-·-··----: --' ------... ----- - ._-

."ot~OM Wrdth/Depth 
Fr 0 II.de NU./'Ib,~r 

(b/d)=i.250 
~Fr) '=0,100 
(n "'0.200 
(.en =0,840 
(oN ~ :: 0 • fl.2S 

.. 
. 1 rI]C:T J vt£. 'Ff"'Ct.: 
·C:,)·;·r·e<'t.lo·n F'lrtor 
R~ug~ne55 GD~fflclent 

:0 ('l/~cc) b (/'I) d (/'I) V' (M/~ec) S ("'//'1) A (/'1·2) 

------.--- ----------------------'--r---,--~:_---.----------------- -----
270.0 
2'70.0 

'270.0 
27n.o 

'270',0 
'270.0 
27U,,·0 
.27U., Q 
'270',0 

'27.0,0 
:270'.0 
'270 ~ 0 
270',0 
'27lJ,O 

. 270; 0 
'270: 0 
27 (j .• 0 

. 271). 0 
.. 2';:'0.0 

~70. 0 
270,0 
270,0 
270,0 
270.0 

270,0 
270,0 
2::0.0 
270:0 
27.n.0 

0,4845 
0.4900 
0,5000 
0,5100 

. 0,3876 0 ,.4792 
" - O.392L. __ · "_O~.4.6."ao..6_ 

0.4000 0;4500 
0.4080 0'.4::>.25 

0,001087 0.563 
. __ 0.00102.4_--,,0 • .576.. ___ . __ 

0,bQ0919 0.600 
0.000827 0.624 

0.520'0 0.4160 '. '0',,4'161 0.000746 0.649 
0,53QO 0.4~40· .0':4:00'5 0.0'00674 0.674 
0.5400._ ... 0._4320_~'_O'.:38S8o._~--"O~0·006ifi-J.ZO.() 
0.5500 . 0.4400 .', O:.3?1.9 0.00.OS5.3· 0,726 
O. S6qO 0.4480 0 •. 3fii~7 0.000502' 0.753 

',' .: .. 
: 0.570.0 '0.4560 '.' .0::;3~6.3. 0.000457" 0.780 

O.SBIID .0.4:640. ·O:~~4.4·· 0.00"0416' 0.807 . 
o .5'90'0. '--_ 0.4720. ._'_._._' '_'D', 3252~_' _. _ 0.00,0380'_' _ u. 835....'-~·...:.:_ 
0.600Q ;0.4.800 0.3f29:· 0.0,0.0348 0.864 
0.6100 : 0.4880 f,~923' 0~0003i8. .0.893 

0.~200 
o . h300 
0.640'0.. 
0.6500 
o . 6600 

0.6700 
0,6800 
0.690'0 
0,7000 
0.7100 

o.noa 
(J.7300 
0.7400 .. 
0.7500 
0.7600 

0.4960 .0:2927:: 0.OOQ292 0.923 
O .• SO~O ... 0·-:2B3.4· .. 0.000268 0.953 
,0.51.0. _._'OJ) <2.7.4'.L7~-,--: .0.0 a 02.46_·.--.il; 983 . ..:._ '..: __ _ 
o , 5200 . 0 • 26,b3 0 . a Ii (J 227 1. 014'· . 
0.5280 . 0:.258.3 O.O{)0209 1.045 , . 
0.5360 . 0~~~06 O.00a193 1.077 
0.5440 '. 0".2433 . (). 0'0.01.78 1. 11 0 
0.S520 __ ~ __ ,. 0.2:3"&3. ___ 0..000165 __ 1.143 _.:... __ ._ 

.'0.5600 ·O·.2~,96 0.000153 1.176 
0.5680 0.2232 0.000142 1.210 

, . 

0.5760 0.2170 0.000131 1.244 
0.5840 .. 0.2111 0.000.122 1.279' 

. 0.5920. __ .• 0 .2U54 __ ._ .0. 00 a l1!l ___ L 314. __ ._~_ 
0.6000 . O;20~0 Q.000106 1.350 
0.6080 . iL19,4.8· ,0.00'0099 1.386 

. 27-0.0 0.7690 ,0.6152 ~'O~'19d3. ·0.000093 1,419 '. ' __ ,.!..:. _ ... _____ . _____ .:.."':' ___ .... ____ . ________ ~_..;.._r_~ _________ . __ :_-----.-------

.--.-. '-,--------_ .. _-.. -.-. . .' 

. '. ., . , 
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DESIGN OF QlfAIlT'ENARY: C(\t';I\LS 
B'ls'ed: o,n Cd t lcal ';Tr.'lC'i l·ot.! For:ce . ': ,", . 

SIDt SLOPE = 1 2.5 
_ ••••• L. ••• ~ __________ ~.~--' _. ___ • --- -,_ .. _--_._--- --. 

'BdttD~ Width/Depth 
'F;<ulJd;: :N~JMbl~r 

.. 1 r:at: t 1 u e . F 0 .... ce 
, ,L 0:/' / e t 1: 1 0 n F r.I C to,. 

.: FO;u.;J.llne:slt Cocff.i.cl~nt 

Q (l/sec) 

~b/d )=1.250 
CFr) =0.100 
CTl ,"0 .. 200 
cen =0.840' 
(N). __ "O .•. 02S 

d (M) 

, 

V "(M/sec) 
--- - -----.- ----------------------'-----'-:---------------------- - -----

0.3942, / '0:4806 0.001069 0.583 ·28U.n 
280.0 
2HO.O 
28il ,'0 

0.4927, 
0.5000 ... _ 
0.5100 
0.5200 

o .400L_' _~D·;4b67 _____ 0. 000988_' __ L600 ______ _ 

'2BO.O 
'280,0 
,280,0 
280,0 

·28U.0 

, , 280,0 
',280,0 
,280. a 
:280.0 
:2110. 0 

'20U.0 
213 0 •. 0 

, ,280.0 
280. O' 

'28'0.0 

, 28 ,0 .• 0 
280,0 
28'0.0 

. 280.0 
,28D.0 

2fl!I.0 
2811.0 

';?OU.O 
280,0 

'21:30.0 

0.4080, ~:44a5 0.000889 0.624 
0.4160 '0'.4315 0.000802 0.649 

0.S300 0.4240 'O~~153 0.000724 0.674 
0.5400 0.4320, O'~.460i' 0.000656 0.700 
0.550 a..o ___ 0 -44 0 0 _~,.......'!JJ''o ~385:Z ___ .Jl. 0 00594, __ ~jL.726 __ _ 
0.5600 0.4480 ,'0.:37,20 0,.000540 0.7S3 
0.57,00 0.4560' "O',3?91,, 0.000491 0.780' 

, , 
" 

0.5800 0.4640, ','O.'~468 LO'.00448 '0'.807" 
, .":'~ :,~352' 0 .,000409 0'.835 0.59~O" 0.4720' 

0.6000 ___ .0;4800 " .' ',O'.,324.i..----''-- ll. 0 Ii 0374, __ , 0'.86'4. __ . _. __ _ 
0,6100 0;41380 '" ,0':3135' 0.,000342 0.,893'· 

, ','~ .:~to 3~' 0 • 0',0 0314 0 ,923 . 0.6400 0;4960 

0 .. 6300 
0., f>4 0 0 
0.6S00 
(f.6600 
0.6700 

o .5040 : 0."2939. : 0; 0 iJ 0288 0 .953 . 
0.5120 ,o.:.:2:84·S: 0.O'O()265 0 .. 983' 

___ .. 0 .5200 .. ___ '_0. ~7.bi._...,.-_ 0 .. 000'244 ____ ·1 ;·014.... _____ _ 
0.5280' : '. 0.2'678, 0.000225, 1.045 
0.5360: _ :0,.2599 0.b0020·7· 1.077 , . 

0.6900 ,0.5440 ."0'.2523 0.000192 1.110 
0,6900 0.5520 .'0:2450,' 0.000i77 1.143 
0.7000 .. __ . 0.560 n"--'----',---1IO,.238 ..... 1_· ___ '0.. 00,0 164_,_I ... t 76 .. ____ _ 
O,71~0 ·O.SABO ,0:2314 0.0001S2 1.210' 
0.72,00 0.5760 O,.~251 0.QIJ0141 1.244 

0.7300 
0,7400 
0.7500 
0,7600 
0.7'100 

0.5840 0.218'9 0.000131 1.279 
0,5920 '0.2131 J.000122 1.314 
0.60 00 ~--..:,. .. _O .i.Q7_L_' :......0.00,011.4. __ 1,.350 _____ _ 
0.6080 0' .. 202'0' 0.000t06 1.386 

'0.6160 0 .. 1968 0.000099 1.423 

,,2BO.0 0.7BOO: 0.6240 ll.t'918 O.OOp092 L~60. 
2,30.0 0.780'2 '0.6242 . 'o"j.i~6 0.OO.oO~2 1.461 

, -. 
, ----'---- ---_.- ----- ---~-----------.:..--- -'-'-------------------- --------- -- - ' ----. - -_ .. ----- . -- ~ _ ... _-_ .. -- -.. --- ---

.. .. : - .: 
, . . ~ .'.~" 2"7 ...... \ . 
. . ,',' 
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, . 

· .. 
DESiGN OF·.OUAR1ENM·X:,·CANALS 

BaSed "o'n Cr.t.t'.Lcal· 'Tr.Qct.,Lve FOr"'ce . . ", . 
• • • '. I • . . 

'.' (.2;S 

'. , --.. ---_._. -_._-.-' ~~":"'-'-.'-:-...,.--

, : : I{~'t' to:,.,' W ld th/D .. p th (b'/d) =1.2'50. " 
'. . Frh"d'2 N",.,b~r· (Fr i =0.100 

' .. 1':'lct·lve·;:-orc·~ (1) =0.200 
.' .. Co':r.~-tion F".:tor . (C'·!') =0.840 
'.' :Rti~g'hrles~ COl?ffJ.cient, (N) ... =O.02s.._,--_:.,..;..._-,--.~',--_ 

... 

: ' 

, 

• 
: 

: 

, .... . . . '. 

:Q (l/sec) b (M) d (M) V' (~:Isec) S (,,1M) A (M"2) 

.-'.!...------- -- --------:...---...!----~--:-- .... ~-~-------r----~----------------
290.0 O.SOOS· 0.4006 .'0:.4819 0',001052' 0.602 
290.0 0.S100 0.4080 >.~ ' .. 0:4646·. __ .0.000954--.. ]) •. 624. __ . __ ·_. 
;:'90.0 0.S200 0.4160 ."0..,4469 0.000860 0.649 
291l.0 0.S300 0.4240 . 6:4302 0,'000777 0,674 

290,0 
290,0 
290.0 
290,0 
?90.0 

291), O. 
290.0 
290,0'. 
;~90 • 0 
290.0-

29U',0' 
29rl".O 
29U .. 0 

· 290, o· 
·.29U.0 

, 290,0 
291),0 
290,0' 
29 (J : n 
290.0 

· ::'90.0 
· 290,0 

.- 270,0 
• 290,0 
'. 29~ .'0 

0.S400 
0,S500 
0.50.00' ___ _ 
0,<;700' 
O.S1l00 

. . . 
0.4320 .. ij~4~~4 0,bO~703 
0.4400 .'."', 0,; 3994 0: 000638 ·0,726 
0.44811 _: __ . _'. 0·' •. 313.:a.S3.L-__ .il:uo OS7.c.9L-_·....JI..,zS3. ___ . __ 
0.4560 .;'~. ;,'·.·Q;·371-9 0:000527 0.'780 
0,4640 rr.3592 0.,~00480 0.a07 

0,700 

. :. " 

0.~·900 0.-4720 "': .-::":,6::347-1 0:000439. 0.845 
0.6000'· 0,4800,,','. '.0:, •. 3356 . 0,·00040~ 0.864 , 
0.6100'., .---0. 488ll.. ' .. '. :JL;324·7-'-----_D "'0.0 0361 __ .0 .• 893~._· . ~ __ .' 
0.6200'.' 0:.4960. ":·'-Q",:3143.: 0:·000337 0.923": 
0.6390: 0,5040:':--: 0.:304:4 0.j)00309 0.953 · . . . 
0,6400 

·Q,i.500· 
. 0.660 O .. ' . 

0,6700, 
0,6800 

0,6900 
·0,7000' 
0.7100 
0,7200 
Ii. 7300 

0.7400 
0'.7500 
0.7.600."._ 

. 0,7700, 
0.7800 . 

~,Si20 '0:29~0 0.OJ0284 Q.983 
0.5200 ·~.28~0. 0.000262,. ~.014· 
iJ .. 52i3il...:....._,.J)ZZ7.4.: . .:_· _ 0 .• 0 0 024·~_._L OA5:.. ..... __ 
0.5360 ',0.;2692 0.-000223 1.07.7 
0.5440 : ·~'.2613 0,'000206 1,i10 ," . . . , , 
0.S'520 •• 2538 0,000190 1,143 
0.5600- . 0,~466 0.000176 1,176 
0.5680 .. ' .. ~ O~ ;~;.39,Z1·---'· D.O 0.Oi63 ___ 1. 210. __ .--.-
0.5760. ,,~,~ 0.·000152 1,244 
0.5840 ·.0 .• 226'7 0,000141 1.279'· 

o .5920 
0,6000 
0.6080 
0,6160 
0.6240 

0.:'220.7'. . O. 000131 
0~2i48 0.000122 

_._....:...: 0 ;:20 9.c.? ___ .Jl .,0 0 0 1L4. __ 
· '0 •. 2038 0.000'106 
· .: "0:."1986 O~ 000099 

1. 314 
1.350 
1. 386 
1. 423 
1. 460 

, . : 
.' 290.0 0.7,900.' 0.6320 .. ""0.:193.6 0,0'00C92 1.498 

~~~.~~~ ~~ _____ ~~:~::.:~ __ ~.:.~:~5_~~~·~~~~:~~~ __ :.._~_~.:.~~~.~:: ____ :.:.~~~~ , 
• .;_. "'-_'~._" ••..•. _,- '.. • _. - "-r---.' -

• '" II 
" " · . , 
, t", .. , , 

, . . . ' ... 
' ... ' 

I ',. 

'.' . ' ... 
, . " , .. 



I 
I, 
I; . 
.,'.: 
I: 
I: 
I; 

... 

. '. , . , 

. ~ ",' . 
. DESfGN OF QUARJEN~~Y CANALS 

l!rJ5ed on CI'.itiC91' .. ·tl'lli:~f'v~ ·F·or.ce 
'. 'I 

. : : 1 HI:<,! L :4. 
',' 'r', " 

" ~·IDE SlOPE.= 1 :.2',5' 
._-:- .... .,.-- .. ~~':~.~',::~,.~.-.' ,-' --'--- - .. -,..:...---.-~-.:....-- --- _._---

, : 

.. , 

,( bId) ='1. 250.. ".:,'. : 
... (Fr') =:0.100' .,.,':: .. ' 

(T') =-0,20'0.' '," 
(CI) =0',84ri ' .' , 
'(N) _,,,,.O~ 02'5' ',-'-' _---

, ." 
.' : · . " , ;.-

(ij (}/secl .b '(M) d ·.(M') V.'(,M/!:;ec) S '(M/M) A'(MA2~ 

-.: ---- --- ---------.--------=-------~~.-..-:..~--.-..;------.-.:...-~------------
300,0 0.5087 .. 0.4069 '. ,'.'0',4831 0.001035 0.,621' 
300.0 O.S2pO. 0.4160· _', __ :._0 .• A623 __ ---D,. 0 00920_ . ....0 .049. __ ._._ 
300.0. 0.5300 0 .. 4240 . 'O~4450 0,000832 0.674 
300.0 0.~400. 0.4320 0~4287 0.000753 0.700 

· . ' 

.. : 300.0' 
. 300.0·' 
:30n.-0 

·:30U.0 
. ' : : 300 .. 0 

': . ". 300.-0 
'.3'00 .. 0 

. .; 300.0 

0.5500' 0.4400 Oi4132 0.000682 0,726' 
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