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lmrlHn:rrtrilui#ororniEo Innnr:riuun:ttudn',: nrrufirf,uo':wit.: y un c
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n l l}tflJll 4.8 ?E.l Ven Te chow
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0. 001 5 't.87 rufll /?u1x

nl . r!fli

t Inl

1-47

26.74
1.33
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{ | .v. I { e
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b

0.015
4le

t rJaafil ln 1r txn

mi O.92 llJtll a.: 'l

n1'lxolfrtyuna
. 

". 
1'

R11xn1n tyl'lnflfllLn C R 1116n?n qn llla a = 1o.2
..j

fl1rrJn1nr ?nqn trJaR'r lxanlnfi ty'triu 0.92 rlJnl

n

)a

c)

b)



- ,i < { v {r.4 yn nu r:ufl r.rnu)Jnun1lfl ? 1 n11.i b.o rrtnr rrn yunrdtlu: gRy Gn r rrz:rl'i c

n = 0.015 l.ll4"l
...a) R?'tN01Rty nnylfl?1lJan o.3Z L!nl

a.ar fi: / 1u'lyl

4e
t Naonl'tn 15 tun tv'tnu 5.57 rru .

l'Ud r 14flbr.rfl1.!u,] b = 3.0 rlnl ,

n r rrn rn rryYaNooo.rdiu fiJn 1r'lua ru!

o.z unvn':tifinn r:'[un ryirn"r 2.,

" 
.i . ,v

R11 n1n I U?nrln t,Jafi?1iJan tytln! 2.
< u j ,-

fr11lJflnn1Mn t !aR11}]fl1n tu Ly']ru

\lza

1uI 0an51n1l t atulflu !i.(i7

r xnr [acfl'r! ?0M10fl:1n 1:i

z = 1. !' n = 0.02 a.lu'l
j

Uniform t a :nll LU0lLYllnu

t un:

5MI
vltv0.0009 LrnSlllnu'" L!al tulnlJ 0. 5

?Ja.i rrrnf'rd']uxu.: d.rauul.in=u 650 el

4

b ) nr rrn rn ruinqnun cn r ril6n:]n#donRd'o rn-u

al.rrn:/iurfi
<t"c) n?'rrroln ryinrlstvt'n r trfrn:lni rvirriu o.37

luavi*annd'o rniu

{Js{5 Vlo:uu1uu't tfl tfl5nrR?1 aln.yt 0.000e trJanll tllnuJu 0.9 !0.iu1 lrn
at.<rnlMo 0nl1n'D't dtrln! 2.35 nu. !tJnr/ 'ryt fl11'[fluasu1n ryll-lt rl''r

n 0. 0'1 5

4.5 vrufr: r.rnnllrlifi'rHnouniflisurn r flulirgudnnr.l 2.5 [ nl, n 0.014

ttovfl11!rn'tnryr 1: aoo

a) niurnmro'nr rnr:'lroft'rnrrl6nrlni rilrn"u r.50 r:rnl

"4t-.-.1b) R1l.r1(lM'rfl',t1Nnnfl1l'L14Atuaon:1n1:'! n rytln.u 15.0 n!.r nl /'tu"tvl

- ii.Z vrr.:fr:r.ld rydurnrvt b = 3.0 rlJnl, z = 1.5 a"n r rnr:lynd.ldn
iodtylnu 10.0 0u. r n: / 1u1yr yn'rrtan 1 .50 r ni o=ni'tn1t-Luaag !ih.l

t111 tt ! an11[]nn tyllftlj R t.:14u'i?la {fl?'rr]Rnd{d0 rr0cR?'tInnaS r uryl'L: ,rJa

'u<<loln 51n i l'h40 r yrlnir n iruil rso lo'n r 1n'r rlxod.tdn

t

4.8 fio0.1

a)

b)

c)

rr.s uinr:iflffrfiuflrfrn A uocl,tfl1n-R B

louurirri'n A
{,-

0tJ?1'l {n1u [14U0U',]?J0.:rlu']uR B rlaonl1n'n t at11'tnu 17,000



\ l)9

mr.rin
4' . " 

y * -l
r '!0u'[?ln1l-lfln?r0.:v]{da wI1n0a Y tluR.:u

,1l.l19lR rvtYllr1

(stage), t{n

4;,.
Iiuvll4u l nn

nt.in
r flurou

riun,
ril
iln

A

B

1tt3.57

142.3tr

2,220

2, 880

1t7O

520

q .<J d' u-u
r fr an iBfr r ilth c dxfi n niq v'lfflun r :vi 1 ffrhlo'6 r na fl o.:xu'rnrm \rno.:,ur y

' a .r,rd I
oiu'ln r rduri : cRvr Gnr rllrt : r : c r odu drxei? i'[r.J n 1 :drx ! fl ulrn n.,'ru

L.1o d?.rn1r"lxavd.:fl0.:yr.rffrurr 30o LlJrl nlixunnri'r.i?ro.r:vfi.rirrhdloru
Yt

n".ida.: L1,i'rn"u o . 105 r ,Jnr a nniu ?0M 1a"fl r ln 1r'lxa'lur]flfflxa1n1n!'lfldoua
{
ut1lna

vfirn"n

n'ru ruiorfr

:a.r!1flnfl

yrr {rhrl: cno! fi'ru flr.:

Rluvltru'l----t.*r*

yr'r.lu'ruI YnauR'tu01.i

A

n:. t rnt
P

lrnl
n d B

382.5

2305 .E

53. 0

615.0

0. 038

0. 038

1.',10 1.04

1.20 1.08

51 8.4

23Ot4.9

95.0 0.042

571.5 0.038

1.10

1.1E

1.0.lr

r.uo

4.r1 a.! r s!1014'to'nt 1n 1rlxa'luqflflyarnso.!rir { r.!ffriturr 13oo r!nl rir

F 2.2O I l.l9ll , e,., '1 , n = 9.q35, A,,

1)3 nt. txnt tloc Pd

25. tr7 flu.r!n:/iuli

g
d

Aa

110 n:.

r,lJI: , P 75 rrflt, 91 trnlu

vrr.:rlr 3lti rndulflue'rn {r,: 1 2. z r rJn: ia-n: rn r :"ha

fi11}Jn 1R L ylflo.wt1{1r1 .l -w0.002E3 1ll4!1nR 1 NR11rnnn1: tua ryl'tnu 't .37

}J

1r.12

d u w{
t rJnl $a8vMu1nR 2 gn0tM1\ra lnrulnnyl 1 tuyl'l lfl1llyl1UU 1 92 t lJni



4l4O

nlu6nnl:'lxo 1.52 r rlnl
s( i

a.ix1nM]:3flvrER'r1lr?r:fl l J r onufloldr.rvr r.nir

R.in01?

lt .13
o.{d{w

?11.:u1l1lfl r ltnul]Hll fl1n 11.:

< U U<yMl]1nflyl 1 tl4lnu 2.59

't:.tvrr.:fi'ruvirurfr 61 o

e(ilrfifir n = o. o1 1

5.1 trnl rlR11lJ01Rrvr 1 : 1000 lltl
1u u1 < rl

t Inl LlnUWMnml 2 X.!AL[4
v u4

1.!a 1nllu1nny 1

c4trJnt l{R?'trJdnnll tllarrlnu 3-13 r nl ir
a.:xlo'fl : 1n1r'ixnfi' uju"lllfftuvr r.:rlrfi.rneir r

nR't'l
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1j14yr 5

n 1 ?oan uJUfl Ra \rdir.r iun r :'hnr[ru unif orn

n ) e,oo.:d r fi nn r :fi n l g1 cl }u1n uncRoo.rdbi rn'nn r :fin r trc
r,rrricY.l.,il,,da'Ifinuiianr 

:fi n r tr v"t Hi r : rt t{n']fia d'h^nt : c r rilRAA nRlntlnVnffa{vrNl iU
{ v ^{Non-crodibte nno {tiud?u'lxqe v&n 1:nR r ! 1c ! nRsu un r tuono.rfiqna.r'iuiut,r'inrrrlfiun.r

rdu fiu 'lunr:aanruru r:rfindurfi1finr:lunriururu unirorm unvitfifiaanruesfia.{o1u'-!

6.r fifioinra.rioryl1fininna.,r d.rqvui"lu]:cnounr:f,qr:orrdanrirzo.: n, nturrirdi{n
l!

fiual'tfi r finiu'lunna.r r fioiln'n r n'u\rnr:nnn cnau R?1xn'rn rflfhufi1{sa{flnan nl irnin rvr

..i
nurtu'tfio rRna.:ttncRl rrd.r tliaHu

' i- - { ,--.i.
5*r#ruillrctr.rirnna r r rioila,,rilun r:fin r ir c r;riuaffiu iar,m'nur:nur"[fiiru'lu

fia.riu T'inr:riaoYr,,r uerinqri: vnlrirarnr:'lUlru irqfi .rndrrlHuri

ruinnria (cast i-ron) 1 ufir nardin rululuvi (aetonite)

cemcnt) iuruiur un vfiurio (Masonry) riutr'u

ntltnfi 5nq:l: va..:risalnr :nrnnaa.riati e il r cn, r6a

1 ) tf,ut'nnr rldrrn:n'lun r:fla rfiun r:fi nr i'rv uiaa'nfiurilrn'a

iur*uiruud (sou

.,i a
rfllJn?1I[ I ?rJo.lu 1

naunlfl rran

'iuRna.r

z) u w { .t { b,.l .
ila{nu lanRn'r tdor t 6{u ruo {a1nIi{Ifl 1ufioa { (sccpage rose) t laul'17(ll1?nn

..-i:idrd 2 trai.rndrr drlr:nn'ruunrlnR ?'t!d''trr1: nsa.t idrm-lfln1nnno.t'1fi fi.,r udn.r'lunr: r.llJ

y\ 5 1

,
3.c{.1 R?1ltttln1flrM uar'i# (Mlni.um permla e ib I-e veloclty)

ddul
tuuR?'tx I 1luawfln

.i ",.".. zr {
riq v'Llrvri't{r inn l lfl nfl ynau un clinil}Yidfu uasladinr: r o iq r iuln'lfi1unno.r lntm,r r

"tl d'rrirfi"tundruinvnoufau n rrl r ir r od'u"lun r:aan[uul vad: crir,] 0.6.- 0.9 rrlnr

-,i { c i', ",. , .. d .i' -gi81Lllyr trdJR?1'|Jti?to0Bn0{ tlJIoun11 0.75 txn:/lu,ly] r?la a{flun1rrt:0Jtnuln
ud

ra { ?fll,rd $nv ad-lunna.]
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i1t'lim 5.1
. . -. d.

ll,fln{?lnn ?'tll$'llJ1lo?ja.! ?ntM td n1mnf,.!

a u a.!
Xun?J0.1?d tM tInl tmnA.t

r ){:JR? 11114Uvr1U

rianr:fin rirv
!a{nun'rr flqr flu

o {11nu ln!ii'11rflfl4.!u

Tf,14:auh
U -i..<. f,u
EU?E.tmlmr't!]JH1u t RU'tn

IR

tanuaH

th

tll tn

1fi

[lJ tfl

I nnuau

1fi

14U I I U.t

?la{!1{x!fiAu (niturninous }ayer) t Anf,aU

iu

X"

I I t/ .t u "t rr!'l

Raun:n 1fi

1H

1H

icqfilflunr:nrnnaa{in'11!d1il1?n'lunT:vrurian?1rr51d{dnli'tilrvirn"u rrr:rv
c u -s{ U6 d e 't

R1111r I ?!0,:u 1aVYl'.l ll' I nRnlrnn t i']crrayfl.)l0Rf,lu o3uu tun'llaan uljunR?tlcna {lra1l 1

c i .." f . w a { <' .r {6all!r:1fl{flnula l}t t ntr?ru Luflfla.in2! R'r1xtlluacxR1r,r1nu 6.0 rxfll/?u1vr tunno{

c .. {. -J.- d .. d. .i .flaun:fl 10 ! n: / ?1.1111 tLlyl't,ill'ryr41R?u t ],lfln ttoc 4.0 trn:/1u1vr lunflo{tln1nfl1u

ll t IU 'lU'ltlu ?

- I i.5.2 R?',ltn'lnryr R11Io1n tvlyla {Rna.!g!aHnuf,r 1llnrul3 rlrlltro3 t En?Ja{fla{.!1u na{n1:
{{,'

rrouu 1flta1ra 8fl.launu ?nn! r cd.16!0{n'r rdfi.rnna.r [ ?hJ r"noil: td.r6 r fian 1tn I ua lLnr1

a'u'Ifi'uri -nr:do:lr;vru n1rd1E'lttillnn n1r rxfia{ud Lrnsnlrl}i#'rfld.:rir oc#unna.r

nira cfir vrYurf'rourd{1nu r onrcn:.:o#fia.:nr:oca'rurir r r ri.:fia.:oan urrnna.!'hliin 1i!
.i"." < .-- r'.

o'rflLyl a{nna{uau rr0 Lx I nonllflfir tfiutvmJuluauufln

a 1 1 rrn 1 n r 11 fi 1ufl 1.! r a { ano {ri?u'lrq'i, u gH, ;o d1 flr'r nn a .r air iu ia qdg n n-n

rrlrv'1fr'i,u R1rauulR11lJB1nru6'rui'rrtl'qnn'uodor', launr:1fii0'nnr:ra.in?1xr;11f,n
.,i .-. "* ar v ri <r..

(nvruorr'Lr{t iln'ld'lunna I yioun"nn'] r?a {ur.!onn1n rL Rrfloiou r rirloudrinnanr rlnrn

ryfiruflr.:"[fi'uri i6nr:riatfrl rdaultroarnrt6ryriurir rfl'aNarn seepase nr: r!fi'su

lrln,ita {dn1na1n 1rltldJgulnga {nfla{ Liufir
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lnmir .r "ht R?1 n1i r11R'macilrirlrnfi'*n rririiqcrml6' llvr, .rlirifr unv

.'<. . ^ .l q
aan uulJ-hllJlJ: udlrER1ltrll1.tn1uflafi1e{nlfl{ [a3n1'rrlruR.:R R11rn1R I nRlU?'1.,1N',]r l:1U

aa {nna.tn'rm1'ldn"u1noTr"h rrirn"r 1i 1 .5 il rflunr runrn rrru" r ulr;fu ia2unrudin
lo - '\d
1r tgnlRRn0.:tln3 1En1tn1fl ona.:

u.s. Bureau of Reclamatlon trit duattutn?1la1n L ltfr']ufrl{fla {flna.,:

<. dyDl'lQ1nmrfilR9r1{ sr t? tun1l1.l11 5.2

i1:1{n 5.2
{o^,^'

R?1 n1n tllR'lu1'l.:fla.:flna {11?Jna{ tunuflunfl1{ rl

R11tn1n t11n1U!1.I
f,uflto {fi.I

fl 1110n?a {ROa \t Rll Anta {fiaa.i
'tilrfiu r.20 rlnl Ilnn'r1 1 .20 t1J9l:

vlu

ufi I:0

^d11vml l?lutl ?11llt.ln? (hard clay) I :0.5

fiuirulufiurniu? (clay loam) 1:I

01 1:0

I:I

1:1.5

1:I.5

I:2

1:3

mulu uRununou (e1lty loam)

iuirurJurr:ru (eandy loam)

lm 1U

I:I

I:1.5

Lz2

nir4 iu noa oii: c rYufr r!6uu rl n.:!rn

rurll udr'16'r dua uucnrrilnln r rr1 flunlr 1.!r1 5. 3

r riu nna .i : cu r Hff1'lur') lJR1Rn.!
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,'l:1{n 5.3 R2rlln'ln rvll'rufi r.:1unao.rfiufi :cfuffrfinr: run'truu a':!'rn

R1', Jf,'tn ryn'lu?J1.t

iuR!annu
R ?'t!nn?,a nR0a 'l

tlrnu 1.0 t llnl
fl21l0fl?JA \rAAA'l

u'lnn?1 1.0 r lJnl

14U

. a <3 vnuI uu?vlll?,.:n?

x{1

( hard clay)
.{

tiul2uuuriu rlruul ( clay roam)

nul2uljuflunYnau

nu: llJ URUvll-rU

vll'tu

1 : 0.25

1 : 0.25

1 :1.5
'l :1.5

'l : 0.5

1 : 0.5

1 :1,5

1;2

( sif t l oaru)

(sandy loam)

2

3

4

2

3

v .e . .i..-i .i . -
n ? t R?l lUn'll lil?l {f,O.: Lfla 1nn1tvin0A., tlR0a.:vllJlllJ'lnnN I tlnU}tfl'l {}'llJ fi1t4lU n? -r}J

l<.- 4 "t-n1n r ?rfi1utrl.1?Ja '! nno {ilrlnf,1finrrlduqi r iufia.:v:1r..rriir]ilfla {n i rvr {fiua nAu ( angle of

repose )

n11Nfl.l r fl4a6u
d ^ . r.<(Free board) L 1t: tuu'[!uu?n{a1nI cir! !a., ?tiin{: vnu?a'!nuflRa.:

: cuvfifio {d{ r fiu.:nada c"ti1fiffrlun{rlfiunaardu rda.rlrq rnnnJuvia r finvi rueluatir.rufin u ia

- -;tnflA1n?Aflmln1i tUnll!4 n n 1U?JA \, I A lIU 1?l

.i , {'- n { {
lxtMnn I no?Mtrultau lun't: n'tlTunR"rR 1'1 fl{Ifionu []1l1gRnuu:an1r? 'l a{'l ?la{

i. , . -" .,i. d .u. .l
:3mJU1InRllnd1I nvl ItJfl1!'l:0n?Ufll] tfl LUyl1.:1.l1VlrJR?1Ul:1?JA{n:U[dU1d.:ttAVl]fl']'ll]n1n

.i{! fia{fl80.!tJ'rn ncln'nflnuunvn''}rir r n., 1 ?ia{'ili'[Hf,nrarl,lnsNln 'iudxdrulH.rga.rrrur
{ r .i o .i .. < - I { - * i.J

RAa.:xlaU, I ?0x1ttlr ?flno.r&n 1: I lJnUUl1flll'l.i t Smj! la UrJn'l I Un 9l?fl.: flr ta'luvl'l.ll.JlyltJfl'11!

ri r r hdcnrrvinqn (critical stare) a rlr v r fin'lan:oinililu
r d.r

a ufio.,1fiiljn r rlia1:rulrilu$ r rtr'lun liaanr.uu

fl aa {'ludn rfl fi .!n6i'r')

1:1

1
,|



rirnrru6.rrdofiu'lunr:aanru.ru irirrrtalrnrruta.ra',nri.*iaun'i'r l1 qufi.tr'irdtrnn'jr

30 I !0.:n?1u6nn'r:"lila trrr.riunnavihi'tfinrn nrruf,.rrfi'ofiuiua-tjrfurnrrn?a.tfl6a{ r{0'ruii

u r ". 
j- - i { --.--.nn : 'rruli?r-t14a r i,'tRna{ rua{alnrlutlu n1:? .'t 0{ 1 ?a{lcr[J!'] Lnnu nluhfln

finuovto.rnu R'l'rxia {n l lnuuur;roou o riufiu u.s.B.R. 'l6rinrrlr ullrurirRr uds
{ -.-, {, .r eeo { r'

rflanu't?2'r lrfi1 1 ?ifl (0.30 !xnr) di14:unfla {Du1R t 0n tla8ri.l'rnu llflvtJR1 4 It, (1.20
.,i....,

rrren) a"uiunoavr-frnrlr.a 3,ooo m.r!n/iurfi (85 zu. rilnr/irifr) riolrnnrr u !

n?lxnnra'ru'rfl.: u.s.B-R. 1fi"1fi6n:drrill:vrrrurirra.:nrrlfl.:rilofiuza.rnaa,,rriag"ludnrn
{' - r.-. {

t .,01.1 L?llJnn t 2nilU

5/5

5.1F=G
.i a {'-r,d . d,crrJa F tuun?1rJd.: I Ha6u ri u?u r:Juiln, y R ? 1l6n?0.1[-'1'l,uaaa.! !r4u?u r lrur{n un! c

lt

riurirfiru:vRvrifir rfiuarn r.s t(rilirlnaosn'inrr:11 eo mL.r{n/iurfi (0.57 zu.rrnt/

2U'rvr) 0n 2.5 di145Unno ':14In? 1U1 3,000 nu. {n/?lJ1vl (85 zu. rr.Jn:/?U1?r) 14lolJ1nn',r1

4n t fi .rneir r'l h rnilr un'un 1 ?iri?,a{ u. s . B. R. fi rfiur'.rlrjaur :n1fi1fi fu r1ncn rn r ioulz

diuirnnaurn, u. s. B. R.'lfi rauonzrrilug# s. r rda'Ifl riuuurvr.r'lunr:oanuru
. i- - 1., .,1 .:

fl?'ll.Jd{ r flanu rrnvR? 1lifr\rta.:fiuRna., d.llJfl't ( nlurr o.tgr'tln?1 .aga.!Rn0.: trntnll'r.fl4
.. i.{'- i

5 - L tilunr rrfl 'r r ilofiufrfiaun=qnfi 1fl r iur, n: j1u'l!ilr v I vrrliu r ;u

.l ,

n1r1d 5. 4 n'l rlc.: r fi afiufifi oufi anfi'Ifl'luil: v rvrrliu r du

a }] ?rJ ) fiaun'ir o.rs

F (rxnl) 0.30

3
1vl( 0 .15-o .75

o.45

0.75-1 .5o

0 .60

1 . 50-9. 00

0 -75

!1nn'J'r 9.00

0. 90

e aaa
5 . I uirfi nn r :'llmt=ifr {nur.rlnrl.]dnt' ( Besr hydraulic section )

" {.'.. u .< < 4r , U.
tun 1l aon tru! nna{f,ny?fi ?n I na.:R1u{n {RaR1'txrjt vxEn ocuu,,fl?n 7ri flru.tu.tl]oon ruJU

rUi-- r .,i
tflRoa.!xrnir lJ'rnfl r nny(nfl1l.l?JlJlnsalin: rn rr'tufl}ifio.:n1r nna vtoirru rn r frnotjr I r fitlrfi.l

h'i < r!Nrlun1rrru\,ra ? r1\tnnloJsflonnna.rfiriuRlairiufiocfiaifior:rurUrcna!fi1'Iil rr:.1y
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nna{vllJ}Illvl}'lUlnflR'l}t!.lA'laa UIIUI'l 'rnn$U! tn nlUaul{ rEU n?1\:l,l,flnU vla![fllJttelnn {.:

:rJ ir {Hnurucao {fioo.,r ciflneiariT riadir.ratir srrn Inu ronrcfir rf,uflBa.:n1n n'rlaanuuu

o'v fi o{r,E,ru'.rtJ1fiJr vufinriinlnnno.:rrnvrJao rvirvia cuilfi

a-tn drn 1r ?a.: rl,Jui.l
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,!a
tiu tl4ut/'lrtrZ.t!1n ( very hard clay)

n:?nnU r;Un (Fine gravel)

n t'ttMUru rraSn t 2n?1u1fl'u1unn1.:
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0. 45
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0.60

o.75
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1.E0
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0.75

0.75

0.90

1 .00
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lufl ri. rt. t 915 rin?rurrtrnn{:-el r iulfiv rnrr r irg.rqni'ual1fi'oiufu fiu

,. ?r .i .I'",
e n{l fio filfrtnrvn"r (coheelvc eol1) *ac;!il'"[ii r n'lsn'l (non-coheerve
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i t I at . . o c
ylda{R?1r r i?ac?LlaHfilJ?il'rn r dufl'rrtuitnal.liEuj 1ufla {aln'}Rnll ( d 

so ) 
'lun1t 1{}t

5. E LLns 5.g udntn'lrr t i,lra.:rfr6qnfi'ual'hi'd, raiunoa.:dn'rq rniuJ: c tnvl t nrc fi'r

dt{ < r,
LLoc!:y rr 'txt n ''\vfl?n1rn1mJ ttns.:'!{t{lxiuRaa\rvllJtlu2nl{LtncR?1!flnga{u1lvlnu

. a . {j d < -u I l, u o'1.oo run:rvrrriu '[un:drinna.urnrlrnnso.:f1'lrrvrlrTuuti.ttrn: tilflrirrliuuriilaglu

n'rr1..rx4'5.10 "hgrurirnrrlrir'lunr:r$'5.E il10 5.9 unc'lunt#uulaoa.rinru

nn r flur'irfldriltil ufflunr: r.rfi' l. t r

l.

r1r1.rx 5.6 nrtr r irc.rqnfi'ual'bflunnatdvriorniu :c rn r n rcn-r ( cohee ive

sol1), uJ ?flnanflt.:rrnvnrlrinnatfr rilrn"u 1.oo trnl

liuru u.Ja{r iudsa.r R ?' Jl4U1ltUU

(fr1/2.rm:)al]JtlRRU

rlaun'ir o.ool 0.005-0. 05 rlaunfr
nn t xnl rno ttnt 1.2 1.2-1 .7 1.7=2.O 2.O-2.15

30-50

20-30

10-20

70-50
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clay
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0.40 0.8
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1.I0 r.50

0.70 1.00 1.30
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fll ru r; rd.:dnfiual'lfi'lunna.rfiu'rHraiurJ: v rnvrlil r nr:fir (Non-cohesive

soil )

tulRia.lautlR
( rrJ. ) (il. /iulfi)

n? 1x t; ?n 1:liladn{n
truRtailnu

ninallu:'lufl! taUn (fine silt) 0.005

nVnAUlll1ti].u'tu , I:lttoltagn ( coarse silt, 0.05

fine sand )

]lrludl6Un (fine sand)

14,'ltjru1n lUnA1{ (medium sand)

1l: ''lt 11u1U (coarse sand)

?l:1UllU'lU, n7?tla;la{gfl (coarse sand,

fine gravel )

n:1fl ( gravel )

n: ?n (gravel)

n, ?R ( gravel )

nl ?R (gave|

n:?nuaY;u (qravel and stones)

fiu ( stones )

il'u ( stones )

iu ( stones )

fru ( stones )
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1 .05

1 -20

1-45

1 .85

2.40

2.80

3.35

3.80

4 .35

n1t1.ryr 5.1o
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< I .r - {6rr.
? I Rt'M414 .tgl.lR 
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r{<s r e5.9 2Dll tX fln n1r!a{ tt, noflo ln (Uettrod of tractive force )
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e. d. {.t.- t d 4fla.m.r, A lurrultyii'tnfln't r lxa , Lt uR21ra1lnard ?nx'litI-1 uor s r uR?'t;[fl'tor]4
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[u]1'ln 1]Drl4lt1nR iu6l t unflxR1.ll4]1 . dtx0urfltli't un!61'Hr]iaur u0ynl:n:vl1ufran(t:it

lnoin'lux1{f1xfirHn1rLdtndulnrorllfiuanll51firfiu"ll:rti r.z n1:n:;rluayr!iuuruJo,r
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Permi.ssible rhit

n1t ilxRoa $4 ttu?Raa {nn

( Critical tractive force tria5-9.2 U: {QRA 1n 1nqn

tractive force) riurt:.rono rnui.rnirua.r qofin:l riui'lfialn rnza rdufifia lnoa irn'n r: r n6au

--j -^-_ _-__{o-c q -,- i. . { J",ll flon1tuR0ailxtuIuu?'tR0a{ 1a tnnll r ua}ru.tur 1 r n 1y6lRut Jruna ttl {onn lninq nlfil rn
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(Non colIoidal coarse gravels and pebbles) ttO! aS % iuurnril-du

,15A'Ly n11 1.25 Uj LLU?nna {!R ilxnn t RU't 'tunn1{ (Moderately

s inuous ) a {aantux?rulnnoa.r:tid r yfi'ulnr.ruld'.lnrir r

5.11 a{aontruudnri?ui'r,14111cdrlso.:rraa.!ldrud'ulnr.:yl vriia'n:rnr:"lr.rn5.r{nrvi-n-u
d ?.q c. .400 n!.v'ln/ ?ulvr ( r 1 lJi/My) yinr:nrnd'rtoauninDt:!n1 [flyn11r,

nrnr vTaNona.i o. oo15

noa sd ruyi'.ria-nt in1:tyn r o r? / iu ri fi'ndrudnrrninl : s r ufl nfi'u r iu! runn r.i

lvt

rrliln1n Ly o. oo 16 nrrrrurnaa.: r'Juiu !LIA'}4UTU ( coars e1tlt',l

AIluvlum) 25 % ?]0.:aun'rniuirrurn ryirn-uia'l4jn'jr r il. (r.z ir)
vC

onEay?Ja.:a1fllfltnlri?nda.: xfl11lnnuJ1unn1.! (ModerareIy Rounded) Lr6v

c g .i j
ttu?f]do.tltn11rRR r, ftu 1'U 1unn1{ a.!aan UIJ?tLl'tfluo.,tRno.:9i!l dt eiulRt.tyrrL

{
d1ul.r

vllun!Lt



6/1

IJ}M

il: v tntraln r:lunulru Non-unif orm

fi.rdl'no BurutluHl'luunv,j I nr:'hrnuuu Non-un irorm rflurrr:'hnvr'
, .'. j

rtntrn:' (vector) 'hl'irfir rnr'ln r r n'uuruJn{ nlrJn?'lrJul1aa l r.rfii rrln

t UnJuuruJnq ml rn ruinnrr "lun ( v ) a 1 aasrJ't nlndt r uqrrir.r r fi.r rh bil
1 . nr: riln'uuruJall,rJufi rfinrn.rvr.:rir

z. nr: r unjuuruJnrdnt tnt:'lunnrlnr rrtur tra wrrffr

3. iornrrnruqunti'lrnr.rfii

4. nr: rilalsuruio{?a.:fia.:yr':fiinrlrnrrlurr

n'r1

x
fll 1lA m t }l ?E {ml fna.t

6

lu'lunr:irn:rnitrriinacurl{nr1'hBrnJlJ Non-uniform 0011riu e rJr vrnvrluqi .r in
.i" .! .

rJrsrnmainrr I ildtru tojalat]r 'ttr 1 (craduarly varied Ftow) rrav lytnxr odUu

ra
t0Jn.rflU1.f ?'lRt l? (Rapidly varied Floltr)

dnuucn rr'tunua{U: s t ny r rjojuuruln'rarir.rUr .r in n',r, #*,rro r',
rn tm'nnr:'hnntuR: trur lav do u r flum u1U unsR?1ilHl?E.r srreamtine hilo.r

nifi.:6.r rdu nr:n: clrutrr.{fiufllxn? 1m'nfi.rrH riluurrudndo'nti (uyarostaric)

'lunr:r't nrr#1fi o'ar'rhiira'rrilr cnouso.t R11r.J r i ?'luuu:d.r ftfiwd.rtruonlirbud.r
)

14U?UU ?Ul ng t Yl'lrru v-/2s

drunr:'lvnrir cr nmr ilajmrojn.ratir.rrrn r i #u 'luur.:nY.ra 1o,lcilinr:

irn:'r#nr:nrcltlri{fiu'Ifiriuuuulaan'nti'lfi nlidqrAuflfi{.:1urdallrnu:+rdln
.{ < r s .r ! v - .3.i.1" un.q

11'lU t nn?,U I lJllf,1UUOU ?A {n1?flo t f,U}{n {.,11114 ilxrJR t ERtaBRtrIJI t nRUJ tlll41.l1l1t UR00

tlrun?ofl1.1?E {n'll lyaNJU Non-unif orm tJ'i c t nfi t ilo'uumjnlatirlr rn r irvr'f iui$fln

6. r ilts rfixlo'lni'un1ntxiluraa.:

I. . t
l&lfla1l0J1n1? l11A ltUU Uniform UUIIU fnA.l

drur:nuiroonlfiriu 3rjrsrnrnru v uog y d,fio-n -c

1. nttmrntvfiau (Mird slope) 6onrrrnrntrm.riluma.t d.rri'Ifi

dn t cn rr'hao?n.:fi i r iuuurdinir inq n r da n rr lya r iuruu un irorm

{ - , -.ts? 
'N'D 

IUU
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2. ft21!n1fl(flu1n (steep elope) fianaunratrrio{fiuffnosiw"1'tflr{rlr:v

nrrlunso{ffr rfluuru{l ni r inq n r ir n r': lun, f,uuurr rrn irorm
< ,! .i"

3. n?1lJn1ni?r2nqn (critical slope) doRrunrntrtaE{'iiunao., dorrr'|fl

dnl2un1lttnflsoTr riluronrinqn r iianr:'trrn tiuruu uniforn

ttnutEtn Ba{rtrruntrrnfi.tneirr nrc(rf,ffrlcfiol"1ue'lumrufirturitua,rR?'ltloltl

114 ruuinllu8lnrfloH0mJrc t rflPluil'r{n: cutiiii'lfintl1ux1.lftJ]li'lm1{flx}In1fl lvl I tgnfl?Tl

nrntufigrir:,r'r ',n?1 n,)nlxfinzu,, (Adverse elope) r ?-t6hil1jndiiln11l81n rxilTt

rf srnnurnlfifi.rfi

n?1uf,1nrrfiau

R21UnlRlllllln

v Ll1l1tl21 v'c

o o'' , tlflu v rirftrn21tlnlnrx?nqfr iclfin10D{ . n .c

r1nriln1!0BitluJufiir

2/3
s1 12 6..|

oc"lfirirsa.l

rclrlrirza.r ,J1nfll1 v

R o

s1/2 nvlR2/3
o

RBylnUV 9 umrrirnl'ludunr: 6.2
v

1
n

6.2

rrru fu ano d'ipandr uda!fiurr uEcfiffrrmlr{ur i evlHl'l

r!lf, 1/2
s

v

s

sc

nq
s/3

nll

o

l{rrilu B{ninc

so

firriurclrJfi.tn0u zt .13 n2 r-2/9 .. 6.3 E

1/2
o 5/3

6.2 n

6.3 n

I .49 y

tunrdrrrln#oguluanrrdnqn, Y = y" = <r'/nttl3 runrirnllumrnlrnt e-.n ac'tf ir

tz.6a nzq-2/9

s
o c

u*l# r-, lfi'lrmr:tai.ru:cttmsoito2'uraltrt lfit rvurr usucv'lfftirgn

fio.t r dourvtrr r ilnfi trr.1fi 
nd r rn'ruio,fi ,,,ntfi nr run h.rurn r 6o



firs fioundr rz.o+ n2q-2/e ocliijr

6/t

ino g"irnJ : ; r nnn2'liln1fl tlr
o o

o

f .dr

fioU (MiId slope )

firs
o

ll1n ( Steep slcpe )

$ncltr s rilrlfuo

rrnnir r z. ea n2 qi-2/e lclfi'ir {rnyJur.l: l rrmn 2'urnln rv

t z.6t n2q-2/e I Y'lltir 5oa{1rnt: r rrnnnrruRrn rninqn
o

6. z clnr:n"rnh:i r n:'r clfiarlilt'lild

pfr e., udn.rrrffrr0nrurunifourr ax inrrmlnrri*oot.roofi' ( so

nrrltnnatffrriluuru Non-unlform rJ:;rntrtilSsurnjR.rsdrlflr l s
o

irinlouunilfidr

y uB! d irirrtrlnHfiu nltn:srlutolrr:.riuE.rmriuurutorfinri unvrir o

onturf, .ro rufi o,ttrn H r uia: vltJ r uigurfi uunrur : o r fi tru lfi r'r

)

1.0

2
v ,/2

-'r'J1Hp1r1qo1.,o_ 
_ -

I

I

I

l
,l

2

o?1r/0.] ortl tfo,t an 0,J, So

dtr
I:=6unJluurfiou

frrfi a., nr:i r n: rudnfi.lr ru'lurir.ry r.,rfiirii or.rr., u*

H 2 +y +
v2
=__zq

vrinr:ir{ rrior rutaun lnlrx e.r, rfiuuffir x aclH

6.4



5/t1

clH

dx
dz
-+dx

dz

*.*,*,

g.
dx

n2

G
.+,,*,*

d
dr<

++

g.
dx

dz
a;

dz
ifi

+

+

dx

dz
& +

o

s

dy
dx

g.
dx

st

(t

(1 -

dA6n
3

un'tuormr:d 6.5 a,,1llril1u?a{m

gA

tP
gA3

tt <- E
un1{ "l- iru

.sA-
tr{r'lc2'u8{irTuuiuurunlunnfi il t d$)nrufi fi rmrt

) 6.5

6.6

6.8

r.gdx

lunssffr

2.

3.

tMun?1rn1a I rfi 0{rf, .r.r1u

oulutrur :o r iu rilusurr : 1fi dr

dH
a;

dz
E

v
dx

fi1

*,fiuu, rru'ro t rlrnno{d{r ufirLlcnonitnrufi rfxlirnl r lrrnrorfr r : m!fu lrrm'tfifi

rirain oaluann:n r 6tnr rflururr:lfi'l'r

5.7

sf

s

S urarar run, fl r fl sa{fi rtr16r: ud{ riliuu rfi rufrJfrouu o'

uuthdmrr G.6 unc 6.2 nliunurt s.s nvlfi

o

s*',# e.. riluaun:fiur*or:urdr*tiiro:rcil\Jftddsofirrlun fir *3L,tr*.n
udmirnu 'uf;nro.rfrrcri6,tllileltfir{ilrlnr:lunmff'l rrrrimlrtflrtdgsrizfrtlhdr

Bact(water cur.," fi1 ff rflumlunnlt'rorll6ngo{&rqvnnnlnrlfletnrlnrrlungolfi

ritnlilflildas.rfi:ffalu'ir Dravdown curve unvlcrf,ulfif,nirnr:lranlctfiitlJu rrrriform

dy sr

1-&
ga3

tu) dx 0fitAs o
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a1ndm1fl' 4.27 drulunt:'luorruu unirorm I rtlcllldl

e *"€

UO x
n

!< i " d. 4 J
Rfln?'Ill188itl4il1nffAa{ I l8nit tualuu!0ru uriform U:B tH)

6.9

6.1 1

6.13

5. r1.

6.1 5

y eyn

6.10= 1onn
2/3

R
n

2 2lTtdull! 5.9, a /xn

t3 /e
-3
c

B
c

6.11, 6.12,

It

o

rdollmnr:luntralffrinr: lrJ6'uuruJn.radr.rdatl rSJrbslil oi{u r :$urrn'lil

{n:naluufiuiognzm.rrrfflrnrrirn:r#lfiIrruurruth so firu s, 1un'ruo.rriurlfrilfu

dm1rfi 5.11 ul}ldr

/Kz 6.12

J!'lmud 1 un;lnrfi' e rulnrqeirfirfiflao{ y 'la .l ui;rfftr y = y.

rfrrurf,umrnr:lfiir

Q2fs

Q2
g

22

z2c
,J

u}ilft1flm1?r

g.
dx

6.13 ltn3 5.rt n.rtudrn't

- *lt*zt
,d e., rrlff

so 2 2tl /zz
c

6. 3 qru&ruuvmllil:'b,ln'nr:'hn

'lueirnr:fi' G.15, dyldx rridrrfluurn I t{)

z*2 0m!
n

-*2

2.
c z') >0lltta1) (t

2) (t 0 rrflv

(l

(1 ,ltzzt < o
n

tuda.n'rnrh r< mcdr z ruJ:frunrudrsol v fir v rt$u rir x uou , orfirirrio,tufiru

unllhy nRnrdr xu$! zavfirilnon.rHru oah'lun:# t oalfiy ry. us!y >y"

rnclm:dfi z nl'lfi y ( vn ufi3 v < v. Iuflr{dmi, Back}Etercurve rfurmri'lflrfin

I
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<.n1: tunn1n21?nQfl (Fr < 1.0) lrufn 1 fllRt?libu fi jsrrum 1m 1RlylN,tn rlagln-Rnlt

'lilo'ludn'nu{.t nirinrln (r,. > t.o) tlum 1ln m rilbuilioirJR? 1rn rn ?lrl,ln

'luvr'rmr r n'urfiu, Draundor.m curve (dy,/dx firirtftrm) cgtfintriJs

1) tr -xltx2t > o uac 1-zltz2t < o x;D

z) $ -x?1xzt < o unv o -zltrzt > o

rio6nlr#rtrlll'i, nrffifi' 'o 
rn (y . v" rrnvn:dfi'rhl !n> y > v" ItJrlrt{m.t

Eaudorra curve evni'liltfimr:1un'luffrrr4.rnr'rinqer (rr > 1.0) truo2trll1al urnn

rlotfimrrlnn'ludnrrcf,rnirinqfl (r'" < 1. o ) uufl 21r41fl tuf,os

llrffirfiso{1uf'1il&rrrlrm rfov = 0, y =yrrry =- llBsv:v"

ttruron'mrri r n:r#1fiInu1fls*'rri,{ e., I (lnrrrri 6. r 5udn{ir

lgnl'lflrir K a z = o runurirntt-l'1us{mr:fi g.t5 rtlfi ff = -7-
unn.rlf,rfiuir 1ilflrr60o.t8ff1fiv'lohfi y = 6 #*Efiutl:o-ror".tn

r*" fiU c6fiiflr'rfllrf,ms'rfiht.r fitdrnrrsoruarilgru'rrnl$

= - rSy =o 1fl1ufi?r$d"rlurfiffd?ulfiodof,rfuo*oo fi1drn'rltfl

ll@Y=g

il/ax = so(vnlv.)' ,t, = o fisfir6o+nunrlrirdatlf,.rogn'rpruirlffilmol

.r 'lurfitnmrrrrnlntuflou

lsni'If, r- 6 $ss z- o,

adrrl:fifiorrurrn

tllunmfl ur,l-

qvlt{dr cryza*

flgrru1rr'tUttlfi

{
Uto y

a
ocltrl

rfi y = yn culf, r = r,, urudrnfludrml, 6.15 nl1fl aylax = o

ulnrir;'ltnraruirfrBrruuunfilo.rrr.n,rrf,u*r. d*r.ro..rfi mrrlnntfluuru

unlfoam
I

ulD v 6s v firirl,nndl yn lno

ftirlmndr y ll1n .l trn:fisaq:rmlnlxxlrr

cclfi dylax - so rrnufi.tfi2fr6n:laursrurutfuf,rrtr{

=-y. rwi'llf z = z. rilurnlfi fl
lil1t'll,

= . f.rnnuRrruirizfrSc{rs

c

J
trD y

rcIfi{f,r rf,ulnrri.r r fi 'nrrnrufininqn rguadfifiuiunnrlut iuunl&raollilflilCo.ti :f1

uinh Unntro:rrnrfi lrrftrrdm.rfizfit'ludrrfilvftr, rrrJfi'truu.lnmdrlr, atir ,t
darrfomrnrtrfininqn fiqfiuorr*rnrnr#ufiri.rna.rlrrnlrtdqElsidrrrr:mlurullfInu'l!

ur;ufim.rnr:lun[JU ss1g6s5 U?!tmrilniuutuJnmirdrr f,.rrrxn.rluflrtdm.rflzfilu*el



fi .rndrrfi ru r S.n t: c, rfi fl n :fi r do v r {rrlnfi Inrnao I

6. lr nr:inurl.rlrt:lrtdrolnrr'luq

'lfiinr: {n roj{ Iu{'t'rtriao sri rtfrnr&n?1&n'rtr tut o{fu n84.l dofi u4Xrrt, s

rjt! rrMna
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ta

luflrtrim.ri rfflfi r fi nluvrr.rfrfiinrtmrntnfrog

Irrilrdrorfi zffrfi rfi nhn,rrffrffiin?1unlnltt ln,&
Iui^hrics{i?fffi r fi nlrmrlfffi nrrrnratninqn

lrr fl ri riza.r i zfi ifi r fi a'lrru rlffrfioi'[u Err I rrr
ll

Iu fl ri dm.rn' rfifi r fi nlwn ffrfi i a'l tun tn t u6nmt

r. Iuftdd H

z. luflrrd s

e. Iuflrtri c

t. Irtfl*d n

s. Iu:lrtri e

nIlBlril

lllft60it

ulrlu0il

$xlgnil

I lU0il

r don'rrundn:rnrl lun unsdrlrt r dfl lwa{rr$rlfl o ci r lfu a:{o{ r r Hu

dc clUnlttunluflil{to.r0zffirunrrmrn trtir r f,uuruln r !fu nr sfi .rarlfi o t !fu n?runiltrl

uuofur*1 tHumurru6ru.mfi unst6umlnr,rfininqn ocf'r nrrrrogi{fofirrrr1trr

mnriu : rrn B.riatJil
' J " - furdu,rfiarfrrruuoailr'lrtliarfrrd rIEgM 1 fE

,# a fu firdrrrdlr,fl,rr' r uuvrflud z

,nd, fo ft#rcri',orfrrii a r,ncrtunna.l

munf,radr.rlJfl*{ rv., ul ru6.r llfl m1a.r izfi'rfi t n'nilr'iunrlffrrlinr rln rn t rfiau ung

rn'rt 1r,#, o'rr'r# 6,1 udrr{gfifl?,0.rlt:h#uuoruarntviltltrmvit.t q "lwrsfr

roanrifo

6.5 ItJ:'trn'talirfiirruorrrnrntflfiau

IH.rsa$2trrn'u'r:o rfi nilrl|flr#.rd.lu t w fNuda.tlu$ril 6. 2 luflrtri u,

or,finHr,tr..,firufi:trlfrqntormo{riudr{rfiutr d.,rifirtr 6orsq.rnirnrrudmJn6uomrr

lun'lumal niorfiniurioilnrr tilnJtruuJnmrtuntntrlrunztrnrntnfiadrffrllsundr

RrtuaratrfirutuiaTr 'lufi.rno.rn:firc1fi y , y, ) ," do,Sulrtn',ut.iou1rla.lnr:tfia

lr.nlrd u, latnnwrrpfiuoruqnao.rTu:lrtfir{fiattufisfrr;lrtrufu rHunru6rrn#rrw
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yra\:Rfla{
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6/g

flinro.rnr:
lvn
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( M11d )
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lnqn
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N',tn

( Steep )s >s >0
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orn'irinqn

n1n111nqn

n'rn 111n q n

f,{n111nqn

nln?11nqn
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fi 1n 111n rln
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6,t 1o

e. Y^ " C .i < , .J,sluri qyfu'lm1tn"Tl?rua!tu{nrtrontrl6nrilrfu t.ol yn lrtflrt(lolfirfnn.rf,rurfir

lB.ro1o1tn?uqrllriluu.rutJflrtd u, ornr:nanqu'lf,rui ,duu, *.0 utc1:su1nT1 Inl

Il{lrrt{lruuirf,ufinuul go't Bad(water ct've I B!'luCl avzax irir rirru',n

lrnwrr$ruflruthqn irfrinr;lvofluuur:ru rr:rcir dyl& = so ifu v =

Ir.lfl rt{ u, r iuHm*ucnr rIfi lfi rmtfi :fr u',.or, fi ut, Cru,lnruqaaolnnnlfi 'tu

fi'rufr fr'hnsinoJrr6oru uiofiru{frqnirit rfiufi'r0'rifi ffr6arvoqifrnlrorrdrnnii'lu

ms{ U8luqnss.,,rlrtfltnfrrurriafrl;ilufidfir.rtfrudo.t y,, rfi:1v. dy161 = e iilo

y = yn firflzfrin:c'lwjrmg'n'rn'irnrrufininqn'lunnol :lnru4nrrollJflri,ilirirnrs{frtt
tt

illfinfiurfrri$nhrmir y = y. Blrsdr{so.r u, 1firui lr.tinlrtdaau'rfrfiruruiioilitos
. a"t < 9

n'r rnnidnno $n r : lur sfi r od r {fiufi f,ru1 a fi l'tu ptr' e . r

'lumr.nrrpfi luftvtd u, or, rlro.nl*ouuvrrlfi ru rufiafr Inucnripr 9'o'
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f, lndr rlriarur : 0, fi afirlfr^lunnrrmru riurir firotirr sarlr, fo luflrtdaarizfi.#lnn
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,hrriu, fu .rdo n lr.roqluu r.rlfrfi'fi n2 1 n 1n I ttrl ln

luflrtd s, rirufrnursnr :1 $hfr rra$ zfr lntntnfu cidr.tfiulrn mvdm Erllt

rnfimrdrlrrtfi'urruil::cx'ir.tnrtonn{sa.!firffrunvnt:lnnu-ru unirorm rn:rvlJflrt$tr't

f,nrruiiofror riulnuairyuomfu tfrrnrtrfintnqn uncur{Brdfrufi"rccilufinlfu rfrun:ltrdn

rnfi firotir.rtra.: s, filudnl'lut rfi a.l
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Irtflrtfturflufizulrumirdnl'nfl1:rudruu.n:sri'r.r lrtflrtri u lnv s lrtflrtd

cr rnu ca lcriudrulf,.r us:Iilflrld c, rrrUrfrufiaff.rrllu'luurz.zt d'rulrtiil*{ c,
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ra.rffir r o.ra{ufi r uriodr l1 :fi fi fo .rsanrir rfi .rHnuu!f, t rbul{il en'I,

1) lrisrur : nn'rrrulii^lrrd1n{ui#nr1ufi ninqnlflndr qnhrlmnrqufi nrr lun

U : v r rm run'uu rujn dnlfra u

z) lunrfin'ItJflild,iru r f,ua:rdninqn nrrmqufi rfil Iilflrtdao'tfi 2fi'fi r :lc
.,l,i
un21u01nr n.t uontldntnatfiniloirr:rlriaur:ncvnrurulilflil,{luriruitfiadr'lgnhr

rn:rvnr:lunihr: ru6'uurun.rotir.rrrn t i r
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(netattve steepne6s) uaqurff'tfilaal lu1gfi e .r,s lan:o6nilrasrfioilr'lunr.ifrf,rtl
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nr:lnn'lurion'irqtlHtirfi'o"rurrulfflnfi r 6u.rrrio trirfiurirfinivrua'Ifi

I ) nrqffrlo.rlrti'lr(fi rotir.rtutrrm' r. n nup6'1fl t flrnn.rfrdin2 1us1?&T

fi .rfo nr:'tnnrqru uni rorm *.ur r o o t, fi r,iu'tfi "lufi ru r nfi dr unsfl 'tdirdlnnoont l

nr$Trruuriiilildinl:tt!hJt1"uun{n?'ltn1trt14 1nnt'l#roY., drulunr.rfrfrrn*lt

fu ndt iBnr : i r n: r yrilL f'trrri'Ifi nr vviifu ria trlil

r . nfi osrll{'lrtr{uornr',rff 1Hr unr r surulr n: rdzu'luttut d.r

2. n"rurnalrdr vn tolrrvinvdr.rnsffr ufirriurtl{uudnlnrrlfimJnfi vn

nnamn$r
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3. a"rumnrrth v" rn.rrrintrirvntdr ufirtdtutfruNn.rnrufininqn y"

nnsaur$r nm$ninqnlvlduJfi'ruuttn.rnrun21rn1ntx q#nid'ulutirdn:rnT :Lundr

lrdl rroU#int, fin r fi srftfl ia r drfiuq cfi rirnrrdninqmi r ririfir

a. n'flunrairuni{sa{tdrHmi{fiJ (controt section) ffir6fi0*t drtltro

fi.llir nrrlunhllundrun:lrfirnirfu d.rarroc rilunzrufininqn ntrrfimJnfi nio rflu

nr, r6ndu ., do, r',r',ulrnurnrthlfiri:.:nflr ufi rfimlltfuio$firsftldrrgtnfu

n ) nirflnlfirHt rufl rrfr ufl rf,nf,c r rfi a$dunrulhu rniofrsardrurlffr
J.l U!rrrnlunln llflln rqr r nfl vt'mrrbotnrffrfilinlrunrn tuurnlh.rdrunfirf,rmrrlvrn

inqnfunrafiilr#offrrftliau ufirtlftiffitfinilrorr$u,ur,, s, uio s, ovfiuovlf,r'r

nlurfininqnrflunrrufimJ.rfu firfirfrfinrfirsfrgwrnfiorlowr'rlfifidrrvnr:lumltlirfrn

rhfuunfirpfir,iri,ir*',ltrtrflr1rn1Rtt4lllnr,tnrurir.risrds$fu nfirftnllfu'lta$d

Unrufirureflatrrso{drolrffTuqa ufi,rfirnhilr'turr.rffrdt,ltrr?iiilntrtrnt,trfiouqvtfia$u

nrdlnrruiafrrrilfiu

rfr'lnfinr,ffimnf,

fi .fi , 

"r.ti.duursf,fl 
tniarTrm{Iti!lt{d I uB! H2 egrfr2Tnn

!) ntrfinrl.rIufinrlhuffl uUrfimIlfuflr; tfir,frtntfirufirslirmqrqfrur#

iorrunrnrumn rn:ruirnr:luadrJarufilrlhsffrocinrrl6nrErlnfin:rlfirnJnfi fi'ntnru

firuflrsfrga*nffrfiilartrnrrrtnfios ih'l:Urioslflfiilnnanodruia:v o;rrflfi'Ififlfirfin

rhfu a{f;'mrmw1{ffr ( s.i,,r ) ii{ltfi nltlfir,fi {lar rrirrfu nrtrfininqn
) .- { - - 4 c, v }! e.! -i 1------^^-n) uI1Fn ': iuvlxujad-r 1.rfl] vIlnfiJl stRvlu t ljlrl'lu1flnu{ mJ tnfln1na1fll5

n qufrnp,inlro$, triu lru riou uioilrsllyu'tHfii. d.rt:rtrur:onhurmrnrruin

ft fu lltuion: nrdro{riourfi :
,.t.n-,5. I :tt t cil turlr{q rnnzufi rrf .tfu roortrfimhfu ruins oil ol$rd{ u8',

Iil:'lrtdudncdr.r uwr.rfiilvfiairqnnruunn.r'lfutii.:gnIo.r Inunrfi$.rrflualrlHrilnfiunc

arrlfininqnriwf,n
I

6. rfranrr lnnusffrfinr rufiafr rilunr: lun6rnirinqn urinrdltuf,rufr rf,u

nrrlunn'lodrinqa nr.r'lnnuorfrfioldrunlronidinrufininqn 'lrnrfficc tfinldtta6n$u

, Coun r clt,f',. m n'rlrtg': r fu 6r

I
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y.thd r., lupfi e.s udn.rr&unrufiminfiuncnrruffninqruo.:nr.rfiiar#l -,.rtftru

trrtlrtflrtduo.ri#rfnircv rf,uri.r

iExi d.rr:n6anrnfirfirni.rfiunifin'aglwr.dfr'lufirsd'r'rfirdufirfiml.rfuo{rtr

ffi, *'iu c lrtflrteisa{fl'rfi'rfisltnndrurr"ruininqn fiin o d.rrfluoi,*i.,rr"trtg

::uraffr unlrni.rqnfirufiafi'1n e d.rlrtd'trtdm'rfirffr$a.rdrun't mfintnqn rnrr:lh'lnnnn
! ", .,

crmrr{trrffio:rmrnrrfioslfiadr{6arv *iolrrnlufifu.:rrrurnirmi{co{laaron'oil Bny

u: c r rxuo{Iilfl ildqrrrRrrlrnrR ry r Hunr ufi mJn6uns r ftlnmufininqn lrtflrtr(onsaR2llr

urrusfl rffrlfi unn.rll'lutr# e. s

ltrorir# e .a ur.rffrufirfinpd,nfi'ruo'rorXrJrrnaufirudrwrr'rfr AB, Bc unv cD f,{

rdn{1u?il 6.G un;fiEunrdfifirrbluil-

t
n't 1t!n'if r [l,r'llr.l0RDil

dTln"ri'r
n:rrnh.riunnal oruRrRrvrfirufir.r

b, t}lfil m
nso

AB

CD

EC

4.0

4.0

4.0

1.0

0

1.0

fi. 0004

0 .009

0. 004

0 "01 5

0.012

0 ,,0r 5

lfrdn:rnr: lno'lwr.rffr ee. 5 sru. r usr:da iurvr' l r r fi ulrtflridao.rfi ffr *nr6'itn.rtrrui

udxfiarrtlurr rfiu{noludrrn:orilfinr:lunljfinr: rudtrurntn.rfinuiiatr rfinfiutfCIir.rsq:rf

iil4i ninr:nrurruurrilro.r y, un: y" rawr'dfr#.rarxdr.r 1u$lTstirsf,u'rnr:urdr
r o<l I .ml y. lnuiEoortrufiror{ (flfi &.8) uncurrirsa.r v. tnuiEuorraurno{frru 1pfiz.r,y

nmrrnhrolf, urnrlflunr r r.r
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i1r1# 7.1 rftddunr:"luo r(u,N)

2.2 2.4 2.6u

0.00
0.02
0.04
0 .06
0.08
0. l0
o.L2
0. 14
0.16
0. r8
o.20
o.22
o.24
0. 26
o.28
0.30
0 .32
0.34
0.36
0.38

40

.m0

.o20

.040

.060

.080

.100

.120

.140

.16r

.l8r
o.202

.223

.244

.265

.286

0.395

0.4r8
0.442
0.465
0.489
0.514

020
0{0
060
080

.020

.040

.060

.080

. r00

.120

.140

.160

.l8l
o.201
0.221
0.242
o.262
0. 28{}

0 .304
0.325
0.346
0 .367
0 .389

0.4r1
0. 433
0. 456
0.479
0. 502

0
0
0
0
0

0
0
0
0
0

0
0
0
0

0
0
0
0

0 .000 0.000

.100

.t20

.140

.16r

.181

0
0
0
0

0
0
0
0
0

0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

.201

.243

.263

.284

.307

.329

.36r

.372

.305

.326

.348

.369

.392

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

42
44
46
48

0.676
0.69r
0.706
0.722
0.738

0.754
0 .771
0.787
0.804
o.822

414
437
460
483
507

0.53r
0.557
0. 582
0.608
0 .635

0.663
0 .678
0.692
0.707
o.722

0.525
0.550
0.574
0. 599
0.626

50
52
54
56
58

0.539
0.565
0.592
0.619
0.648

.60

.61

.62

.63

.64

.65

.66

.67

.68

.69

0.653
0.667
0 .680
0. 694
0. 709

o.724
0. 738
o.754
0.769
0.785

o.737
0.753
0 .769
0. 785
0.804

t The table of the varied-flow function for positive slopes f (z,N) is reproduced
from Ven Te Chow, Integroting the equation of gradually varied flow,, Pr-oceeilings,
Ameican Society of Ci,il Enginecrs, vol. 81, poper no. 838, pp.7-32, November, 1955.
The table of the varied-flow iunctidn for negitivc slopes F(iz,N)-so i's reproduced lrom
the author's closing discussion of this paper in Proceetlings, i,ol. 83, J ountal oI
H yilraulics Di:tision, no. HYl, paper no. itiZ, pp. 9-22, Febiui,ry, I957.
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2.8

0.000
0.020
0.040
0 .060
0.080

3.2 3.4

0.201
0.22r
o.24t
o.262
o.282
0 .303
0.324
0.344
0 .366
0.387

0.000
0 .020
0 .040
0 .060
0.080

0. 100
0. 120
0. r40
0. r60
0. 180

0. 200
o.220
0.24t
0. 261
0 .28r

405
426
448
470
492

0.514
0.536
0.559
0. 58i]
0.607

0. 631
0.644
0. 657
0. 669
0. 683

0.696
0. 709
o.723
0.737
0.75r

0.0m
0.020
0.040
0.060
0.080

0. 100
0. t20
0.I{m
0. r6n
0. 180

0.200
0.220
0.240
0 .26r
0.28r
0.30r
o.322
0.342
0.363
0.38:]

0. 404
0.425
0 .446
0.468
0.489

0.511
0 .534
0.556
0.579
0.603

0
0
0
0
0

0
0
0
0

100
120
140
r60
r80

0
0
0
0
0

0
0
0
0
0

302
32b.
343
363
384

0.408
0.430
o.452
o.475
o.497

0.521
0.544
0. 568
0. 593
0. 618

o.644
0 .657
0.67r
0.684
0.698

o.7t2

0.627
0. 639
0.651
0.664
o.677

727
742
tDl

0.689
0. 703
0.716
o.729
0.743

0 .000
0.020
0.040
0.060
0.080

0. 100
0. 120
0.140
0. 160
0. r80

0.200
o.221
o.24t
0 .261
o.2E2

0.302
0.323
0 .343
0.364
0 .385

0 .407
o.428
0.460
o.472
0.494

o.517
0. 540
0 .563
0.587
0.6r2
0. 637
0.650
0.663
0 .676
0. 690

0. 703
0 .717
0.73r
o.746
0. 76r

3.0

'1/s

3.6 3.8 4.0

0
0
0
0
0

0
0
0
0
0

0
0
0
0

100
120
l{0
160
180

0. 281

0.301
0 .32r
o.942
0.362
0.383

0. 403
0.421
o,445
0.466
0.488

0.509
0 .53r
0.554
0.576
0. 599

0.623
0.635
o.647
0.659
0.672
0.684
0. 697
0. 710
o.723
o.737

0.000
0.020
0.040
0.060
0.080

0. 100
0. 120
0. r40
0. 160
0.180

0 .200
o.220
o.240
0. 260
0.280

0.301
0.321
0 .341
0. 362
0. 382

0.000
0.020
0 .040
0.060
0.080

0. r00
0. 120
0. r40
0. 160
0. 180

0.402
o.423
0 .443
0 ,464
0.485

0 506
0,528
0 .550
0 _572
0.594

0.200
o.220
0.240
0,260
0 .280

000
020
040
060
080

200
220
210
260

0 ,300
0 .321
0 ,341
0 .361
0 382

0.403
o.423
o.444
0. 465
0 .486

0.508
0.529
0.551
0.574
0. 596

0 .620
0.63r
0.643
0.655
0.667

0.617
0.628
0.640
0 .652
0.664

0.680
0 .692
0.705
0.718
0.731

0.676
0.688
0, 70r
0 713
0.726



olllrM 7.1 rftfiiunr:'luo F(u,N)

qo 2.4 2.6u
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0
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0
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0
0
0
0
0

I .389
I.438
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7l
72
73
74
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tl
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84

85
86
87
88
89

92
93
94

0
o
0
0
0

0
0
0
I
I
I
I
I
I
I
I
I
I
I
I
1
I
I
I
I
t
I
I
2
2

.840

.858

.878

.898

.9r8

.940

.961

.985

.007

.031.

.056

.083

.Il0

.139

.l7r

.201

.238
,'1.)

.314

.nol

.401

.452

.505

.564

.645

2.294
2.477
2.752
3 .523

3.?17

0.8r9
0.836
0. 855
o.874
0. 892

0.9r3
0. 933
0 .954
0. 976
0.998

1.o22
r .046
1.o72
I .099
1.129

| .157
1.192
t.223
1.262
I .302

I .343

I .652
1.741
r.866
I .945
2.O45

2. 165
2 .333
2.62t
3.292

I .53r
1.410
I .334
I .250
1.1s5

l. 139
1.089
I .050
I .014
0.98r

0. 802
0. 819
0.&]6
0.854
0.868

0.890
0.909
0.930
0 .950
0.971

0
0
0

0.094
l.0u
1.041
I .067
1.094

t.lzt
l. 153
t.182
t.228
L255

.294

.338

.351

.435

.504

0. 90
0.91

0. 985
0.990
0. 995
0.99S
1.000

r .001
I .005
1.010
1.015
r .020

r .03
1.04
I .05
I .06
r .07

I
I
I
I
I
I
I
1

I
I

0.950
0.960
0. 970
0. 975
0.980

.582

.665

.780

.853

.946

833
969
055
164

.587

.273

.090

.961

2.931
2.266
t.977
r .807
1.71r

2.640
2.O22
1.757
I .602
1.493

2
2
2
I
I
I
I
I
I
I .346
1.295
r .250
, 209
1 .172

2 .056
2.2t2
2.478
3 .097

o

I .340
1.232
1.150
L082
I .026

0 .978
0. 935
0 .897
0.864
0.833

.775

.651

. DOZ

.472

.404

2.8 3.O

.970

.s92

.0r5

.039

.064

0. 787
0.804
0.820
0.837
0 .854

o.872
0.890
0 .909
0. 929
0. 949

o.776
0,7s1
0,807
0 .823
0.840

0. 857
0.874
0. 892
0.91r
0. 930

0. 950
0. e71
0. 993
l 0r6
I .040

1.065
I .092
1.120
t.l5l
r. 183

1.467
1 .545
I .644
1.707
r.783

I .880
2.017
2.250
2.788

2.184
1.649
I .419
1.286
l_191

I .060
0.967
0.896
0. 838
0.790

0
0
I
I
I
I
I
I
I
I

2
I
I
I
I
I
I
I
0
0

.294

.340

.391

.449

I .218
t.257
r .300
I .348
I .403

I
I
I
1

I
I
I
I
I

.091
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.149
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.216

1.253
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.601

.707
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.855

I .959
2. 106
2.355
2. 93r

ro

.399

.8r8

.572

.428

.327

.186

.086

.010

.9.18

.896

I .08
1.09
r.l0
l.1l
L.t2

0. 851
0. 8r2
o.777
0 .746
0. 718

o.749
0. 7r3
0 .681
o. 652
0.626

0. 485
0.4s7
0 .433
0.411
0 .392

t5
92
72
54
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fl 't11:',Un11l]n1n lrvlNRl tllulJln

833
849
866

3.2 3.4

0.766
0.78r
0.796
0.81r
0.827

0.844
0.861
0.878
0.896
0.914

0.934
0. 954
0.974
0.996
1.019

1 .043
I .068
I .095
1.124
l. 155

. r89

.225

.266

.31I

.363

.423

.497

.590

.649

.720

1 .812
r .940
2. 159
2 .603

2 .008
I .506
1.291
l. 166
l .078

0.955
0.868
0. 802
o.748
0. 703

0.665
0. 63r
0 .601
0. 575
0.551

o.757
o.772
0. 786
0. 802
0.8r7

883
0.90r
0.9r9
0.938
0. 958
0.979
1 .00r

7.O24
I .048
7.074
1.10r
I .l3r

,163
.tg7
.236
.275
.328

385
454
543
598
666

7.752
1.873
2.O79
2.554

r .856
1.384
1. r82
r .065
0.982

0.866
0 .785
o.723
0.672
0.630

0,595
0.563
0.536
0. 511
0.488

0
0
0
0

I
I
1

I
I
I
I
I
I
I

1

I
I
I
I
I
I
I
I
I
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3.6 3.8 4.0

0.750
o.764
0.779
0.793
0.808

0.823
0.8:]9
0.855
0.872
0.889

0.907
o.926
0. 945
0. 965
0. 985

r .007
I .031
I .055
r .081
r. ilo

0.744
0.758
0.772
0.786
0.800

0.815
0.830
0. 846
0. 862
0.879

0.896
0.914
0.932
o.952
o.972
0.993
r.015
I.039
I .064
r .091

1.120
1.152
I .187
1.226
1.270

1.322
I .385
7.464
I .614
1.675

I .652
1.761
I .945
2.370

a

6r0
r88
007
902
828

725

.739

.752

.766

.780

.794

808
823
838
854
870

0. E87
0.904
o.s22
(t.940
0.060
(r.980

.002

.025

.049

.076

.103

. r33

.166

.204

.248

1.296
I .355
1.431
1.479
I .536

I .610
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t Y 

" 
i, < | e - . !t'I1'll.llJ iU?ru3vlA ':U14anU.t R{lJfl? 'll.ltl1'l t?l1nU 396 t!cll tU?l2.rn1: lxrlba!

.! e --E d { i
vr r iuuurlhrfr lclnrrcor rilu rfla.: ainnlcrdafl ?u i.ridr rdrfir: o. 2 ril'r?o{ 61

i ei v , x .,: -tonuta.:tiRfr21!II?vllJfi1tMnda{?o.rfl?rn1l'l nuaur rlJairnl']n 1l'txfl r11.rRlr

r { -..-"i2830 n!. rxnl/?u1yi alun't l yn!fl2I1vrt d 1l cnu-tn 19.35 t!nl T

zo + 988 a.l fliulrur l Rt 'rNo.: ms: tyiril rfiilr- r d r: yn'rJ sa.rr1firHnfi r uda

nrJ .

T nH'lt

?D Standard Step
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. {: t.7.7 noo.i fEuninrua r rn-uxR1.:1.rui nl'tut]1?x1n b = 3,0 rtnt, R?1lJn'rnruh'tu
I

Yrrr L,S', R?1l.ta1nrl1 1 :1000 uacfluilt sRuirutui.t n = o.oiA ndo,!r{1g

R{nn1?l1Jula',rn rrnf,TJ fi tun21l]n1lfiu I dufln{.! 1u o.?5 - 1.:ft1u lrlr l
4s

dn: rnr r'llro uov nr udn rn rnr:lv:n !ru:r unirorm 'luma.r rio: vfiufii'ir.ryrc ra

. .!
dnodd.:n'irinrmar nr.rvrr.tttr z. o rlJnl

7.8 vrr.rfiilduo'uliilufir nIr.r 5.0 rrlnl , n = 0.014 iufiiornvrcronTjr[,i.trfi.:
_ ri v 4t -Xlruirti'lwrc rndnjadli': cfiu 3.55 r nl ruiat vfluiuyrr.rflin:llrnyr.r

n{x'lfn 1rR 1R tlllnqn
.t$

hu rlfiirier rlo lti r o. ooos i{ niu?ru41dflr 1n 1r'1fi6 rn c Ri lrdnn rr 'tun

ltlJll un if orm 'luYr r.rfih
.l$

liryr.rf,iInr trn 1n r vr o.oo5 r{ niuirfi16'nr 1n1t'luaravn? lrtinnrr'hn

a

b)

c)

ttUlJ Un if orm

7.9 v]1{[l]lJdt nU Rl{}1rJ 1l b = 4.50 tllfll , 2 = 1.5,

7 .10

n = 0.023 tlnUR? 1lJ

rJ, I

s 1n r u o. oooS vr r{fi io rufi :"ufiia 1nfl v r ad1lj$}i.rnfi.rl ftii rff1a .tdn'luusrndTl

n8auvt vRtJ 3-0 tlJgll
{ t -..1rvlioriu?r1.!tiifllj 1nyr 1.! n{ niu?nfl dnr 1n1r'lunluu 1.r

. ic!1ninfi1? flUIn?1yl1.lU'lUR'l "l1J01n t1|ltflt14[.l1n0n1t tUARnViI llUl sUU?I1.1 tnn!1n

lhvrr.:fii'lul curiYofi z. g fia'r Hnfi'unuuyr'r cuvr'r.r 9oo r nt Snqrrut rnrr,!fii

n'rlruR rxfl l1{vra naRnnx LuLru ?vi"t.:fiiuvrun r:ltdvnrufiir raruri.rni rrrn lu,.Jfi

'irrJrnvrrs r trrivra na ntrivr'rtfi rfinnrrSI rdrwfi.r.rru rravil'lnrah1u6i1'r ( rnvcrr)! !,

,.: w d -{ laj. d
AlUl8RU t RU?nUv{lJ?l1.lU 1 An}l1? 1rM I nfMf,RlE.ll/anAn tUnl0

") riananlc'lrflrh"lfi rfi nI gn

u<l
b ) flaaaRtc tx141 L[4afl t'tn1l -lxnt'tn ! r adTJIJn'n L nuutuln,:

<a 7.11 ra},lHrx au?n 7.10 uii'llniana nfii urln r fiurilffJdnn.l{ 3.0 rxnl r).lfhu?ru

.i. -." ..:nrdn:rnr:"lun'iuyrr.riii rilaa-rfii'iu:crnaa.o{frt;fr:.r6:qn lneyrinrtn'lurru

lJ{'lrtn' r"r., : vy'ir.rria oa nruncy y r naril'luydr fiuenu (cr,c srep)
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t. tJ

'7 161

e..<u.l
vr1.tu'muf, rvflt]:JHu,{ 1n1'1S 15 t[Jnt, u1? 20 n!. l'tnyxn?1xa1nty 0.0001

4re1e6
!fla eolcx?'r.Iyrrr0d'nl 2 rryn tii![']yt!n lunTt ruUaliLLovil 1tfiifla{y'l.rIi

tli'lflu 2.0 lrnt uny 1.5 rxnt ntlaifi! fir n = o.oi5 uri'n:rnrr'lua

llJvt '1.:1t 1n{ n n't ')

_qad-{yl1{u'llllf,t atl!R1.t14N lJ b = 10 tlntr z = 2, fi'l1I0'tnt14 0.001 tfla
,{

f'olvxi'').:'nYrnf,'ru 2 ttt.i.r i.:auyr.:nu 1.o n. n rrol n tr1fia"n:1n'lt'[xn
n v. I'
nJl/i1.ru1 tvr1n 75 alJ. txnr /?u't?1 rt{u']lvnuh1!i'[wv rndn|y]a!eEuuu
i -.-.. .i,

r }la l cRUfl ?u1'[w v r nd ljy]au9oun'r { ryl lnu (a) a.o rlnt (u):.7 rlnr
<{

rxioriuyl l.!{in tnyrl{aan nrrun'Ifi n = o.o2Z

vn.rfi'rludruniuuilufirntir.rlrn in:tunrnru o.ooo4 rlflu n = 0,02 r,dar

. i ,,rbrnrr'rvrvron'il 2 (il.I ri-o{r.irrfiu 1.5 r!nl :cfiLfii'luucrn*-rIru,i.ruun.ri
,-l - e ."jau tYnu 104.0 t:Jnt racIcnuru 't{Iivl my't{[i tytltiu 101 .0 r!flt

trJfmnllffu r.du n{{1u

a) r cdufii'lufl r r nd-nlru.il drl rn : al r iuril r1: i.r lwi1fi r fi nn rr luni.ru.r

unif orm 'luvrr'lfii
r<b) nllcn]lTtl tltvlc I nd11jux{a'].t L lnu 103.40 ttnl n3d.: anlflunlijrytou

M { ulmanl'ln1l tllOltlJlJ Uniform 1110 LlJ

I fllil n1llA{nUUlyl?lJ IRl.:n1l U.! yi1\::C!1t[1IR?1xA 283 d1J. txnl /']U'lvl
t ) --" ! e J .1. a

acrE { nnfl1! r xa\r nlna 1n 1fl0'llM y ! n r fi aiuflio.] dflc I nl rEnt{ r uo,r ainylriurJ

.. ". { .{ I {. { il1n'Ifl.! ''l l,U m.!fl:'l'lyl'h!M'IUIJ1tlrul flIl4nUN Utl'lR 1flft?n?tl mUn I n t110

fi rvonnr runlr.:?E.rAifii'lfiiirfioufi{n rcfiufii'nu rnd{dnda r . 5o rrn:
I v vo - .'C

tl4u0] JRUtJ',tyJ I Al lnfi 1,: ltn]0nn,l?luR',t1 !1'Lun'1.:I11v na{ '[r.J?llJd{ 
n 1'l 12.0

{ vrvo l"-
tNnt tliuat cfltIJ'ru3 rnulunnl\t vrytilnR n!. 2+r5 amu'mu1?a.tyt't.lI tu'tu
v. 4 { e. -x ...1 i
U'l a{ I n0n R'l11.J61tl t rl?i1J14 'l'lU 1Ltfl 3 l Jn!}11]y 1.: 1tr\a Ac 'l 114.1'lUlnnUllrlN 1t!

b#4n aufii1n?rrrnt11,rm{yrr.:fi'rriu (a) 30.o rlnt (b) 15.0 r nt

ltdt n = 0.c14

7 .1Lt

7 .15





8/r

ljvllr 6

.< rr.
n1i a?u Ruuocn 1l uJE Hur0JB.rx l 'rIl

(Channel Control and Transition )

n r: nrunNvrr.:fiir! ru6{ dnuuct a.:vrr{ffr o:':r., trfuriaiiruuti*i r,lru

"nvua < I
x't L,li n{ R't 1}Jf,rJ11u6?/anii nl 'ln 1t 

-1140ttn3 
fl? 1lJnn t zu rJ1u alnlliann y]'tnui6tr.

.,i , Er i ,- { {'"xUlVnlJ!1tru1 vlno''l ?U l1J1&)1R1lvl,JllB nl'l.ltu 7i?nvlt nrr?tu t a l9ilrJE I llrtl'ln ,fll.tn

-lRock outcrop tJt ! L u?Ju?0.tn 1r R?!flrM 1{f,i -tljrituua1R1l1nui [n&a']Qlll lu

o4l
n't r ?iii.r 1u R't lrJrinrrn va-n: tn tr'luo

uo<rgoiar
n?un1l rlJouurr Snvr't.!lti14lJ 1u0.r ?t?{ga{v'tnui tlrMIn'n tuntrutr fl,r

r! Hnn 1r lxa lcin rr r!fiuuuJnn alnm 1?sfiri"'l ! flraxi{ ltjddn irt arir r nm6narti.lr,ri.r

r tir n1r t drrurulR.r Rl1xon n?au'l{?la{n'm rilnuuuro.rx 1.r[1'l nun In.rsa{vl'l.r

ucte{s.t
U1 t !fr n 1l tUltiglll4lAn 1lUUn20 A.!vl1.lU 1 t Uti

E.1 clfsf,Uru ( sharp-crested weir)

c{{{auuv
!l1Udl.tRlrrlJUt RtA{tJav ty?nanlln'n tv 0 ?,a.l1.l "rvruutJ LtJnLrrlll n'lujlstnvl

! .. .".u!.r rrnnqdn r rrtar nll'lxn m {ii fl'luH rt dunui lirui}L'l['lun rraon uuw r.:i'rKu
.i

ttuu1J1 []10tAA11! (overf low Spillway) I Ua { a1niJ1Ul,Jf,URlJ A{t?Unt]AvD 00a.:

tuglttffall (soundary r,ayer) rto 3 f,? ltJl4urr-Lil !t0vRrt'l1rJn1lffJ t ffulin{.! lulau ln
. hrd .tllla l!!n'l l6{ji r, d! I n!

{.<d{ua<
t,J011Q',ll0r1tl lriliruflJ'tl.lvr1.:u1t rrl'rld t Inuxilu,i lvix R1']r.Ju 12?1a., fiurl ltj

< qr<
lvlnlJR? lrJn?1.i?lA{U1.lltl ( Supressed Rectangular Weir) Xla tllnll!U?1.I

daruyM.dau
n.tLlfin{ tul1l14 8.1 d}Jrn21n1t Dtota {u Tr40{ n1nft1ufiLr,.l'tulr'tLLd ? t}trn'llljugrl LLov

d.
rrl.i iu Fna rt ttu ?fi'r ns lror t vir fi! tl,t.: iruu t t u 1n 1 f1

-a . 
"'r].ruunc [n11n11I r I ?yr Itl r: llfl1

<. . <
I Yl1m..l V 2sh tlJAfin1ltu10nl1n1l tunto'!lu'l14lr2U R? 'l n1'l.lfla{u1nu'lQg Ifr?-l
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812
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vo/ ?9

h A

r durSlmu:lar

/,6

voH

'-- t a r -l t, + z rl- t + n -s,

2g

flJx 8.1 ron,,rlrj fl r'J ftra.:n1?'ln orilu t]luHun x

P

B

v2
Is

+ 4'0" ior ,. 9"
{ 6'O" Ior 9".,ry < 18"

[,lochined
surfoces

t3H

0ullines of lonks

(o)Corlroctrd rrctong u)o r lb) T,iongulor

# a.2 ?nr1fl?a'i rlTn 1ril1el ?:1lJ ?tairlj ?u t x6b.inqE

Crest

Ha

0e oltH

(o) Generol v,e* (b) The crest ond the equivolenl u/err

C

a 12" lot H.g"
+ 18" tor 9" <, < 18"

5

-tl6

Edge
s€chon

:illr E.3 krtrussa{ilr{frfiu
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H+vZ/2q

..@T- on 5 tt# * at3/2
zq! Eq .rZ. trz -(:-) Jzq

vZtzs

Uq.
Lnufl1 h r llJlfla1n ! f,!ta.!rri{.r 1ut?llyr.l11!n rua{n1nn1Iffl1lln?1!ruL

3 v.u Z
nl{U1 !}lnfl1UtJ'lUaY nllUUn? a{fl'l lr0 nl lnll 'lXnuoUfi.: 

n? l RlyilrlyqEn iritl l149l1j

i.rlHfinrrliurirfilHilrufunr:cfiy,6'ruonrriufir (conrracrion ccerricienr) fi.:firl

! c"@ tt$ * ut3/2 r*f/2t
zg

as fl1g

8.1

a-2

8.3

q

i . ri .etlr0 cc = fllJtJl SdvtE?r4., n lluun')
a

ei4f,!:id'lfi cd rtrufirUl sd dga.ti'nr rnr:'lua (Discharge coefficienr)

elndlJnlln' 8.a oy'lfi'ir
)-
i cd J2s 3/2q H

VZ
NU cd Cc [(1 +

0.61 1

< 10 fr1 cd

3/2

cd a3r.Jn1lu1fru

<,
ls]J n1 tyrl nu dx

8.4

8.5

sd
rrnc'lufirJnltvl 8.4 l1 lIRr]

2q H

u-hM
ta

R',tn?1vr.t cc un8 $n , irrgXrl,lir.rtar'$u?tourm (Boundary ceornetry)

-{t.lrru t ofl rvosiua -ulfiud'e: r6i?u H,/w ulurrtfiran (neiruocx ) lirinrr
rT nflnnlrxnao;r fl1'l-n r dua dnr sa.r n1rlr1ri1 cd H.r'lunun t:n'' a. r

ua
+ 0. 08 : tua H.

w- .< 5

11

yt a.r 'lfid1?ra.: ca finnh.r

t tlt .ta E1{ l, R!.i?

ylRna{I1R1 cd

cd

Hrw tJR',lrJln 'r nl?8.!

R',l?J0n Cd tLA! cc

0.6

n'l IvZ
2q

rro H/w < 5

th s.!
w

av r irr.l I uuaan arn rirfi "lHlrn*iln r:i e. l unifi{1fi

rji vrJ loru ltnt lnrr 'lua"lH fir H

ti
| . ed { .t u

U1nn11 20 C luagvl'I4[1vlt 14]JaU silI g{aell1

nlr lxnacnn m!gliiruar rr,rdninqnvr rrHruufl rua'r

irhtvirfiu n** tl'ttl1lr1l014'l q 16fi{us

silr uo!ff?lxdninqnlTElrw1rlJ



El4

q G v
3/2 Jq (r + tv)"' 8.5

4,1

8.8

wrurildrn 1rfi E .5 a.:'lu6un lrui E .3

1.06 (1 *f;r"'
rc'lhdr

r r r a . " 
. < "' ,"

d?u H/W abtc1421.l 10 u0v 20 ,raza {n'tt ilt}E1ua gvr nna.t u{ txtlJlMttu?lRn{ tu

Cvlv
tljvr 8.1 rrflft.l ll1tl1t14UOnbtuct'nr 2 Ul3n1lfla nltnlca1 rL5.l9run1l.J

rKu a.Bp hilzir iuruuOaln'nri (Hydrcstatic) rflr'rcn'D"lua?a.rfii'tnHdruorrfin
{"agil'ln'tltl.i tln3[t.tnul:14?1{nn A ito! B 1nnl1[l.l r)ulJt t u lnlll tltl"lurJn1llru

fir unv r fir6'n:rnf i r r'.r flaln1rlunfla{ff1
.l .r

nifi ru iauri'riifr1'roonrrornaJ ru r r 1 r iun ilri, ufii ( n +p. ) a'tnn1 :
q,

? t Rll Ux t I1dlJrJnl1U?.ifl!911!]r,l?UUILA 3 fl'101.1?la {}JlUllllJR1t 1n! tll.ltl!]lI l 1n't'il

Hrfirudr.:aariruffriniun.ratlfi.: z Er.r o1n1r1nsnnfinadlfiJrufii uavnirm.:fir e hru

rudingei6g "y ,1e11.1 lnruilauutJfiufii riuriler'lfir:.rirunna{"I!ilru 6.:vitii',a:r
- .,1 r .r , J{ J ".-n'll 'trld 

r '/ot ? 'tnNluuin? I nctn 1in 1u tua 1n 1fly|r) r ]@vr1'[x rn.i nur R'l rvl ln!rr1.l r)u

urrulnlfiadr d a

4 u a.a rrc
na1?!1111.tm] t uunlt lunr a.iu'tr,J'lurl1rM! I grruulr]1tM'luu 1aL,,n1n'jl

<t
rcn'iltandurJlu t],:tfunirnr:"lunur!6drc ( pree Frow) HrrvfiuiliHrufi ll,iia{

srd
n.: n?11 udu?J a{ du 611u l!.Jrruunlt'[ua nu tlflnn1.! 1']nn1r'0rn [uuod I Y r I unn 1l '[un

X, "-...xfilneir ajr'rnr:"tuo uuu'[6n?ii ( subrnersed Frow) i'nt rnrr'lun umlHi lf,iiu oqlill

o'n: reirusa,i H.,r H un;d 1 1r nU r ctJ 10,J14 1'[6a']ndiln 1r r?a'lrji
I

H"

Q tl - ( 
H )

cd

Qs

n 0. 385
1

t rra

QS

a H

,1

. i{ ,-.
a a51n1l luarlULrofil y fl.tguaunufl1

an l1n1l L nruu ttrfl?t'r
{u

I CR]JU'lnlUYlltrU 1 lUUAflUil'lU

. . e <-u
R',l?J0{ tngunnlo.:vl [nn1nn1l!fi]JmJE a{ Q LrnY Hn

. r q .c: 1 1! {.'tun ltu?lA.l illUdll frrillJd t unlxrlUE 1, n xfrl t7lllfTlJ 1.5



8/s

vtdalr
i,ntld't1.1?ra{ H./H r$ltlht t iurrgo{ nlt sl1lt ( percentage ol sub-tr

I o oow " 
. {merqence) ftflnl Yuunl vt yra!?i0.rl cnulih1ux luil"tu 16dnl1n1t'[y001aavrnn$l

Il0tlTtl JfllJLl1?l'ltl! lACn lt YtlU? A.l6[itJ1U n?U t r4m] a'!In 1ln l l.tnl tnu!1n1!.lrl1U! lnaU

dqo',{fi'rfiurtru r fia'Ifi'liid'n:rnr:lua ruua'ttr c dru iu rusurnrnnn?rayrtsrrvvnnlru
I .'t- c ^,"'- - {8 tt1lntltll tLASlVUUUiCtloJUUnlt!U'lU?,l-l1n'tuQ!IaIh.lnunllml'l fl.1 'l tA.lu1

t lE { A',tn fnu

mln 1rfi 8. z llas E. 3'l[lHriuar uHunlfiiRr 1xu1?aa{Hud ru rvirfiu

n? 1lrn!51{ ?a ny 1{f1 I in uoyn r r"lfio riuu!!;d r c fi1il rrrin't:fiJfir r ttrr o ^,nfiru

4-Y- I ' d .
U'1.: Vll t!1:J1UlJ 1tJn1lttufl?Y.iir'lLl?l''l.l ttfl 3 tUttll?n.: ltnnll tyflU.l Rl tlJUttUUad lY

d,! " -t- .,!
a nl'tn1t -[un 

fl']1tc "ttJf,{ n01?as! 01na Hn ?1d9n'ln't l'[uav]1na'tnd nltvr 5.2 tla! 8.3
.'tlun tn{n412?1 fl 1L6untu1Jll1l1J11n flllJ',nnumfit'ln1t ll.lfl ttta'tndMlllyt 8.2

<c
rrac E.3 1rE[yrun1 L i.] !!un2 'tutr't ??la{ duA11n n5.l nlun'ln2lxtlt2 tsdv6flnroir

- -Yfiurlru r,e ri{iunlndtnlt 8.3 QJlfi

)-
i ca -lzs 3/2

a LeH

I r,tr Le (L - 0.1 NH)

8.9

8.10

8.11

lJa N = liururarnrrirtr.t

v { a o Y e d. r u
0111n11lrun? .:fla{tlit N 1cl.Jfl1tI1nu 2

u<{uva
o1rJfl 'l tuugt?fl 'l't I otr')

N aYllR',l t'rf irru

?nt

c

1
{ur{ ., I ru I

u,0Y t a tlllJn'll1tun2 [nu N iglJfll t']11nur u

.4{"..t/illul n'irlt14nulxlaillHrui2? (v-notch weir) ltlayinlt?!nl1c'lin?u

tirr r fi u tiu ft r d ru :l fi r u&.nrfi ufi r o s 1'n fl nfi r diN fi

a = -L c" tu., ! 6 H5/2

4 s. 
"'..1faun?? 1.r1i? 1 1ljuux'ltrrl! 90 a.l ril

{, i,!cc lJfl'l tYl'lfllJ 0.585 [tEl l CtJ'ltl, fl.1RlUACflaUn?'1fl'l

rdauvruriro.r'luornlt 8.11 av16

rlE
4r

tLnCtIE c = 90 0.lfi1 YilJ ?1

{.
?a{ fl 1u1lJfi t14auNirl.ring
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a

a

1 .382 H

2 .50 H2

1.3'71 H2

I S!1]0 .i n rlB

I fl! t }lnln2.5

5

t\ .12

8 -',\3

8.14

8.15

4.11

la

4
tt9l01l2tr0 B1{0n lO{ mJ11ff n1l!JnaU t!U

48
a I WLr t rJntn

l31J1t0{nqu2.44
a 2.48 H

8.2 X1{tr1fiU (overflow spil lway )

,.e.-ue.tqM4u.ucu.
x'l.llJ 1fl1111 tUU']fl?UtnU tlrnnu?l'11M lAvll.tU ''l Ultlj! tan (oOe.,) 11'.lr ',or'',

Hr.fi0ur'Ifffi'uatir.: u{ixo 1u dT U r $r rrrfiid?u r fiuaan l rna'r.r r firlfiry {'a r trou

finul#rtJra':vir.rfiifiu"lfiunn.r"l1'lu'iilfi s.r idufidrflc,:ati r dlr fra

c'?uuar, 1cr."t; irufiraa.rd5{x1{fiiilu ftrtorvrr.rfiifiu 1roel lrLrhdrm.:n'ru
d u .tr.o- r - ".t " i..

u0 trfl? I Qg t 'UU 1lJAn 1l()l yylyl'l L1'1 [ flnfilul Cf,vl6gA.l n1l IUAX']nylfltrt ru l vl'1 tnrtn ltntt
4 .w rt < !

n lau(tnun1tfilr fl8 rvau[nrr?vr1.ru 1au n1x!nfffl ?uga R10.ir1.tu'lnunsrJ Jt'lil txlr rl,lnrJ
ta

e'rair.: aa.:ilrufiifi h.rn druat TiHu ffJ ( gufi a. i ) fi rlrt: tin'fi r neir mi1fi r n'nf,riu : vfiv B

?ann1rl ad.:dn unvo'r1 fiuuuni'ruua n:l'dr r ilrfu n'l1xfiulr r u1n'lri atir'r"t:fifr

n 1t f,r]uudlr,,:'tula un ? 1 I 6nflaan rlltu Qcfl 1'[ff I ne]Rl1lnuvlrJ 1nn ?'l R? lllnuut t lJ 1n lriw
a

I .auq t .
druuanun:vri'Ifi drJ'Ul cdv dnll lxnarra.r 'h:vriua { r 6u rfi'uH r r a'nuufiu al rudl n'it t :orrvt'

aari ILUU a l aayvri'lfi r n'nnr trirunlulrd2uua flLracvi1fifurlt ciyri! 0.! n 1:"fl4nt 1nn'i1

rtnfn lxgiuata 1anYvl'r ttr rnnfl'Ilf,nniau (cavirarion) lJuduuar,1rr

dru hrn r.:ffrfiun=$ (fi = o1 Q lnn ltxnoa nl\!:'t': ctr: o tnua n lud:.r nxn"i

uou d. Y t
Qrfr.: der?a': Ha rM 1nfii611rJ R1t vr'Ifi! o. 11H Qguutrvlufr'l cd = 0.611 mc Hl =

8.3 a3 t fl110.89 H n.:'ludr.rn rrvrJ

q

q 3 .97

..3/ 2
H

D

u3/ 2
D

2.15 I UUU I 1JOIN 8.16

MA{nqB

r 1ufl u r ;unr! i'1.: ?a {vr{fiiHu u. s. s. n. t"rv'rnr : rlnurfinuruv p d'l.! tta.:

, -.i" ui-," i.
lr1uu11,r tlln ir1! mt fuM iM ut n? 1}tfl']fl t vrtro vvl]] n21}rn rn t urrruu tctu $n39iail1l4ti'lu



n'tuifi?nltii?E.l nalf,rrdr.ri5a rtinl (u.s. Army corps of Engineers) 'lYrytrnr:
, 

.'. .l
finlrltJ:r.,:rrn:Sfl?E{yt1lfiiht 1ntr'Ifi{eXnarnn'ltrnna.:?E{ usBR uncr1nn,tl

vrnaa.r r fiau rYnln r for r fiu r fis rfrrifinuo c uns flJr'r.i ra lilrufii olnr:fir"I:.tfi"1ffr,t I

Tu :'lrtddrutra nrn rvr r..:fi ifi u'lfi ud nr'lI'luar,n r:fi a. r e

xn rr H1-1 l v
o

tt l7

e.18

I!a H
d r aarm.rfii rviaeiruuar,!i'lU'lunr:aan ruulrilur /2s

i{t{ ?nla u n':J n? 1}ln lf tt v vr 'Iti14u 1 ?l a.:'}11{u 1nu

2

K LIAE n Rl fl'tl1

run c'l6r$ n.:l'J'lu nrr'r.rfi

n1l1.l?t E - 1 rir r rrnc n la{dxn'uvr4 E. iE

n?'l n 'tn t'I1fl 1ul4u'l

fla.:Yl1.l]J1nU
K n

au lutLlrln{

3:1

3:2

2. 000

1.936

1 .939

1 .873

'l .850

1.836

1.81 0

3 3 1 .7'16

tlDr
-r-ai-llt.e44 uatrnt r't n Nl nl:'Tuza,i d?UUa nv 1{uinu d1}1iUR?1}Jn1fltxuantUuaa1n

.lrurq
n't'!un1t1.tvr B.'t Lrnl tnu 3:3 d'uJ110Lll yx 10Jx'tn-1 K Lrfiv n '[t'lnuflllriuu

nt'lliua.r n fiun? trn m ! urtfl vntlyi?a.i
!

ttfli n Fl'ltl fr? 1m Tr t YlYl'h nn'l I

u 4t .K n!n't't n1f ,vi alnnl l}{na1u fl1ga.l K

a -2. 1 nltildfrrlnltlxainuT q rf,u IJ{'tridsa.rtranvr r.rfliHulfi ir.,nrr
d r 

" i c r $ rrc
aAn tL:J'lJ L tltl?il1ltlJ1l Zt)t }itl'i fil t 9lt? t.itlltlUnl'llEtnAntt!1j H- tttraUl.l tlnfld

uo <$ .{ u t - A ,
t Efl?10.!u 1vr lv 0 it"tuvr'1.:u lnua't anul.J RMnn 1'll4laua un ?1t u rEan ttulJ ri.luul.'tu?u{ 1!

2fi1n I llJ ?lA.l na.l1111il14lI0 I Xln 1 tilIEU'lf,rlfl'l}1 M m Frl'ln15 tr4a ?la.iL 1r'l'luvl'l'IU'lflU

8

ut 1o.l



E/8

H

tlzt4ta
tr..r6_ t.939H0,!roY

H

R.O 2211d

1.f,

t.?

1.1

t.0

o,9

o.a

0,7

o.t75Hd

=O.5Hd

xr!'.2.o

R'O.4AHc

fl9H

R'O.45Hd

# r.u plir.rta,,:

vrr.rfrhurrr:gru

H

U. S. ArrY Engineer s

I --,
fllx E.5 n l',rNfi uD

:cltirr r dnunsbl :rnrt

1r,r nt'ru!fu u r.rfr fi u ga.:

U.S. Arry/ Ehgineer6

H O 2171'1.

R'O.2,Hd

o.! 39Hd

xr.!.:i 936Ho.!.Y
ez:x977cv

IiRd.E

2 0,4 0.6 0,8 t.o 1.2 t,4

rt
t
t
5

t,04

LO5

l,o2

r,0 !

r,00

o.99

0.9e
.o

o.6

o.3

o.4

o3

o.2

o,t

0
. o.85 0.90

C/Cd In whlch Cd.4,05

J
J

fui
s:\

o
o
f\ o

o
oo

/r,L
/l/

/t7
zI

Hd' dellgn h.od .rcludinq Ho

H.' lotolhlod includlng Ho

h

B

o. cr-rl o

"l
ttal

0.70 o.75 o.80 o.95 1,OO

l

,c

'/l
/

/,



cLHl'5
e

8le

8.'19

ua H
- V {a an .h u r

r ERt8.:.t 1uvr.tllrJrrt !1Ll0duil1utllt r EflR11I r I ,) [u7'l.tll1 r tt1fi

)yr']{ulnun?t] (v'/2q)

a 1nflnfl a.rn1lvrflna.:1ftJ'lH uuu aina.l)1'1,! go ri1flnl' rW n,r'Ifi rfiu'ir i arr

c .r. e I cu Jnllrr 5 lasiiivrflaibnrr'lun rirr.r rfi nflau rfu e1 1xd{ fla{yr,:ffrfirr w ri'tnn'j'l

1.33 H- lro n-dd
d a..r t a

ruLt Etaanuuui.t 1iln 2xft1?la.: r flnR?'t& t 
-'l V ^ de

nvuu Ll.ln l0Jfr.,l nii'l ?

ttnv w > 1-33 H R1
.fufv)--
n{ lrJlO { l1a'lltu1R1flA,i v-l2q 'tr} 'tunltwt H

e

d- rl_ect
Hr.il:#vr6nr:1yn c lrns c

<r
a;r.lR'l tvi1nul'|oY tvlnlJ 4. 03

r r.{ L, c
01vl1.tfi'lnurJ?ru1Rn 1Ra ; = 1.33 R?1Nll??la{n1l tv011u1111.1

h { '. 
d"d

u'rnuasravtEhnroant lnlt t,!ax larE nrr!l var En']l ruotlavr@ Iur l*drra.rrirufiiHrgnr r],1

.1 aul
tll11l?U tulljvl 8.5 tlfi tr{ m'lridrJvflJol y}1? "1.1 H ,/H. tloC c/c. ttfl8 tfld1u 11,1i 1R"ledd. -.- i,,. -.- i.c 'Ln 1?olvr1liifiw;"trlrinrrlotrnriituvflr dru i-nr.rffrdtnirinr rrn tt t vrirruvir

, lr a.v e {t ,
611 11n14'lfll c tfl ! nua 1u a1nn l'l?,liljyl 8.5 [n?fi]j')2urrlln t 90tljllJtLn tn01u

a'rnnr1'/./r! r Rn'[u]M 8.5 r ?,;uf,u

.l <<
R?1Xl I ?t4f,lr!0 illl l{u1nu

a3c.J
n 1lrvl qE0 t r 1d 1rJ'l I nr 'l fi? 1tl r I ?v1 snl ?o .t vr 'l.l

d

4.2.2

flifiu tv, ) lTiarnaln rt 6"lui

29 (z + H. - v., ) 8.20

NU
e <d

n,) 1x1.i I 1ni ?ili"n ruvfi rd.:Euvr r.rfi ifi rr
.lu

I E91fl? 1l] t I ?9r1Ul1U'lYl'l.lU 1AU

a e. ^ldR? 1I0n?ra.:u 1v mJvr'1'!u'rdu

{ d < u t{ e.u o < .ne C <
rua { a10xn 1l fl! I flu1r0.r {'tu r uali'txnduvll.rIinu a.:vr1-[fi fn 1l] I r fi

q { . q, - , o i,- .r - "' 
a t

rnngunr{!R1[aun2'ln?']1Jri?]iliralnvrqb! (flIn1 r 8.20) ?l.t1fi?ra.: fn 1 ll'Jd?!
{'-v{

lxrlav?u @unlJ t f,rlta.r { 1u t}uaduxl{lj1du, fr'l z, R? 1rn lrtuu oa.:vr'],llr 1nL ttnu

fi?1rJflt?tty0a{fl2x1{ulnu a1nnl llta 1ioJ'tt)1u runflattnSn.llv]nna.,m, ? "t fil,lanFnlx

a

z

H

v
1



8 /r0

cd'.{. i t
r r 7r t nfl?nl al{ ay r lHn t 1Juao n l'tn n1 a1n?tqEnrln? .1

I
r]1n?ni

:rli" a.s 1

fl17r tnnln

{ <r dr
lra I EfllJfilua uo.t tto 3 R1 z rR1

. o'. s . .,:o -.- io,
m'lllI I ?X I n 9r?ru nl{X mlvllilu 161Jvl1l R'l fn 1IB'ltrt }1nllv llj

lv'lU'lun r:aon uuu r i.ra rlrulir

r'r nrrdrilAuflfi.t.!'lu

vt

Urr

l?i6 0'l 1:8 ,JR? lrJttUUaUrA I U.!

l1nn1lvlnaa.t?A{U'tUtUltaai (nauer) lJ

4 { { b{ a d. ! 4 c d u I
tua{ilnu,fntflUflvllUtxAU1 R?'lulI?!1n aCxfl1lotrx1o t UA tl]l UU l}luunUR'l n1l

. c u r <i u C t U < a -ur .t .i
dcitflu?r.lna't? rllanll t14fl r thlrlUududua b1,,fiNlrltu ocuLa{0a'Lrrl't n1l f,cr, r dtJ t 1i0,l

q ... Jo r< { I
a'ln fn 'l! I flUfrl1'lU?a {?1'l.lU']f,lJ?lrJ Fr? 'l n1rIyiflU 1Y Ir.J!flAnlCUUnl3t'[1aUmn1a'11lJtI?

'lrJvrr': er:.lIrru irnn l yyrunl ! r fia, i o , , n'oil, , i, n? 1,Jn in r yiri'rfiau f,?u r il#ii lil
n?ruirilx" e.o "trL'lUfiur rlffrfiufiinr r:in rr,r rrrnd1 1:6 rrani1nf,lJflrrfi s.eo

d-g , r.-- E
U.s. Bureau of Reclamation n tatfllJaflMl1lfl]t,lllJ}11n1 V. yl1'lylourl t?r].tll

29 (z - 0.5H) t -21

< X " .'. *
t,sld1rdflf,'lu?r0nR21 n']fl tviriluillu n1l'lunavNn1tt n$rvifh41.J 1ir::rvtuvl

at ."- e rr o' oo-
{{ acxi'lltr [ ntln? 1!t]ul4trlurn 1{ (centrrfugal pressure) aHl.:!'ln f }01vl4i'fi

rfirrntrtrhouuu n{n'lt'tuor"r:'ni'r r1uriur.Juncila.rrYunrtfrnr{rcii'nrfirufli i'r'tiioan

ruuudrutb lrn rn riln 1n t vfi rufi 1u'Ifi r flunsfio16i ( curved Bucke r ) i'.r fu fin furXu

I eou r I e - o l eu u r c | {
?la{mJM'1.,U1nU f,'lll110 l C$l"lon'l R fl.!t lll fiN?Ja { fl'lU I n{tr.i nn'l ? (oJ XulUlljuln

, '"'{tna'tnflnl m t1Ju
(V + 6.4H + 16)/(3.6H + 64)

R 10 I .22

<' a . cil . a
rrE v. I Ullnl1tJ|, :lvlmJI1'lulnulMu'lu l llulinnA lu'lvl tlog H l:Jul gtll l4lJAfl1ivl1{u 1

I

fiu irurjrurflrllnunvhitlrrir v2,rzq n2'rrriiuuln!fialfi{rnsebn'1u}/{H1utr{mrls
{t a 4 1r t e - a <t 

"llRl l vil nUR2lItiUXlJf Un ?{!?nfllU RlllltlUBnf,O nU (Hygrostatic) t.lfiORflla.lnu

n?1!o'nHrufirrnTl fl1r1.rvro 8.2 rdn.:{fli R tia.ln !fraT H{luril:u oa.l: sru r unin

'|

1



E/11

560

520

4ao

440

40,o

J50

3?O

2

?4

oro2030{o50 60 70 80 90 roo llo r20 _r30 r.to tao 160 t70

v.roci, (v), hs

h

Frx B. 6 n: Irld, nluu rrirn r ru r i rin'uvrrlfr Hu d':in'l ru nr n r nfi rufi ru

1 : 0.6 0.1 1 ! 0.E

15' \ro 20 30 40 so @

n2.tra.litYr

-- - -- - - crue:s5n?'llrclirn o.15

75

i-- R -22.43 tlo

\

I I II I
I

I

II ;7I

I I

I I I

I a I
I I

o

r,

F r
L
I

o

t

I I
rl Irl I

I

I
I
I

I
I ri

I I

I

I

9
[-t_
I

-

Irt-F I
I I I I
I I ///

/,.,/,
I

=rqF

ii
I / ,//

- .li-_: r-
_ :ir

- E l--
I:l

///,./,
,/z

IH

'./-t

o

20

30

40

50

70

\

\

r-836 .
v= x -le.62

.{ l.-".

$fl a.Z n'l?aantuj1JIliru'1zu ltfl?AU1{
.J
y1 I 1

I I



8l12

n1l1{r a.2
ed

RlltUYUl a':l fllJ?A'ln31a t R.l

H, I lJgrlR? 1rJ{{ ?lan

rr,,rfiiHu

w, lllnl
0.6 1q 3.0 4.5 6.0 7.5 9.0
w< v 

-

lfillDoinvra R, r rJnt

6

9

I5

30

45

60

1.8

2-3

2.4

2.7

I
9

0

2

2

3

3.0

3.4

4-2

4.5

5.3

1.4

4.5

5.1

6.0

6.6

9-6

12 .0

15.0

6.0

1.0
'1 -5

8.5

11-9

14 .2
'17 .2

1.8

8-4

9.0

9.8

13.6

16.9

20 .0

9.0

10.0

10.7

1',t .4

15.0

18-7

21 -6

10.5

1'l .5
't2.4

13.1

16.6

20 .0

23.4

n10u1it1t 8. 1
d

AiaAnUlljvl'l':U10U d'l14 lUA nl 1 n'l I i}1nd {qtl E000 A!.}191/'l u1'/l

: cn'!ffr1.{ dn'lua'1{ r fi uf, ldr n'u 6. 8 {n ruiaHuto.rvir.rfiiHuf,.r q.r zs 4n

tyn ,]ufii]1ttfiS fl21rJfl 1rl t ylu lUyl'lu?JO.:111':UlA! tx 101J 0.33 tlO! 1 :0.7

Rl lNo 1fl

n1lJn'tflu

I +v
n?u I h.t ?ro.t dlJvr1.t1]i lr x1'lFra'tndstl x

aurfi'irrirHro'lrfruinrr"lvo, c = 4-e'75

= txu!-1 ly

a.,! 1n? 1m11.: Irnu r iuulusanrl.rflH!

a

.<. i nu uadlri "lrinnnr udl tn .lrldr.: 1u r uar a']nn't 1]J ! r ?n1u u1?n nvt 
T nfiifi ! ocuunY tn1'l

3/2
a CLH ( a)

3/2
800 0

6 -.e. 4 -u
tlJvr li JrJUn t Oan tg L = 91 ?{n

= 4.97s (L)(5.8)

= 90.68 linL

a 1nn'lt 1.tv] 8.1

ttnJ n = 1.836

1 .835

{.ur
t !A R?'lNa'lfltYr lyllnu 1 flA 3

t1.936 (6-8)

1.e36

(tru,f;.r) ov'liidr x =1-fi6

( ii)Y
x

9 .62

1 .836-1 lY



EIL3

alndrn'rfll' (ii) H1fl1x1lnRiu?m41 y 1nfl.lu

x02 4 6 8 'l 0 12 14 lrr 18

y 0 0.37 1.33 2.'19 4.'13 7-13 9.96 13.22 16.89 20.97

x 20 22 24 26 2A 30 32 34 36 38

y 25.44 30.30 35.55 41 .18 47.18 53.55 60.29 61 .39 '14.85 82-66

d4
a1nflJyl 8.5 r i.D

islfi v z 60

75 + 6.E 6 t.o ti ttn v linH = 6.8

R

{nTiuvr' lryru rir v uac u n.,'lunxn ri a.z2

'to1 '35 = zz.\j tlln

e . i e <ui?Ag1ilfi 8.2 ln llVrllga{ flU tHCl' 11':?Ja{vl1':UlnlJ !.1 t}JllR? 1tA 1tl t xR'IU} 1

a d <l "AUruov R?1riu1?fla{Hu a5o rln 6'qrrnrrlnn6hdn Z5,ooo nu.rln/iu1il f,.lvr'i'Ifi

i!
r sdufla.r r,J?il4i1vr1.iii6u rvi1f,u + 1,ooo.o vJn uovr sfiu r ori-u sa.rfrurirrfii lvirilu

+ 880.0 lln

q{r - 
j

24fi"1 frlJrJtl?1yl'l ilu'tAU fiJ'lnd.: t ifrt Aflla.:hnil.:'lU I Ua.: A1n fn 1rJ I I?fl'Tuxu'lAa.l

vll{fiiHu rnv c = 4.03
d

a

75 ,000

3/2H'
e

H

CLH
3/2

4. 03 (250) H3/ 
2

e

74 .441

n?1xri?ufi11l{fiifiu

17 .4 n

15 ,000/ ( 2so x 1?Q )

2.50

v'/2o
,(2.50)-/(2x32.2)

e

a

H
a

li9l0



8l14

{q
fn 1llfl{ Aa{U1 t14U0fil{?]1.tu 1nU

R1 1lJfl { ?JA {?t 1.:U',to1r

H-o a
H

e
H

w 102.3 troy 1 . 33 H

Y

1OO0-0 - 17 -7

2,000 n

85x /23

102-3 fln

= 96?.3

= 1-850

17.8 - 0.1

120 - 17 .1

1 .33 x 11 .1

23.541 < 102.3

d

11 .7 ?ifl

d

R1 1rld.: tra{u 1.!l:ifi ulrnn ir
5 CnU? A.tyt1.tu1flu =

{ -u11nfl'll'].lyr E.1 AC tR k =

,.1tlVll]fll k tl63 n fl'l l!fllJnllVl 8. IE

< M.r I
1,i tNofll EttRl']ti I I ?

diln1r (i) d1x'ltnui'hu1 coordinate za{yil{fliKu fir rKflr'lu::J a.a ?/u1n

rn.r fr:vi r'rfiifiu n"lHlrn1ilir.rlrfi rI'ru'lilrU E. &

a. l il : vfl r su rsrTrflinlirluana n u': v gifi 'ru nr nr.r uiir'ii'lunoa rfi lTrn eir rr r uK r'lu

ttvrfiu riu rcrnyrra.i r;nfit{nn'ufiunv'1fifi'uun:'rmru 'lurffi a.g t, uflv rr

runnnurvnli!1sff1truljlr1lJTH.rfi,osilrsnrcu'luffllilnda.r:JrvBrleiay[rJUtxNlvdixix.rlu

r,. .
viltnngl {nU I trtfl1? lLl U Mli 31J'ltru'lvl'114u111n?!Orrul rJ 1C'Jn1l l1l0?l a.lu 1 tull'l.iL.1 tUn

t b u vov { -" "'r?ru ul vnl s! 1tjlt luunu?la{v'1.!u 1nu utau:yfll c! 1glt'lvtvll.taan nlneir.: rfiufii rYrrd

urifi ril ioeno.: r'anjr er ru nr: r o"anlUocHa.ril rrnra.: rij: cnouvro rua dr {: rr# {[ai

luavUa rduza{uginsfliafi:u n 11 lfla? a.:fiina mJ'ru l yfldMin oiuunaan'lh ;r 's"ntruc

4Tfla n1l t aLrl.ll.JafirJ rtncnll tuarLU! tgn'tu1

8.3-l nlrlusuu.radrc (Free Flow) ia rtrurnr:lun rruuac r;er'rul: Vnnl.l

1u1 ro a. r o oi r ry; sa lfiivi'oa fir rrrlr snilrrfi dfrua 1n1fl lnslrilfi iun 1 r rrtn ?r"r i1n
d . r! -I tnUH'lU1Rlllx lUtA.luf Cal1lfl{n?'l '[Un']l'lIRl.M4tUa.!hU dx n?'15fl1?J0{ilx

ul tflylE?ra.,n'ltlrun? ?,a{u 1tt1u'7t.ttJllI yn trnc ln'}tra'NoJ1xtt?tuu1un,tI1InrL,:J1l

flN',l t frlJa R1u}1u',tul3R (Xll1fln 1) llnCr)1Uy]',IL 5ygl (x[1ntM 2) n,]'[ltt.ln1:6fJrnu""--n,.'-

1



8/Is

fi.71
1l

Ha

h
9

8.8 n1raofl rwufirfi nsaur{ffrfiu'lritmtir.rd e. e:U;

x
I

f-

Et rpooo

a.G

El,

xic
2t

OC

Et aaoo

n. :=ou*ots

!2.6'

r. rhrqurutctu o. tl:;o n90s

Polnt ol lur{attc,

Y

r.55.9'Y.r2.7'

L r.gg'
lr.ra

cnnl

# r., tJtwr:$rrurinfrlunmn

T

777V77777777V77VZ27777- 7777727V77V777D7VV- W



Yi6.r.l1U t lJf) il n 1n!1'1140fl4 Rfi 11rUTJ!l Vn llnC l!0.l11ntll'l t
t !v .
fiutM1u nv tR21

E/16

t]. 23

8.24

B. 25

8.26

v +
2q

^2,9 Y,t

2q

^2zq y2

cw

ttn

tln!

y1
'zY 2

v2

rruurirdunr:vri 8.2t ttns E.25 nr'ludlnt:vri e.e3

q Y'tY2
2g

Yl * Y2

y1
q

cd

cw 2av -c v v+
1 2

q c-w
cl 6

c

1+C w
y1

, { {{
rtll'1C11 C flUAH.nU!!11{?la{?tAUt?ln ( soundary ceometry) R0fiiAUnU er,/ y,

c u 'l
-v { ,-
n.:UU cd aV?ru0$nu w/y., t-i 1t]

{ ur < ! <.|
llE)5fl1 w,zy, tunll)l'lR1 Cc lSlJnllfl'l I ? 0}11tl1llr]1l L}'lnlllJfl 1l rljnllU

rujnrodt.::rnrir'lnHrJ:cn flc,mrfi.:nrirrrfitrrUalfir:nr:irntrsliilr.!'tglnrkiurind
. ie-", .,i . hv(nydrodynamics) {{n .! ltln1[J'trn1fi ehnor-nidlutci"t"n url r firfr ?d ttacu1?116

(southwelrltflv vaisey) 1"n1ili6daurl:u (Reraxation Method) ilTd1 c-'c
<trda

lHrrirfiu o.Ooe ia yz/yt = 0.321, 61rurutiuq u (aenlarnin) 'lflrvrin r':

^ .<- e r J-. .j
irnrrc?iIftrrdtn1r'lfiorlu a drun-ufirfin e (;r.lvr' a. ro) fu ririuilrfinnr:'ltro'lrr'r

vr''r Kuilriaira'a:c01l1xmi!! er' nufirvr rdi allfi drfi ruflisa.r e rirta.:lH':
2 2 - i..- , .rr v. e ,d'y/dx' ?,a { 6l?U']tJOlUaU ttoVaY}'lll6 InlRilf,.:n?1AStjR1t fl1 tnflfllU ttflCn1:

uu.4^a
nl cn 1uIl,l nu ?]a n[1 r rlurLlJ!rJndnnu

1



8l 17

V1

-_........t.....

lv
+

trrrn
r{unftfln:zl

P/

0.7

cc

0.5

o.5
0 0.2

txt
ilfi hruocnr :'h nna ndruJ I uXu ^nn :.t8.10

Iheory (Iable 8.1)-
| _-___o_ 

".t 0Zin
Erperinent 1 _r_ i.,:l 57 iil.

2

e

A 5
B

=Qw

Lt 
-r-

o ;T+
L2

0.4 06

tl

3ttil .. t, n'rfuni :cfr rBsa{nrni.fi rdruhd :!nu'n$ l.r

11nn 11uRm.: ?la.:U1U llJUallllJ



6/18

*ur65 nrrft neir rov'l illillH'luzir.rnr r t a re i.rh.r lUi EU: s! rruu rrir aa.r

rau'h{'lun:#lriiu:l1firnr'r i''r Hafir,ontHunn':l'J'lunrt r.rEr'rair ruE

n"'t'tod ,-., orrdlf,uo'::rd1{ vE. uny ctc

w/E 0 0.1 0 -2 0.3 0.4 0.5

C 0.61 1 0.606 0.602 0.600 0.598 0.598c

dd
I1JVI 8. 1 1 ttntr{ flAn'lll4trAa.l ?lA.lU1tl tUUaIU

d
ruflY L fN A',tn n1 tuflr1l1n

a8.3 tfl'! tlnnllyiRnatU 2

rnRa 1na?rofifl!a{ tfuBau I ?t rr

rHu tlnnsrdu'[na1nm w R.rr fn1 rrnnn1.! ll a {nl'lx
4 . ..a { s C<r e a I u

! lJovl1n1l uJluutvuunll tl4ffvuJ fi1lll mJx r1J0l $1lnu

ullh1 8.10
a

,Jfi1n.,yr n'l 6 I
u

uRl1lMU17JA! gU?JaU I Ufl

6 c (-) 1/2

1/2 a.27

U1l flO x

w
) orR

vaW

2

1

-1/2
e

{ .. { ..- o U.
r lil'tym]vl1.iu'l r I ur ttn3n 1t txfi a vfla! I ?1au1'l I ?n I 5 ? QtTl't t]1 I o n ul.t 9r9r?J0 utrltlJ I 'l1J

r r U q . 
^, 

ot
r, tuux1nn?l unflDouuuuflu u ttnc t ntlc']1]^hRUN tualNfilfhr]r

6 s ( 1 lt/2trJ ' 
w3/ 2'

I q r .'.,i C
IwtUR',ldRn 2U?1t 1'0J!U flAn nl c

^t^uatNlrllnllfiau L1n lt41)1't L.t/ L2

4' .'{ y
lua.: alnn't I t rf,J?,1J ?r a n flug au I ?rn alnt x

-3/ 4aW

?. 55

I .28

8 .29

8.11

6
!t

tJRl tulnll

w

A

A

,2 )/\ 3.5? 3/ tl
1-O2

1

. rUr - Y..<<V a,e {. t r

Lunlt Rnn.r'tfl'tnlrJn a3'[t] R1u.!n.:0utEU t ?Jfl tlrl1llJRluau in0a?1fi1 cc

riurir n.:fi uaci rir r ilrf,l o. s r air.r l:fl nu tlr r iu.r rulr nao lt,fi a.:lfrfi fin r :
q UI r .r d

filjrlll8a 1aagh0.l fl1U{0{t.ln!A.l A? ltMUfr vl{Ut11113?1lU1JUZainllvlflnA,i,.l?m'ltll0n
at

rhful:6uBrra.:nrtiruH: c^ rcirirrnnndr o.sr otir.rurif,ri tiarau
.{ - { <e 6 .<

u'ni t cB t a lnv1lJtJrlurru2n.i rtu lunl ?r0.iljl!glu.Iutnn tu]lx 8.12 0nl1n1l t n

( )



{.-.d'
UIUUiCflAC?tuAun! yl , w, a lLnV r tlrun1lU1nxaYyllnll?Ifll1C}114'lfl'l C^ L t[,

?r'].!ilqEfi uluvrofl (roch) 'h"ryinr:unno.rtrun"ri.rfi,,rHrru.lra'firvei'r.r .r fir'lunrri

t ann'rr'lxa6(r cuoyn 1r'txn ruru1fiAiff'l ruo Yfl nn'm Rfl 4.,1fi rW n.: 151upvr' 8.13
a a. ^ 4
d.ll1lJ 1nU lA nlnnllvlrroa { !a.:ultMazRa '{tudtfl1 c ?maunulltJ 0 r'llufi?ll

cU
-a

LtJ?lrrt nu I nEdrJUl cirnln fi n t a { n1l
{,-txq tnU? aUnU Vy., 'lJ0ul.11o afiD'fin?a{ w,/yl

. oto .
runfl1 lljfll e m c ayrlnnfll.l lxtnu 6-7 % alnm c vfrlu?rltnuu'lucc

yRda.l

8/r9

fliu iun r0i"lil nnur{lINri'l{ ?a {n rr lun airuao iflaao.rfrnvrr.rfril nri'r}iru{rq
ne{t<-,ai.".a

m 1x'tnn t fltJ{rmul1 Llhtr ra.tv'[rl du'ta!1n r fil1c 2ln11'[}1'dvr.'rda im yulr

?au tx{

I A U.t vt llllJ

Itnnnl'lnU

# u.'r, "lri"lH'Ifi rurn r.rnJuriuaurb{aan*uu untlunlloanruufi il.!

dur:n'lfinrtflugtfi.rneirrlH'lunrtt':sr.JT,rffa.rfiufl'r"lriFo.:nrrn?1!FnHa{rlrnfin

r r r d 11 11 0'l Un r lrtr r: r}:o ri'un n { n? 'r!fil]ftr 6rr cx d'r n c

riurir c ?a.tulriiou'lx{ Lravulffiafl

tlnc e
{ .w s w d
llil [14 A0 tnil t r]U.l

2

c

c 1-0.750+0.360 B-30

ItoR"tflo{ e
4 . <r . 6 !

llJUl'l!?U I vl1?10.t 90 Alfi'l flrJnll 8.30 [? rlfivl]J fi? llltltr]I01R l!fl?.1

r5% th e\<.t

E.3.4 n1:lxaurru'lHi, fr

}Jvr
{,. .1 a

1NflIl ya X'lnn?'lnl1rJnn Conjugate !4.! y2 t.ltlJtitu 8.14 R']

E2

. i " 3. - u ..-. .', r^v,\ ec
R'l1110nylnCY'l 114 tntt tERlOnRa}lR']U14'lUU1 ti.lUUYI'l 11481t {v1?l11.rAa ml I VflaxAU tn ?U1

etu!er-i{.
ai r nn acnmlrMunluxlnta {Ii uI?1ly r nfln 1l-lrndudux 1n rLnnv1lJlMri 1.tnll

t f6aurflv1D tau

tUn15?Ifli1!11 ttM 1n1l lllJ.l ttufin 1l ! daantlUd0{fl?Una f,?U?a,iU'lvltJ

rr a r Bdir< { .t < sn'll I fif,auvl[n Jf, ?Uta.:U']?1 [Nlnll I fnauv] n1lf,n tf,U n.!.t 1ul ct't?'1.!uU1nn 2 tlflt l

lJlnn 1'ln1lfl()J t dtmn.:.l1Ul:112'1.111'll'lnn l ttAJ 2 OJUUtl]nllltRllC}ltflUUlglrltu
< .r

t l'ln.:fr!In?1 E



Bl2o

q

AYt

v3
w

Ye = Ccvs

grfi o.te nr:"[vnror:rid:cnonJrquruTfi.:

0

08

04

o

004 06 08 r.0 r.2 r.4 r.6 r.8,o4 06 08 Lo t2

to| i=o.l 6tf.os
\tturl ot f

t.4 r.6 r.8.0.4 06 08 1.0 t2 t.4 t.6 t.8

rci f ' o.s

ll
FraG oolllorr

tl
Frat oulllor

Volur ot
0.r

o3

o

0,3 ol
o5 o o

--a

Volut ol
0

0l

Volra. ot !

0.1

03

ol ot o5 03 0.r

I ,ftac o,otlloa/

l-/-1

I I

0ro3o
05to .01

:
Vo ol !

orosn d oulllor

05 0 f .la

otlv0luesIt
tJ

Volues o
rlA

(;

L
0r nrd oulllor l^+. -&ornad outllor

0.7 , lL5 0.7 =
L

# r. r, nr8rd :sirih :rnr :"[il nla.:il : rslurlTlf .1



22
y. + l-= = y*-g^
' 2svi 2sv;

slZL

u. 31

8.32

y a, . i"..' <vqcfi.rrnnrfrulrrarioilnfiufirimri 2 !n'tryr1fiun?'r rinyl.tutn v llildrnrffinqrn

01t aVl v^ u63l vx?'l.luu1nR 2 lloJ 3 aY tRl1 ,2 M
3

q

w2

2q

9Ye

2
v
2

v

2
+

2

3
+

ra c I w .{
Q!fl.t I n flll4ul1l,tf.l tlutn(onufllAlnu y '[I't?r 

V,

."i.{
dn nt lnnvr: r frniu'luvrruJ4'filir r rocr lluril y,, v, ttnr y, lrnyfia.rn'rr

niu rruy r rir sa,,r q dTurirual y d'ui1r0'h 1'lH i tnntr n"1u?.! r dufiu

'lun r : qr l ldarefl n 1r i r nr lsli ulu r Elri'lfMinl tifi a nnrr r!il:uruJa.r
.tga.r cd (a'tnnrJn'mvi' 8.26) l y,,/w r u r "nlr6nl Hon rrynoo.r tHldts[dri{an

druiunrci vr/w = 5 rtact{!rJsl?1

un0a.r l UIJTJ 0.016
< <-, o'.,1 I

u ta ruudfrdlur r 19J tu 3-5 I d2untru?a.rn1l lnarruLadlc

Rl ?1a., c
{ . c nsu

n'tnllqE4un v a'tnn ltvteraa { 1i rlflnfl1.rRuorJ1.: rr,ru'ln0R f,']ri1t n ffi.MrJ'Iu

a. <r
- yln11.l1tu lflQu RllJlnn? 1fl1 r'd "-"-"-" " "' "d

ad....luudLRll tluI IllSn1t rlJU.: r lruAAn11nfln .IliflnNnntMffinflVr 2

e 1nn 1 rvr nno.r 1ufia utfr fi fi n r r ! 1tr r iu iiu'l'nr,ru ir fi utn u l soi6v 6rrn r iiur r 6 n

. .uc r -l
a ': t!f,n{'lx ! t4u?1 I nrt'lEntan Ra 7]1.:n'Tuvrluu1 fll[Jfl?lR1 d [i\v a

nlroiu?N

c = 0.60
c

d

!51"
uauroanl lnlt llta

nmul.lx E. 3

tlJnl

Tnsdrnrt a.3r (ncdrnl'r E.32

rn"aunoan r fiunl tri rir c a 1nn1l

E.31 IAC 8.32
d.t{l

as [3 flnv]l]Rl1xen 1n t RaalJatJ"I{uaulnsfirUailnrd

rU
'lJ r vmr1rlljlru lnr{ r?o.ltun 0.67 tlnt a'tnmlu1.:u"t }11lxrnfr

<a.d.u"J<<{v
R?',lufln tlrun1r iMyl?u'tfnurLvrt fl91'l I111n1J 0_40 txnl 11").tu'] t llludtuou!fiue'l

n!51{ 5.o rxnl ffn:rnr:1llan.:firlirfiu ao.o flr. rxnr/iu,fi aufidrnr:hn
e{ ! $ .. 

" 
j 

-vl1.!n 1uU 1ttu'l?lO,JU I CnaJ noUR!f,n1l t110ltUuf,}]'l I fixa tuyifin L nH!R? 1l.lan I yl'lnu 2.5

t 1nlMu.i

n)



raa<MA.u) x Tn{.r 1uvt .rtf,H tlj LlJfcx?lltnnax 
2I v.

n) Hrnr:dn:rfrurio{qrnfiihnnafilrvgffrrilrfiu o.05 + r{r41
zq

<siat'.
fl21!nnu 1nfl1ll ! llUaU'UJ A{Ul Crm l ttfl V ttl.ivlnl Sv 1 (v. R?1&ll?l?Ulflouttvllfrnl)l,]

- "" .,i I r - rn) n1nl 1!An ',l{nluyr1ttu1 tlflmJt!u 3.0 lxnt a{?tfi11vl4r1n'll L a

14'l ':n 1u?l1tll.l')B A.:Ul Cnl J]l 1ttu 1

.a-'!En'r (?$Jx 8.15 lrnau)
<an) 01fl?lldfi y., l,Jfl1x1nfl?"lR? 1llnn y

.lu
tanSanfla}j?JLl

8122

y|lu1f@uN4l fm1 lcrnR
2

Pr R
0. 323

s

5

vs

1+8 Fr _ 1)
s

1+0.935-1)

y2 (0.40 r lnt )

20

5.0x2.5 9.8x2.5

tlag

s

v ].

AE

v

2

2.

s

2

( i)

( ii)

u r a. .3:
ovLlu ufi R.:'t 1 r nn [f,nlan R11J sliv 1{R 1ur 1uu 19 a {!l caru,r

.trr) x'rnlldQ !dur Yx?1{ r nRa!

(y 3

I

- l- s

3(2.5 - 0.443')
4x2-5x0.443

1 .96 rlJnt

n) 'lUdrnr:nfi.:.:ru:vvjr.ufirfin r unc 2

,r2 ,r2

l+o.osJzg 2q
,2 ++Y

v1

zq

(l
(



8127

I1

2

v3

w l2

rlj?l 8. 1lt n1i'ix nrur'l#A 1ffr m nJ : q: vu ru

C4

06

05

0(

0.1

o.2

0r

0 4 6 I0 't2 r6I

gr,t r.,, rirHrlrlrcfrdbr:1n1?1ilnsa.rJ14urn:{

alnn 1:YR m \, gA{U1U t fi C

Free dis!horqe

T ,2
7

,//
,

1

r /t
11nn11ylnna,r34tt 67ll - - -- 110ftun1: e.31, A-32

I



ttn

IrAV

Yl *

v

2

2q

^2,9Y 
1

3124

( iii )

2

2
4/0.4

5. 099

5.73

pgy

trfil

5.754 [:in I

10 r rJnt / ?u1?1

I Xnt

p q(v

2
Y2

a

nruunlfi r = u:.: rhui'ruri:urn rrn5r.rfin: w'rtJu!'ru rcnxu
fi o r':rur'Iff om rrl :.r t uuiur : vvdr.ruilrirn r un; e

pEv
2

F
2 x 2 2

F

x

1000 [4(10 - 0.70)

122 .9 fiInirfru/ rrn:

p q(v3
2

- e'706 ts-'n2 0.4)x

F

.:) firnrrffin conjusate tvirfiu 3.0 rln: uvudra.rlualn r': (i)
i.,. , o i. a t

n! ln y. r?r'tnlj 0- 327 tllnt t.rufl1l.ra un 11R2 'ltonvi?u l fEutr?]1fm 1 0tuurr6fi.t?1-t

-a'yl1{n1UU1Ul.i1rnnnll t aLUUtnfl2U1 (fl}fi 8.16 UlSnA!)

'lUdln rr1 ur uufovr'uilrin e rns 3 1 ftrUannrrsrl rdu tfia.t lrnur.:
{<

! durM 1utlnJ rr5\r14 r nnnlflfi2'lu ttix0?.! 00{ L0n

2
2pgy

2

9Y3

2

222q2v -v3+_;- 0

v

v v32

2
v 3

[1 + 2Fr (1
3

20

5x3 9.8 x 3

3.0 [1 + 0.121 ('l

y3 't/2
)l

v2

0 .246

(vi-)

Fr
Ĵ
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tuwdrh tdm (uniform) (drufi I = 1.04)
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n

r4lfnlxnntoou y
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tra v /b c. c805 unJ

N
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t lndunl ? x

afli 1n ll [11n

a{xlrufrnnrJ
.l

tirnrr'lunvrr.rHrufi ru,frsa{t! r.flu

= 2.6't {n

= 2.22 tln

Y" R?1XO1nrvlriufi? n1Rtvihu

] <o.ss + 2-6't\

1.61/20

llnV n = 0.025,

14 Vena Contracta

2E ',t lrnYnX#n'ruun'lfir:rdurrnur yn uov y" ifi

'n

ttt'l!?1 v

1.61 tirll

v/b
.d ,e d , .

n'tn ?fl41?1Jfl Rn1ru1 ?!a { r 2u1l I t'l?'tulJyl?l 7

0.0805

z=2 AU.IH

N 3. 43

M 3 .17

N-M+1

3 . 43/ 2.72

2.7 2

1 .26

0 .442

f ru-.,u,
o

3.43) +o.442F k, 2.12) I + R']RllYi

,{'142 lu- F (u,3.43) + 0 .442F .(v , 2 ..72 ) I + n1flil14

n1r n'11J?ur411JfinnrJU1 ?udn{"l5'lunttt.:yro 9. r

J 3. 43
1:41-:-1:T1 + 1

G/v)M-c -n
J
N

rir r'tTIR1U
l.l

llunv taun?Eit?fi

tulJvl?t 7
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I (2o +2y) y1
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2 2
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A (20 + 2 x 1 .'ll 1.'1 39. 78

alnnr lilIlfi 9-4 IrE
"tl

l{tflnan

10.06

Jst
'10.06

1.45
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r2

L 3-6 x 2.67 9.6

2
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400
39. 78
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rn lrdnm r n r : lunH nr r riafrso.: o:d

R? 116nsa.rn rr "lxafi rufi rtfiito.rrrdy3
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9.5.1

For s ter

x/v
2

rara{il rsftrfl ialar:ainilr

c ruHuru a rnnnnr:1 r n: r vdnr'rvrqufiunvI a]na 1nn'llxRna.r

rtov skrinde (1950) "lHf,anrrrn r#uf,uo': aldr.r Fr.r, az/ .,

dru Yuil rsfiurru1u1m" s. a

y3 < y2- o-'15

- rJ
t tEJlJ t .:0u t?t2 ''t

6'.rnurun'.rdr: sfi:.ifrfi rsil rH"lrIflarhi'nr rnr: lvntrlrflud rtl Hru r rqrldn: rdrurn.r

\/y 1 i.:"ll'1fi'lE'1unr:i t nrrcli

tlrlnlrnofirun (coordinares) Frj ms az7v1 nnaglr vu'lr.: rHu

.3 ,.'"ent'ui rrdn.r'irrn=ntan:adnilrrovnrr.n:n'rn'rru4u\,rlJrnnru'lfiIftJnr:a'utuafintnvt

i runaqjruia r Hun: ti {ro,, ,6rrr.{r'luvrrrfirur rf,a
4 u r |, Cw[1 lln3'lUlJ1.l nl0JiU I nR Drowned .]unp n,ittIQJlnn Dtowned,Ir..mp tttltl'lUnu.i Ril

n"rufirfiono: u r i rra.ln: cr6ffruo cul r rvlln1lfiR r t rvfirufi ruli"r tlrlnlnoai runag'Ifi

rftun:tl 
{ = r ^7i-,. . u!

ac I nfln vr txdxulomcfiu?,u ( A shortened rncomplete Jump)

fL = I dT.rrn'1il'lunr:
v2

Forster rrnv skrinde (1950) "lH'lfioiuucuilTdr
{ <le
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.,

fl aua{n'ngntSmmI nrurum tEn:anna!

. rr X -"- - { s !
tUllJvl 9.10 l$yt'l ilU 1u1lryi1utJl YUU tUln! I Yn,lll nnUA.lllUena.i U1lj

Forster u,Ryulu skrinde uon.r'Ifi rfiu'i1r 11fi'rlJ1rn in1:i r nr rclirlalarrl.:nrirrlnu

( r )'lilamrrllr xuilxrs$d1,lufl 1fin
{deea

1 ttA] 2 t l^ta l3!anM 1tll {yr}J1nt g1.i1gE]14Ir1flflvI

{
UN lLI
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'lfiamrrib ru'o.:r:m jrraao.rilrim rfuniin y

AY TRHNNA

1+2Fr
v._ t_t1_-jv-

1 + 8Fr
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+ 1l

oan a lndrJn 1r'lufiuvl'' z2' v2 In
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v
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[--:]
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2
2

+
1
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".., 
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9.5.4
.,

,ania{n11nn?smml y}1urNm tEnTanne!

v 4 . < 3 ""n1R'l'l!An?Ja{!1fl lJyl'lUU1lJ'lnn'l"lR21IAn con j Wate ?]0.,lxUnsrlt6'2

. { 4' ".- . 1{ - "' " "'na{vlln'llnRl vfluvflm0.tn{ u€x't tfitnrtallu tlrl'tJvl 9.14 fl1}ttu Fr_ fl'll4u.l '1
1

$ ! . r oto IR?1lnnflA{n'll lUflAltatfinAU lUf,?U tttdl'Ul4U.l tU 5 fl ?1.1 Lower Limit ?a.l

t -' { 
"'. 

, o o'3 { r' - !. e 1v.
fl2uvi 1 flav 9l'l [vllr{ ff) 'ltln fM a}.JQ! t llJ I ffdaugt?Itu tlJyr 1.:t11u t fiuau'l upper Limir

r.l .

sa.tf,?ur 5 Raurn Lt14u.: m't an a}]tlrtflnaunl tuvll{ti'luvrlgLl'r 0'tn1'ltan?a{u1

n1u71ufl0{m]l Crrljunnnn grna rilud?uvr l xtad2uvt 5 n1lonlsfllav'l r tcf,v6na
.JI., I
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ANIIUAA1I (Undular Jump) 0Ll
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dlv. r .Xn LUfl?uYl 2 tl0Cfl?UY' 4 lRflnRilu

d?r,tx 2

3/v,l
".1

2Ftl

v
2 l(yr/y.,|- t )

t, 
_ o=

Y1 Yl
21+(

9 .1't

drui a
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