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I flunrnlrn'1u?rufl1udfl rfl oit t fiu rufrll,
(Kennedyra Pormula )

mv c.do

o m 1rt r fiinqn?s{nrr[dri'1 (crltical velocity)

n,nBu,1uuu1utto!tul

nr n0uRullt luuulu

flr nouur luuulutraruun

fi'u:lc lllr fr#toonrr[a,it (coefflcient of velocity)

d',rfi ni", t#uul,n'rrdnlrn Bitfl r nBu

= 0.365

= o.544

= 0.586

= 0.645

= 0.770

nrnoua3 tduRuar lu1r1n

nJnguns rduRlrds tul

undnrrnnrlr;nru'hlunrrsonu!:tnsB,r;.t;h"lun,lRna1.,rnBitilr:ruo"lvruuuu'lf

c = 0.350 lunrn ruds'li o.s+z

d = rnrua"nrodtns.rfi"lunno.r

m e raonhd'.rdli;1 0.64 ufn 0.66
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uar'l un1, Fhil?r,nr"urr#o.,ro,r'l ri c 1 rflu0
I I

'lrrdu, fionrrrt irnrrua,iid
o

nhurorlrnln rt0.!flfl ln0rut0ulJl.lu.l

ufl u r ;ucu6'{ilr r nqir t fi onr'',uulur n'lunr rnhuro,,,url ri't iua'luvn us:i6

rin tnrT cnrt tilduuuilnrnrrudrno..,,i""lrouoo,fiu.r rdnriou vzvo * t fi'uvro

i.rnrro'.rri'r1ur}rrirfiuua'.:,i'.',urrriluro:Lr:lurlr (Rotation flow) gorro.r,or,rf,

, r lrl ril rir uu ili,ir ldrrum r nonrl u nr r niur*ooruuunuol, flrr r l ruuu"l ri fi onr r
I

finrm: uoiuoulrinr*rnur"l#,nrrrarrrroqnaan"l,inruu6"r friu'u 4nrrno te,u tu#

i.rrf,n'ltlr-finu:.tiuru un\riinrrnhuunilnrrr5rdrdnr0{nrrtm;h'luouooa'o,iitr ri,
. | 

^,r'-{RUUflOsnUn t?R.:U .-
nuRnB!Rll

,1UrU
I

c.15

0.30

o .35

o.75

o.75

0.90

1.25

al

1.80

2.OO

2,4O

nrutfrntsud T 2 1Vl

ddJ
RUUUVIt',lu8! t BUtl Ur 0n! n8Uvr

d€ .l
RUllLturtullflu tuulJ: 15 /.
atc.d
nuuuurlulJnu[uru1 40 %

J
1/l r lua1u

llr luuulu

fiuilunrrn

0.55 - 0.50

0.45 - 0.60

RUrluir rlrfil

ll

. I J-- t .J do dnurlgrtljfl?0u'l{n lnututiu2 60 %

fiu m urjufi u r udu., duu,.i,
a | 

-^ .J
nr?RURuuununu tuuu,)

RU tUUul0u1.rrruu

1.50 - 2.OO

RURIUOUl{A0U

uusll

uunou Iuot 2.4o - 4.5o

uuunit 4.OO
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3.1.5 f,lu l uonl 1!nmD.ru''t ( Fr ee boardi o'.,, duffi * r rvr r rlu'l u nr r rio.r fi'rtiiiu

nno{r1n rvrrrrrsflerrusrlrirr
I

rtun nurinlurrurm'orih,6r"ooo r,r

foriiasnlil (outret) rflurn
. j _t

tfltur4rnl{ 1 n{u
a O ''ha0{nr1n I tifi [1611u t

r. | .r Ir
hoBit?u1R Iu-!J lnfllu I

nmruxfi'2gB{fiuna0{ (settlenent) 10% - 20 %

4C -9- v I ta
,0xn1r ruu1 l$ 1flflBrl (rnlet) ll'lu8'lu 'l uu{ltall\:

.l flo' d.r'lunrrnhuuna'.u,du*l.udnr0{u"'1fi

onB.: h1 lrdnl J,iurn.",{
U

J
U

1r

morrrlu6n"lriu"oumr 3,

,f sl riuturn r t i j r u'rr o.r nT udrrr o..r rir'l unns.: u#r unirnr'l uuw ur n njr fiu

3.2 hn8.lfllfl ( Llned canal)

na0.lniadBna0ofir'do.ufui"utira srfiu'driunas.rnuru',ordod.,rtufl.lviur; iu

i'rgran'lunaas (Furl suppry reverl tiruianoir.r 1 trfi uoundn#ru (rr.r,
Concrete ) ngUnlntA?Itudfl ( R.irrro""ed concrete) iUi tlllln (SolI cenent )

uuud r rnrriua uua'orr r f r ( Prefabrlcated asbestos-cenent ) Rlnn?u05

11nin9) U1{xtnBULldUfiU (Asphaltcrete) tlUuiln1dfinu1.t (Plagtic menrbrane)

alRulnlrtn0u (Sprayed-in-place asphalt) rrnsiuruftni'nuJu (compactea

cray brankett 6dan'lunrt'1r".lnunooilldnd..u.f,u.ru,jo00n1tirflu 3 il1fl 6'..rf,

n. iannrnaaoliruft (nara surrace tlninss) r:luiandn.ruusionrr

nr tvru fl r ! u$ nl n\ nul ri r duu ruuf uor nr'., f .ld r ur r n nr nna o.rl fi r,ur.tao u'l #du ar ;u o

fi[durrurnr guocuhl n lxu nBunrnalu RBunTn rnrtl ! udn ucari ruunuauuasd.r r ir

( Brick

I{1fil 1l

,t
n1nnlu05 $aru1 {xrn0uL6iluu rflunu

!. iaqnrnnnortrJuuuurrlo (Burled-membrane tinings) !flut

rdoc'aldowrunrr nr:uunufogndnl fl rirfiu,J ,doo.ouuuooirria.rfiof,oitrr#oool

u io$fi'u n"r uiu u f afi u r iu.: r daJo.r fiuf,u inr-a nn r n na o l 6 ny'"uri.r r t'u nr r a r n u r r tt: n au

ru#:'lifiur6ngfi'udrntu,i\ ufou,irfuiu-a ( Bltumlnu. ) rflu#u
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fr. 1dnfi'lnna0ilt
lt

un itunm lrR.lvrufi 11 ru 0u

f .r r du,,rrr'l ir rtr r.'.,d, rdrrr',.,, r:r1 n un rfi'uufi'nt or RJ!

fr.rnJtt c uilr trl r fluur r rl:ldr- ( paraboric curve )
ll

rf,uiuuara'ruuarnufiu (Earth llnins) r:lum#fl rfo
o ll I i' u t, r I 'l

01unli[n{lurrouarlilu Bnntn{uunhrtn rsu nlnnlu
llD

rrasriiululufuAuiu ( seronite soir mixtu".st tflutiu

uui6,.tr'', rqr','l un ruuil naa.:

, i, ,duuoi.'. ,, .", o',0

{
vt

nuluum0nuuu fiu!tlusl

nl
,v

nunlrRlRnaoit tltlull

3.2,1 lgq ilr;a.rflrn"'r..oouoo

n. mn.rf.fr,r",nfldB.t ( seepase) nlrgqtdu;'1?1nnuo.rio,i'.,flrlttli

z nrlda n.rrr,ruuurirfr'lun'T unrrrr,r*"r1,.ifir..,drrl&rfi'nn.r"[i utsn?1nn1t

vr'r#udnrri'r'hir6ndanrvir',irrv,'rli a'rr'lri.unrrfrf,u"ur:qi'nosn'l#u,ntrllnutdntrn
I

1;

n . irurpJnruo.tfloB{ ( constant & permanent section) nrlrJnfilrJ

n, o, uouuooJo,i",dfidaorfio,rofo.onurur'r., *"do#.rrrd.,uu\rn* d.,tr.,li.i.uI!u

5

d

a*
1l{ftu

,uuot, ri.,i,, ilu r.rfl 0 { ndB.ri.rr r n ran T laJnt ft oul ri r du ooa ui6vn qadrrln r'!ltt

- 4 o r .d Ja. y
h. tflBlfllfifln{ ( Permanent side etope) t UVl0\tOU!'llJtlUfl n'I nUU 8191

nd.,rroonno.rfiufrnnnu"'rufi'n rrr: rfiuiu{6n ,,t'luifiu r durlruoolrk nr*J,iuruo.rr,.1,i

nna{dutiutfrurn d.r'lurhrriufiuuj.,ri',l,flurourflu!1, (Rot.tion rroh') ,ioj.r,i",
I

*lrD
nfmhloto.tglxuh ( Dgn666 f,1.r 1 r, 6'uih"l u.ao.r r g r ilduuudn{ aJ r a ua r,.,'l #o6'o

jl
Rnoit I aoua{d,
J. a
vrx, tltulu rl

,iuano., rfludodor',ro'ludao w rfionruorihru ( rurbulent rIow)
I

J' f {a d - o )
ttns I nRnl, nR tn1!"r1flUffn0{ l'.IUIUBn ? {?1 I ilUnBnnl RnA0.l

.r. nrrnnrrilJr.lvrrir?oirnaoil (sectionins)'lunrfidao.uo.tsiruri.rrrTfiu
:l-l

d.Jr^JDl,rJ; "ltoX.taatz,tlUrBU t 110fil llruuuRlllvlflUPtAB{Um1n1t ,1Tf,i?, l! t nRnUiinlx ttnnlt rt IURUUUU t}101?

rr rfinlulriglJ.od#o.,n.rliu,.i'rourir?o frriamrnuoruo'ofuirruuoolutigtl ,'doqu
. a - I t-

dulmil1{rafi1dn, uar tfionn$u 1R!oithas.t0u rfra{?1nrrhuunh11u r irnrsudu{lunns.r
"lriaodi, f.r ufu nrrnndrrs rfinfiu'lrjirut
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I . nnrirl?u"t,n'tra'o'i'tuu"''t' oitn" ( operatlon and maintenance

costs) tdsnrurrnnhuuo"tt't it'uonfioa'i""l"noooto"ltfuof'l#f"io'un"" ttu.r

ir..r;.;+mr". un: rdo*lvrr.rrsoouo.r"trirduu'lutflltiosrrrl.rinuruforouurn
v

fi8oituu .1

o. rflunrri.rra?uqnarunrru'luilr;lYrfl (rndustrlal extensLonl rTrlriu

frrruanpriruuo'r.orroou u,juilarafin nnenlufigfiriadu1flrirs'l"lu,lrtrv'n il'lu'u

,.,.,riiri*ofi-rndmur'hlunrrnrnnasrfiu, rflun.r,ir tairn.r'liufinfi#rfinfir'lu

r.lr, tur'[n'vrr.rudt
I

1.2.2 dndlUn Bilfinoifnlh (Dimensions of lined canal)

n,,, o. o *uu,', 
j orihl u lrul arlr ;vr ru"l uilr ; I vr rt"[ u uu"u 1

! olo a '
n I RUTnAB{ t Snur t }Jllgl

( sor.L cement, o',oouuoo'orihssfl nr{nltlailr:u'tu tmrui tdoilr;lrru fl z>oS

uo!r.rquui.1u rrurr6'o#o.,iu ruar rnrwiud,urfi,onr'..oosnarui.riu rfintr.t ',-iolr

1n:rnuu.r'l#,,ri, pvc. nl6afl0qn".uidnrrsi'x r 61r.ir:ludiupunrliualrir:1u'd',ro'lr

'luvrlanfilra,la.dr.ouooo.oriruoounintfututt',ra#ao rorrdao *tdr.6rAufr*'.

n",r,lurr""'.,io. "'ur'',u.q'1r#.rd,druu", ti.ttiunoolnrnta{.lrutailr cutudlflrrinns.rnrn

,irunnunfon".rdr'lrddforrnu'r.,r'rtor'rrf,oi.rroo.uuoo",ori.unounfnr,i.rfu

I " J{ . -.r ln. alnnd{ (slde stope) lnuil1 [ il? ![nunn lunltnhuunalnna{fl1ranB0J!

hu ( hli0itlJllur.tn2r0nnu )I , r,, fi ,r fi', dl #l u ou 0,,: fi uriu r o.r fi'rrfrf .r'l u1 i6', r ard
J,0it?B{haBnnu

\l
\Z_

arInn'I1 u11$1

rlru, c6vtfi30{n1lrn r? rt
I

(coefficlent of roughness I fruil ,, f
flrrul1{ 0.o12 - o.o1 4 d2unaB'luuffioau ( subtaterar ) ufonno.,r'dr,i..rl nn

?

urBJ I

- 
^9onlrn[nrflu101? ttoit o.o1 B

^ -I,unn{u

unr',, ir.-a q,du r u"uri.r"l #r' un #r r ao n'[ rJdnun ac
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qufl? E.rldfi

ua r, ri. ud r uusr'rl u r'o n* ti o.ol 4

0.016 - 0.01?

0 .014

0.o15

0.015 - 0.015

Pt1 trntr

aJ
n0untRvl

aJ
R0un?f'l'/l

I -dnlnnlufn t BRon

ul.lrrnBU0drfiu r6n

tt utuvluufl
l,

RUr t llufl

lrlam 0Buua3! 1ilt

- nno{din?1!l <roo trfitsliurfi

- nas{dim1u1 > 1oo r1,ht3liurfi

uomrnutriJrro.r,,n,r'f,1#lunrrtu,Jr:vrru aiai5 r
flrirfiil ( Hydrau 1 ic rad ius ) 6'.,rrJr,urrl r"ri uuvrd,r#rBUnf{1rlft,

I

o.o25

0.020 - o.o225

d.,oooo, funirrlnr urd'ufrfuf

fi?'rlJd {ua.{Runa0ir

o'365

o.396

o.427

o.457

o.512

o.555

o.595

o.725

0.865

o.951

1 .02.1

(x.)

a ! J a eeh. 6l1U t [i0FnlIttntraJPnlld{u8.:nufta0{ ( Ereeboard and helght of

top bank) flor;ucnruuurdorroj..,rrrorri'.qo4o"lr.uoofilrauuuao.td'ru'dgno.n
a rr dv - .rJ. -Att6to{uaitrilnao{n1Ia1flu rt63tJf,i1 tol n1uun tlf] 1tJfi? 1!?flB nRn0{nitu

liurndi rll/iurfit ll.'
f,1U I UBR11llfln (u.)

o.233

o.567

o. B5o

1.133

1.7o0

2.267

2.833

5.667

11 .333

17.OOO

22.667

o.152

o.1r2

o.152

0.158

o.t7t

o.189

0.207

0.268

o.354

o.412

o.445
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rtiurofi (r:/rufli) lJ.
d?ll I uofi?l}lan (x-) n11lld\ruailPtuRaBil (x. )

28.333

56.657

113.333

170.OOO

283.333

566.667

o.482

o.572

o.695

o .758

o.83?

o.945

1 ;O75

1 .25O

1 .432

1 .548

1.686

1 .8go

a

I e a Ir I it , { 
" ''.11un0{ntrtailtrulu dilri 1 fi [$ir1n1{lil?lnritAnuou rrduuul

ru{
1Vl1u:Jl1UR{n,

ll9
,!. R11Ifn 1.ln 1Ufi40 n$8t Pl11]ln?1{UA.: RUfiAO il ( BerE wldth and top

banl .wldth 
)

druiu { rurs{ n, ffi ail, !vrlu rlr v r vral vru"[ Jfiul"l rinas{nrnfu luRaa it uri
t. < 'd anttY- 6 e
n1?11lJU?:nB{InlUhAA{n t U tiUAnt nU?1 tUnlrmUURnll}ln?1.:nlUflB0il tl0s R? 1ll

t -- t c -J t .! t\ I o
nz 1ituaitRUfi n0.: t nu t nuz fluu nall t I t u L i0{n0{ha0{Ru

a'r u.t rut e{ nr us ailr ;u rud u i5 r u'u'[ rin'ruunr6'r r atl it,fu nr r rd'rfirr'
? t 

' e 'r .J rD Jilfr21Ifn 1nnuRfo.t nnnf 11M$uu0ux 1mt$U

?. n?1!.UU1?0itfi0Unfndnra (Thickness of concrete lining)
Ja a-" -$tr uun11lrf, Imlt mlRl1I?n0{RB0.lR{ut

rliuronii rulliurffl

1;
n2t

en 1rJl,ru1? 0 it R8unrfl a2u (ttt.1

o

2.5

5.o

15.0

40.o
I

lJ1nm1

2.5

5.0

15.0

40.0

100.o

100.0

5

6

7

I
9

10
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fiuna0{

- 51 -

(!:hu1vl)rlilmair {fr fl , ll (ttl.1n1lXUU1?

o - 14

14 - 55
,

9

1nn11 55

!. ,rrr'rt ia'l#fi, (Drain outlet)

11 .5

RA0nRlnufHunlsfl0.t
I

uuhIJ"!U1t

,'lrr.liuonul ( underdrain) uu, #aruanod., ( side drain ) tndoaourlfuz o.:tih
n9o t 9 orrrilnfiu (uptirt pressure) d.rrlnfirsfiurlrhrrfuuuulr;urtruhtilR (weep trole)

irur"r.r'lrirrrflurrlrnrB{ (Revesed rilter) uo\unrfidlriuu\rr'm:fincnou'tua

:Lulr ri'uri'r rir u 
tr 

r rr "' r,i"rdrir uaa.l o r r r r'i s"r fl rurr r r rrlu,ihfl n ( pr ap va l ve
24' e 

" Jldoil"o 
o fru", nsu'l il 0n6'u ir r r r rrdfi o,fo#u o,iu=usior o lfi,drain outlet) n lR Vl':U r ,,

nl1!6m0irnaB.r ua:rliurnai'rdrrr",uuonr.

e ' l ^ - e 4
n . u6n t nuil ty{I tnIdluflJna0.:R1f1n0untfr

?1frunfl lrilr rqu r'dan'rr,tunflna'':u?0{ft a0{n'rnRounfm vrJntuga:h guru

drgruflluu rdorntsinru ztrr't#alrluaoonurfi'rf,
I

- fiaairnlnrlnxfinuarlrnrurntifi.rrunaa,r urirrvrharn 1 :2 ?imouuutl

anr a.ra'rudnrndtl ilu ru6.r fiunas.tt

- drufil nao I dlnau ( partial ry ri 11ed ""n.r I'Linufi uo".l ts h=uu6'.t

nil
$Stluilrhaln 2 % Iuua{ftufiaoit cv

t Suitn'lnB8 nua nfl 1nflB it

| . o--e . J
d2UnA0.:?InU ( Thorough Iy cut ) [ Ufl nRU t RUri,sfiUUA.: nUnAB.t

. _J-- - J .rI- |
ulalR 2 % '/rua{RURa0,,:0 Bnuonfllnats{ rr astirnuuBnn Biluaitnufia0{ [uvthrBittrulu

,ih,J, ( rr,."..ept1on ditch) u#r6.:vrharn r :z dul:Jurrvi'ufiurfiu 'lunrdaJu6'.l

: L t .. o A a J-nufiao{mnilrnuRu r nx r nu 5.00 x. frnnrtunoo.:un 1 Rllrrlil 5.oo l. vth61n

',ratttl2 Z v{rou5o.lr3'llluuhduun "l 11{I I f, r{\e '- I- fillltrlitt 0itun{hunao{?1nnBUIut0.,ld2ufrRrn Iutl t nnmnt[ .-t
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liur#r
1

5

30

60

100

l r rr',rr rrluri.1 rifi,"I fl ir r rr.tui'.,, fl oIt !l

fnlrd{ (!r.)

-r- 3o

40

58

65

72

(open plpe weep hole)

rll/iurdl

vr I j
il {n1ufrunE0.l ll8 3 a't Rfl nit

a
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DUfUUllUUrn
ll

n. , BUg)oltIUoI TgllX'lildlU (steP Jolnts)
' ^ $ l\ clr

f 0ufliBYunr Ii lunr0flrd1u1lu'l

f,ru iu'l u.r rus nil t t u l uusu nhuu nl ul# r u,ir,,r r r uir o r o,riauoiuc t'? {1 J r fu r o

' 4 - 9o r 
io rrfl, {.racnrndt$i8.fi'nsiorrm, ( 1iio.t?1nm lllullnsit I udfl tdu [uuB{fl41RU11

ru6fl) unrtr,rlllldrfiJrrw;1{ng{nauninnrlrausio t tu. un;rouriotinfirnnsir.r
IJIt/lrI

r 1 f r r EUn o r fi B n 1, non, 1 {n, n vr{ t u6 n t d ? m r t r atm ar : n1.:6'nt r no o m r n n:u

t A ri I q .l-------.--,{-
4.5,3 

'BmD 
tfrOn2unlr$r'{ t nudlu t fiu (control Joints) [un1,vro1n1,n0unrn

n".:udonilru#.irtu.,doluioffi.. uo'iruro.,o..rri'.rnar,ar"T.:dulrinioril, ufaeir.ruu

rdlrln (roundatlon prr"sl dum"lri,ri.i', nior.oo{r,u5.unndfianrtrtnnqir.rfiu
| 

^ -q t I - t J - | . 4 J i I - i I

uoulfinmrutnfllIrtvtlftlr dlu'ilu1Rn1x1nfn11tfi{utatuuul'JlulllslflmuBUfnl ?t

,.'l ni. fi nu r o, n'r r du#ul nurJilt #""rr. *, d0,, 0.1." B lr r fi nnl r ufl nr"'l. r o onou nlnt o"

rjr; nrrurir dnrjrr nrrud.:u"ufif,o nrudu (cantL lever t.".' l #{u;oao6'rdtlUr
J t - .r- ' 

I -q' I - I
tfiormonunua:li=rlurt olnlrttouqll (Def lection ) fl B{fi luttflotm [r a ulnuum

firrrinnrrur.itlrudtndlfi'uuarffirn.lrirfinurrriurdduln" il.ru"ui.rrrrfirris.rnhronio

1in, *rlrli.r30{Blrrlrufoilo.rooon.rdrrroufi'rli duJtri'uur.r riua'ru t fiuvr{: r fin
la - , I !' 

'!u lufr flJotr n{ n0111 1il?lu

uanrrnilgrJi'rurrnu{rou;Bi{rJrson"l;twrroufi'rnrr'lf.nuliannrrlir + dnfa
I I rJo g!n. rBunouuunaru (autt Soints) trluraunofrt6a?1ffrurllurBno1fi1rrls'l

ituu rriotufiul n iln r.r1 nul ;fi d.rri.rf,'u uf nr s.r iu'l n r uifu r ilurur,"fl fl u r rr risnirr

ouufrauntnrd;rrudn ufanrnlragori'ilfi 1 1il d'ruorarmnilrrxlurulnrdn'l
a I t, d a q9 I 

^ l, ll y q | 
- r!

utorotmgnB{haD{fl1nfl1unountnf.:?v hrnunmrinil unl mB{ l.lulirnuuh (Rubber

. l-? ' rre
rater atop) lt{Brnru1r BnUlU rBUnoURlU

t J t . ' J.- d v
n. 10U910ltUU u it uvlu (steeper Jolnts) lllur 0UclBviUanU0E lnmf[ilUJUIrn

t{'f ' - 'xt < J ? - - | - ^[R In 1lfltrtvrur0,irrnr.lrBUn0iurldn tl{Brl0.inunl rtl,ufifl1n0{toufl00u t nn?lnnlrvlrRfn

lrirtirfiu frrTn0ul'l#ffi:ru*iud5.ur.*0.rn1n1r'f1 1 lil drufirourn:Jrrr.rfififli

ruf

!

? D{fi BUnrnn t {, atm Buu 1u 1 n n1 1illiu'rs.lhBundruriurirouo#r.:ilulrtolrlr$ui.t
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mlruu'rrftursurdaro.riud..rilurrnsi'uli fiurfifrl:rnotfinffuore,rrtnrlrrnrut r lrj
un; r fluo rrrr rr r',01 uqdd, *r ",, r n fi'l'l #i u.r ua*r u lii t,Loi u

-r. ruuriourrurruu r 6u',rrir ( ael t J oints ) rrlur ounadriilnr*c r finr u:l rou
r l lrrf, , J

Rouuu0ur0rolitd?u ulnufl[n!$xflriurulra{rlluvrle.,rirLdu lriarrrrra,,Jiltflur.',1,i-,r

tg.:iurlruro..:Btn1:Dnn1{n[.:LR[frrfr2l].lxu110.l,.lr.l vn ti,ltnRn?1I]lllfirllt?nlll.lltflxilU;il

,ird.rfu o"or'r triu,uutaoro#urlfirulifi', nrnrtt niil:',trutlneu 1n ,rur'liutr, ,ou,iarntl

rrluuuI

JrJi'nrw un: if nr r t a il r',i6 n'l u r oun arfi nn r I 1 r[ rire n.rLI u r r]un'r
It

ohui:r'lu.rruta:Jrrr"'r,frro,rJofonarrluis +.s.z uat 4.5.3 u'r rrc-io.t

,i"'lit d'r[aro.rRsuninnlrnusier?u!t,erfnfirunrirriun'u (t..1 ,'dol,i,fion.r,jo,

ri'rl trnr nn'. u ,o*.nfouoon't 1lJu11?D.t tDUnotr#a-ril.rinq,fi'u,iid.:o.rw rrlurrqi',.,,ii

(Rubber l,ater Btop) ufolawturit (Metal sear) dog.rrr,,lruriuusnltn{
I

(copper seal) ttuuvral ruo'g.l (Brass seal)
4e I lld .1'{rard ilBUlit0u'illJfn 1}l t lluul uat n {'/l'J

I

rionrr rfinafillriuri.ofi uardlulrnxulr.ro'lou, {nofi'r, oo,ii1io,.i''onu,firo il"olfiu
i

I iiu

,ii i. uoor u,rrio6'o nJ.. our'l u r r r j ", or' o o 
j. or o o r o,rrior r #s'!fi nsl"{in i

I

t-inU u ( Elastlc
I

. -t d
il3RflUa{?5 HIU

I

U"l{ ( Rubber

rluer) lfi nUflA0fln11IU 1?? 0.! r gUCl B t -"tUtlU tvl3
l

farfi'un, nouurrul

qrla r r n'l u nr rvrh irur o.r r or.risi',,t nd m"l n" ia nfl o, jufl ifi. r 1 rLfii
tl!

ll

flrler) lrif,nn (co"r rlrter) rltf orruuiir,rfiria ( Bltumlnus rlber eheet)

4.6 hi6'#uattg.t6nlih (stop :.os and stop plank srooves)

Elnlriarjrsvrlu r ffo.rv,r,cfinfl.ir"'rr1'tdlo,Yu,iir,r'iarru ruri"rl Jmrfiu ruiT'rn=r,ih
I

nB{fiurB.lufa1Jfnrufinfiuuvrhto.rfr'nrih (stop prank sroove) lirfof'lrmi,runrilui"u
d r p4,1 , s ,f, -qe- t- tl

utorqrltnluuulrBirBlfillldrJD 1[{ntiinlrrlutu,irB.:ruIrsnui (stop ros) hr'0

uu.rilr,ri'r (strp prank) ,dur"ru,i.d6'o,iirtr,ruururi.rturih'luurlnrdttu tt'tuthln
a.l J' t - t 

I

uftilurosfireulrul;uruulonsuo tf,usru
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dhuixl ;6'd'i ( Step 1os ) ueu 6'ruru r r.,*ut iusu 1 ou'liun'urriuu1 Juo"lr"e.,

ilnri"r trtop plank sGcover a'ru,,uod'o,ii (stop prank) fid8lliilnfhdtfiJfi'ntru
. J ' t 1- X T -J qa ,t -tilu$u{i[u [ 0.1 dlum lrrn 1{?4.:Iu{fini'iun?'urlluulttu nild 1u'troun I ndt ni ntt1t; [ ]tHun

?urfrirJ tfinrsrlriv'jw'li rtutrit'oti'",t,irttioor,1r1,h\t'r.i"'ruurfinrrrrii{?hr}I1r'J1rlt

rnruh lru ullrnl uttt'iit I flunu

n'rrrrhuir,rfl ulmoolriiioul.,irtriaol,.ifnritrrlunrurrrrril ( sinple bean)

" 
<l I e v I I t

I nult"6r lnru ( span length ) r'01nun? 1ilrn t.:t c.lsr.i uruuh ( Gate openlng ) il i il

nr lurn"r.r?0rftrufiflanrtrniroroot rid'o,i.'uuiur',iou ,f am rlr,."rozs.ruo.,d'ori'1uein,
, I d, a a, -!llu{lta:)ufl ftr0r lrarfl 11?60un1fl B iltl, il t Runl Lralfltn{u

6M

b rd2

lll!
lrfl, tnuu

!t ll
I 1

?

c

v

t
M

I
d

v

v

In! 3V_
2b.d

Ur.t t nllnn (F1exural stress)

I ! t Uug1ti.:da ( Maxlmum moment)ur
9rl

nrumr.rre{1ui'nuh rflu au.

n11U'ilU 1i Dil illBRl.ll tllU 'Ill.
i ,.,

tt, il ! nu I Doll (shearlng stress)

1, rdo rflu nn.7rr?

rriu nn.-+u.

rflu nn./ m?

{1,it IPlu t t1l

rrlu nn.

${'in ( ua*fmum shearlng stress)

egri11 r.rBonuriut;6'n,i',,,i1#;rdoo'j.u,ii ,",,., 4.oo I:. 'lurdon:r,6nra.rihg.ran
tar!tbr.yt
n'lutuilBuh 2,25 u. elrrvrluuirtu,t

I

;l

I

I
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2

(tlr

2

1,062.5O

L/) o, t i
..o{tu114Qua13Y.l la

I

J.

a llf t tLifnri'r r fl u1 fi r n.r r u r n

,1 ..h1 ?

- .h2

u r r fi'u rihdn r v uhriul ri6'o,i'.du',.

6n + 1on ufo o.t5 + o.25 u?

1.OOO+2.O0 = 2.0oo

1,OOO+2.25 = 2.250

I txnt

+ o.25 (2,ooo + 2,250) 531 .25 nn./u.
Illtr

R11ilfn1.l5BitU1UU'1 1 4.00 il.

llruund
I {dn

wL2-r

w

D

ttf,,tt, ,: I filJ t

E

daug.:an

tJ2

511.2A(413

nn. /rl

nn. /u

2

2

1

1 ,062.50 nn.-u.

w1 5ILfiJ-A

, -J.It, rt I fiuRnr I nn .EJ.
o

b. d-
5+r-062.50+100

25 + (5)
113.33
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-'t4 -

3 + 1.062.50

[a3v=12nn./!x

*
utit thu t NRDOU 2+25f15

urilritrE.rfi r = ,ro=rn.oir'*l

1ri6'nulrarrn dx f 10, Ul;

nn. /rl3

"iunrildatTudrao.r,i"',,r,irnrnrrff,.rn ,ioroo,.irurl",r"..rrfirtnr1,iin,i",iturn

Bn r, iuur q1, n" nrrinvrh r fluuuod'ori'.rrJrrl#f..r r finriau uriri', ,,1u, dorr rr',r,ii
(Barrage) ar'ln'lrnj ufdr;grzlru,lrnnon,ri.rrih (Head resurato"l rurrr'lnJng

lrif,isnradrr'lolrid'oriirfouuo6'o,i"r rrrflurio.r'ln",,u.rru6n6'nrrii (Bulkhead sare)

u*d.rrn',iouunnrrlorj.u,rdsrnu nrdrJufrrtririor6'nrih (stop plank sroove)

unL,finrfi.rru6n r-bean 1idfi'.noliu,dur:ludiuuurruf;n6'ori",fr'snJr.ir.r",'u

druiururnrs.rs'or6'nrihunc ru6*',nd, nr,arauilunr ruuurtnrl ri6'nri",u"u1r',ni,,''n
qt-!

?ulfirlmrS'ru tln.ru
.J-'

rrrtuuutro.r Iuonuh

(u1)

a
2

| -tautRrolonuh

++
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(B)
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(c)

7/2
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1
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(A) (D)
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Ba,
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I
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E

D

a I

I -r,
4.1 uclrr!!1u Imnuntsvlu II63 U1{nuuhI1u, !U lu

{cate seat, wal1 plate and Gate aeal)

r flua'turlrv nsurBil0lnlrrnilr:vrru'lua'rudfo.rrYunrr irro.ui'r'Cu',urn ru'lurnrd

:r lu rru luihrd'nri'"' 0J d.,r a ununnd.:"lu r rua; r duq u'io, o,.i'r.,i'lf,
!l

4.1.1 u,iuirr.u (Gate sear) :r1.rfif{6riumrtrddr;n rfuur.iulnurdtririlua0l

rt'unorrudo.r nBiurR.! ufarudnarnuroa ,ur'',rirfiu tu frnrru#r.r o.2o - o.Jo

n. [.,rlidfr,noriurrour.dr*d. on0.,r1r iureu 1u? r..',,ug'ru#rnauo fn6nl nuatn r ndtn

nlarmronsnrilduuli inrooluuri'ondrrria.rr?,r:lracfinn'{rduoirra{r,,auniftf,unaio
t-J.^ar.-r-

4.7.2 urlununrrmr (war1 plate) rf,ulaurdfllnrnnrrfinn".rriurfiurfirurhfi.ruru

lnunnnilidn"rufr.rro.rnariolruurli.ruiadrn,ror.n.r,duufi'r flr,-riln nB{ulurs,rlrr

1il (*.ar.r sate) ufourur:rtunr,t (verticat sate)tdu1f,rtudio.,fiurouu1u

,culunrrrunao,ninrarnoria*ncrl"s..rfi'urihir#.rf.or"'rrrr','ri.u

-: 
I J^q { t I

4.7.3 u1.rfi'uuhulurrulu (Gate seal) r:lu[uuur{ffinhilrn'uurur;u'tun1u61{[ar

,i.ri.o d.rud'ufruuunu'ufrrurhiuuru uuru,irfi'rnrr* 'lurofr,.rrrrrueg\un'ruuri.r

,torf,ui. ,u*rndlro* rflnufoflnururcuru nrr rdundrruir.,urofi.,u,irl uuc?n riril
, ru"'l #r fi onr rtfnu, uriouda oril. ut

l

tj
t
It::
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4.9

ui.raounfnfili'r (Dlaphrasn wa11 )

q aJ. .{, - t' ' . l,t I
lu n?0ililj t:fl t rx 1ulJflfrE0r5d.: I ?'lt t, nuu1nlu uu101fi1rnnll1n [fl!,u10u1

.!l!i
JY I tl, t$ 6 a < .l f t 

' .
d {flnfins{ urualf,rlrlful mB.:fl1, tf,nu'luTru 1u?udmt 1u I it tuu t tl21?tnBitvll?u1n! rit
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4.10

rilnasn ri'r'lffiarnrrfiwluassnlr1#lnu'ir.if;r,,nsufiuounrri., r,i,rdaurofi.,ri'ru,

filurn.rgorrp.firri'u'ln"ctrnmuin n; nou.atrufo;"[riourrolutra.rtrtqm'ulurioli
,a-trrc'

UJnr0n{n6'l1Ir?rJl run21 weephcle and Fi ap val're
l,

n l t0BnruurB.: r rr',u,i",dt rinouirTg u', or"[ r r t r r; f :uu t t]ulm, 5 ur;)
' I tl

1i'ogrJ) grin r.tur',fuofdntr-finers,.t trir -"; nr:finn'lr rrr't,-,,i"rrrioon'rrioudtc r$nsunffl

a"ruaoro,nrrr ti",grd,f,oo'.r,ruro.:nnuniadcinluno.rl'.t"lufifir nmn ra!ilr1u

dr,iurrarlt" n.'l#n'.ui'-rndnmnqoduufidr::^souiolri *r1iorulu\#tuftn f'rrh
ifi r#rrio$did'ulturnrfi nrl.rr:lufi itiu'lurru:vrinrrriuai,.:

tll
m.ilflgt6os, (Transition)

r:trro'.urooo"o,rrfilioiorrju*.oi,r,frfiuo^o*r.,rnrirvrnu ufo'lirisrtJoslrr .

,i.dU*n#ud*i,,nfrirri.ffi. uflegrJrr.izo.rw,irfi'tir,irr,rf,n,fiu 'lrnrddl#*,do*ro

ri"f,t8't*,rr6lrrr"riurrriauffi J,on'odo1,u'ifr,,ii 1r'r".. tr.nEltlon) uurr'ro

riu,d*i.rti,-6oruer: *-aneltion ),,# rf,,n roa,riu*.o,ii,fi [ufin"l#t.r
-r- ' '{-' 'r !i fi" - ' :dl#aarnr;l,il-rsr'nrdoutirdu,fro*rcrn rn*t rirr'lrrofl8 tlotltuu.:atrtnm - lourrf, { na E { n 1 r t,Jr1'm E l'r DrIf

lums.rfidJ"u#Crni,fndtJt',n",iluui'olrirr,rfloufiri nulur:ilnfttrfinrisi'-fiiy<r,-u:.r.c

+.+q-i--{tlrrln^t'ruuhl"{g, (Type' oi- r::a:',s!.t"'sn) ,rri.rOoniirflu f ruuilo

4. I o.1 . t ra o'niu rd*urrt gul J.r . :tieaarl-rne,-uar7e4-tranattlon )

l iu n ", ri r*, oo,i:', i str-.earnrir:ed ttirmfti I ftliqor
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O!fi,ruio6ffrfilfTfl -1poodftrd.ro {-:l-8 p:r,perty ) r finmqgriUf fUrilriaU

(ED+Itmnca4tc6d . oar,ionrrrturi:ilr o,,ntrlunrisr:dE#,t +.rrul#dr'mt
."".---tqilrrtfurui'r*,urul* *rldr*nd*urri*orJr.ri*d*rrrld
rESl*-'snoit {Rete,rsed.=cur-res) uurdi,,uura,rro.l*dr'-csi-ate-E1op€)'?t

-"r*"r,r-*"ri*r4.ru nr rri+Lj uh rir iru a 
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4.1o.2 nlieonrumndlrlflf' ( Hyoraullc deelgn of rronsitlon) rv#c{P,ruril
v -lnTtiunEunilu

4.10.2.1 n1 r nhuunnl 1nureae {Jr.,teio t rdnu ? r nhuunfiJ
ii

lrlfiluili!'il r ftn?1n
I

Io I * )
rouiruhg.,ru ndiafir ornnrusr.r f,lvrh ffi.ruur

., I d- J
t nfliln1, nhilu?tfrltB.lfx e tril.ru-

gufnarrrorJr vio,druiu taulfi1#rft .;ir +t

-']unrdldusrnrr
,rlu.atdJ
['ix trfi ;fl B.tn1, fi0fi ugtnl{taf,l1dfl ,nudno:l-,,: ."_!-Lr l:: .' ,.j .:i: . !

frtr ufiori, 
.* - ?e |,'.,,fiuirrt.rtie,do,ri.,

q a-l .
- lllnt UlllU

a I ,J I a J .I
Bln',l, luil uf1flo.rnltnRfi1nodt1ir 01??, [r

)
,1

1

rrl
4.1O.1 .2 11lelB l$olluljuX oun, it (stralght-rrarped transltion)

I Jry, Y t ! , .a ! _.1 .tn-
rf,uuulfiinurjnitLli? 1nn ![r n t fiO Ianod r rll rufu [i]nuEIUEul.!tf,t11dslt? t I i.iiil; n

r6l
t Blt1rd1UtU Olfil rnUln [ ]q[(tr?u 1fl nnlil

4.10.1.3 ,i.ooiu,douurrnrn#rufr.raal#u 1u.or"t back or Dos les

transltron) tiluuuuduur riun BUfldnltatttui ra"u tilnrnr flu tiuo, o,r'u, du. riu',i, o

,ioldororu oro, o unnT nrirut"rrrfuvr'r r flue ovJr wroudo qroua'r':iiJruenarnn.uit ,irfi',1

I ! 
" 'l , tttr, { ..

rtruannrntolnr luh ttarnouuu t uurtu?n{ fiMulJrixl rt$tlf,"'aor'ng1d1 i rta: tflur'li;i
Irae

nod rlirit1u t uI1rff1uil,E1n1rs6:J,t111UnU1Rt6n llni 0ln1t'lu, suud{;hin'iil
|.
t

I

I

1'
47

lt
,ui?{elD I1rU 9,

Iv

I?!Ir;?

s = 25' 'ri.rirrr'iolroriordnuriiurufio,i'-,uurrii*i'.'f,1 i i: '"' ',,"- :'' ; :'" 
-

,-' .- " " -'lilr#,,lusriiirdnunro',.',i,fur',,*i',di'n;hfiu (chuck)
1- n.:1' '. 

' '.' ,;. j t i i t, 4't, . : "' j "'i "
B1?tt lt g = 30i f'turutlitsrot'rotJnlutlruBu'1
":'., .,l.' '.': ,.{r.' - j .j ...r..i .ir", .t,t v

uo_fnlfuflluruiiuu 0.lu4.!s2.r9l0lli0Ittuu otnnlu?1.td.t.111.1 r:1!fl17i.ii

"hiflnriuorni'ulri,ir'r:o'rdofo.,rfi'unrrfi'nirrrnr.rn"rurir*i ,i'r,fluur'-l'nr,ir,,r
,! I f l,1la 4 '- | u 1

lluiltul,'lluu,ltlillhf,tuB,ltbllusllBl'{lllll{.:i :.., 1..',..j;i.,
:"" i \o.z.z nlrulnlrgurdrrrilu,i',,d,irJ,l.rriardeu n.resn,rrrdo.;u'ii

nrrtuas a .rrii Eirun'i.rrio,dOi, r:tul rfi nui ru r ir.uria; r f,ao,rr
t... 'r

dci,.r ifltnr'ffi,#+id#':n n1,.t
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nhuun'l #r suuun o it{o { r
t ' I ', .t2

11 itfi0 ttBlInlu I uu 0u1

iln (openrns )
I I I y. tJ , y

r0{e1fi1r0unhn11ttnuluuoun1l 3" ilh'{ru
I

irrruruuoooo'0{rilnra{alnlrirurr.roiorrdouti.uri.ui'i

trin r'l#'.nirr;nu?rli'rrou u.,ii.rrio.,firr6'u;,i'.r,jr*iu?n,i'.trrio*'i"',tirt,i,fi,

rrirraonrrufrrnoor'0.r,ilnoooa',.r, ,ian''.nr',,fiu f ,ritoo*audraort'o.rtflot.o* | a -rl' - ,on"'rlruid#ofnunr;',iu,,iu.01n1t rvsro.:nhurnrnrnlrgqrdurrmul lnuuonnlr.?i 
!,

( sudden ent arsement ) uo, n. rr",ri. n'', r$ry r dul : f i:riifitw na',r riot,.t

| . - 'l 4t
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4.1r.3 nlrEBfiuuul
,

fit,itdt lit ( Structural design of TransLtton) 'lUnf f ;:1 u': i.r
t' A e t I f, o'

"l uxu ?vn8.rflt 1tBl1flnfil1uu11l g.lt1ilv-lB l50u l ilu 11 !
r<rrtr:l
R1U I nr{fl rlitfl 0.rn1{r10 t?oliun
A"A

uionnrufinrdr![nranfi?llJuulrB.rhouninrflurru, "]'1il riruidnrrnhurnu"ulgrui':rii,.

2 W)n

d -D
llltU- t ttuu?tlu-l. fi{ttn3 tt}ru? 0url, il ( Streamline warped and straight-

Warped TransLtlon)
.l I ty t t4t ll

nrMfr11Inl1itIeirTlunl {Y'1c IX eu
.l - r$ !
I rrJ 1m] n?; o B fltrxu []'161nilu'! r 'l

uff #r tiu nsu nlnf,u r dur fiunnan 1 au fi nr"ra r nriru #r l r fl un rudu

dirur.riuro..rfiu i'.rgrlir.rJr.:d

( Cantllever be.rm,'
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riir,rinza.rfiu rflu nn. /ll
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m1x4.t'I8',ln1nr,1un1\t t:Jll Il.
vA

ilUYlI,lfl'tnt;.lfltt t ilU 0ilf11
t

a.! Y"
rrt arJ.l? 1 ntlu1n.:?; :41nfl lunlil t
!rl
nlfi{,1

I . tJa- D D a
n1fla{ [ r t ]luflla I nnnu a'Ifl,fl 1un 1{nr] ?']n$, { P

ur.rrdmrfirirrilrfi'u nu

auiunrufu'l,ifinrihr.rfmo{arn,'r"ruri",.rn'o.l a{ur roaJurunrrlnir.rt a.rfu rflurih
t J -r"-f g . .lt s 'Jo ' t'

uflnuu {orstr<bured load) finrsilh lfliiufu lr:uilnrto'ilutuufltitfre?lne1nn1un1.l

ur nr :u"rCa sudurfia a.rd nfi urir
dJ ,, .t t t .,1 v ' r r -,l tr

nraium 1lln1 1.1? a.rriu'!?.ri10l'naIuu fn Nx1n0uil1t tiluuc t un iit

ri'rlromtriluirar?huluru6nta?uCdulrntfiuIri infiumunfrrfrrn'oornr',norn#ruiro

,"los+irl nn;nhuror'lffiiil0,.i,ufufiufin? 1xi.1u1,,rc rl?s#ruur o6'rrii"lri#u (uplrrt

precsure) l# a'rutuf;n'l,ilri,r6nrair.rr,iiairnrrrrJduutrla':qc,nqi (remperature

steel) tf,ulo',ir.r,dtn rruilr,rniruir.rn"rg'r',r.i',lrnrinluinhutrurflun'udu (.ur,.r-

rever bearnl. nriirorurn"lu"finrfluri.,lrnro (Euttres') uinrnrrirsrcr'rtrrlt (co,-,r,--J

terro8t,, l nurfiur,rfi'uro.lfiuuarriiufnfi'ru',oo'",uo"a o , uo un:sioln'riaunrn 1iJ#i{s --l
, ,.r.r, I , 4 I -

51Urua1nn1u! I'il IurTloii? !n1uu1un1rvtanil{ ]u (overtr:rnlng) ua!nlrlc3un')
I I j 

--l(sudlns) lluotr; [arnl itn't'.1 (cutoff ) ilufi1n

JD"Y
m^Ad-2 tUluolflnlu!1.ld a{gu (Broken back Transltton) nltBant(lll

' r. .l l. ' ^ J J . - 'cA
tlltlttlu!lntUnnltrilRunuilffln'lIfl9'1r141{nntt1rielr3.}ilnUflnrrvl1tDl,l135l.lvltUUmttT{{7iilflil

tTrluu dzunlrulnl t x I xunu I fmiu tuslit/rt r]urlu1 t Eurt? !gl3itfin$t itftunuttaruluu nnn
e t J. - - u4' I l zro t^ | a - J I {
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ql^ X- D ttt - o, I J A"- * ,r4
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0.90 x 0.45 )- (7ta76 x

= - 560

= 3.61 .ril?
- 11338 + 11357 -

550 x 100
T;46',',6TiT:ffi

nn.- Il.
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51i6'17

05s z rll.

le 7 od
tuefl I flt|lfl a31?

( Dead load)

t-t(2)-

(Li.ve lond )

4.11,.2 rlfl1ut

( Slrnple bean)

+.1't .2 .1
at, I

ruaun2l 2.oo u.

4.11,2.2

I

)'

4.11
ll_lrr

@ ( piers) druilr:naltla.ti1h1tilr, rnxt!-tutsuluuh ( Barrage) rit;al:,:'t:t

rJrnaaa,ra'.r,ihrfinf,s1oua$arururi.riluui (Head resuraror) :ltrnr;lruinrihnn'r.rit'rl-'!
,-_t-rlll

'ilrctnaiinouaun;lrutirfrtuh (check regurator) ecna.lfingilatfiur,iuilrrntuil'lliir
at -l 'rinn{!lutcutu (cate) fi}rlutIllD{nl1'JUlursulu (operatlhg platforn). ili.l,

dttlU !firrf:r ( servLce brldge) !dID
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cruirna:.io?u'l#n'ruumrinulr,,i'.u,i., ri.ui.,turnilfiunrf,nnrr^,i0,,,.r'rao,r',orutiluri.t
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.1 a v t J 1 v c ' -. u , t, I

lUniilfct.,,tfl ,2}lflUaliUrilAne.lU1Uun (Surcharge) r.lrUuturnUdUu:!.td{t}JuAilfl.rl
t-ll

60 !r. c'runarianurl'ltinnr',,'i.ru,i,,,i",n,iouurd,',,i'',r*iiiffri'",,trudfiorrn:rfuurur::ur,.t
* '* . a f,.r *:z.rt | - u ',ua30811 i ilIljufl$niltril tDouut nnfl uulrlnlr,11nu}1t,i8ir31il

n. nrr r ail r'ur6n"iunorin',f.:a o-:rlrc ,nrfl #6'or"' , *6nqr"l rflu r adn re i*-,rd'n'

(l,taln reinforcement ) ,rnr"i,,ieTnur.tnouprt'tli.liB *!sto,ia t'flu r ru, "1 ,doaor"ua,
1'

r u6nr*?rnlilnnro.ro..ugonuu'cfrlnon.r,iru iru r rdnurru"u'l.ifin rdu tr,rdn ra?u nlci:.r

nrr rrJdrruurlaroonnfi 1t".p"rature steel ),', rlui'n r norlilnhrunlilrurd,

4.1 2? SmLfl!!-0Uril!U-U1l! !U 1U ( cate pin bearlng supports )

tuviunouni'nro?r,todnfif;n.".rii#rur'r.rro.rnor.iar'da1iu1rd6ou,iuruu r!r'!
4\ il aJ , <r t a .l

,3ll1UU li tQf,tlt nt0lvu"ru rrll lu t iluu 1u t n{ (Radlal qate) lv!1llu lJ1l.lrru1ull-'!.:u

'lirilul nr oun n1r nh'runaulnrrniirhu)ilr u6n rn?rlutrr;s.r"lii;rli o'r'ou, ofruo ro,iiii
r r e v ,la I

nr;rhnil:'tut;uruua;uhuairnolxrurr:irutoirpou fr.ril[u'tx1{nhurmtunrflu z ii iiti

4.1e.1 n",ruun,rroririuunu'auu rflirnrrnhuunrurnua;rdirirudriiuutu'oiuiul,,,,,I
cr l, - f

ltuuu lur!ti luljltllfi0ufi lrniulctnnu
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I I I I ! I I 4t - - .- a u t
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- d lU I r;0n1 1.116 itt0iru lu rrx,lu ( Freeboard of gate
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- dllll,tlBfl11xq{?EilTl{A0ttolJ (Freeboard of transltl'.1)
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4.1 2.1 .2 dRdlUn0.:X'lUrsi.l 1U (Gate dimensions) flllJJfn 1{XE.!:J')1.
l-t at, lt etll

,tU1U?31-I1ffJgA{il1UU'1t:U11il?l3i.,lt} (Gate cpenlng) tlflE0fin1$dB.l -.4':..1

( ctearance ), vii;1 $ 0!u 1u t cx 1ufi'il arfl n J0 ( ul { i1il 00n[1iluu 1ut JU 1u? c t IJu i,nr ;iLl )

111rtr.t{.,tBnulurvuru (Hs) rrrvirn:l o * ro d.:errfiufirr,mflinil,runigfle,.ru: #ou'
'lly.i

u gitl.llu,51J'IUn itff it "rtI1il01'lu
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HHg p

:4. R R+C

dndn!l

1.00
1.30
1.60

1.90
2.20

2.50
2.AO

3 .1t
3 .40

3.70
4.OO

4.30
4 .60

4.90

5.20

5.50

5.80
6. 10

5 .40

5. 70

1. 30

1.60
1.90

2 -20
2 .50

2.80
3 .10

3 .40
3.70
4 .00
4 .30

4.60

4"90

5. 20

5 .50
5.80

6.10

6.40
6 .70

7.00

7.25

1.63

2.C0

2.38
2.75

3.13
3.50

3.BB

4.25
4.63

5r00
5.38

5 "75
5.13

6.50
5.88
7 .25

7 .53

8.00

8. 38

0. so

0 .65

0. e0

0. 95

1. 10

7.25

7.40

1 .55

!.70
1.85

2"00

2.75

2 .30

2 .45

2.50
2.75

2.90
3.C5

3.2C

3.35

1. r10

7.74

2.75

2.5 3

2 .90

3"28

3. 5s

4"03

!-12
4.87
5.20
5 .59
s.98
6.37

6.7 6

7.75

7.54
7 .93

8.32
8.79

0.98

1, "20
7.43

1. 65

1.88

2.70
2.33

2"55

2.78

3 .00

3. 23

.3.45

.3 .68
3-90

4.13
4.35

- 4.5E

4.80

5.03
s.25
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d! nru1ff1 1!.1u11 Hydraullc i urop 1.1 fr.,r'r,

dnrdI
do t r ra o.rdn t

!l

dnrfl;
ttp'6",f,rti.u,fl, y,I

A

uu'y'f uuntrn,tv'd

(Bakheteff, Matzke)

d lllvtfllu1
(Snetana)

1lt
(llu )

tYt?

(Page )

tiDrfldr8r{
!

(Chertoursov)

1ilad rnoscyl

2

L1 5(d 2

T,J '10 (d

dt)s(dL)

dt)

d1) F1

LJ 5.6 d

LJ

- 0.16

1) 0.8

2

2

2

10.3d1(F1-

L) 4;5 - 7 (d dr)

LJ

d

d

F

7

2

1

hl'tXU 11?10 il i{ydraullc Jump
o tf ' .

fi11!lAfln 0.!U'lnlU I fltl !ly.irar:1le Jump
a'-eq

n11UAn?0.1U1',t0.1 t flfl Hydraulic Jump
_a

donuutilat ( Froude number )
!,
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ta.rfirortiuril (chute blocks) llatrftnstrilruuh (I

**,ir,r.ll;rrror'.'r +.1 fr{ zz nrturftnrvud'i"'n,lttr'6n a, tritfiu,5o {n7t:rri
'rli,

ua;il?urnu-hnomlxrnlil r rtElritiounir 20c ('tln)3/iu.1fi/Th 6o*u*d"t'ifi'' tro

fori'a t"nrtr*avl torrdoudg'rurn tta'stnrrautn'lu'g'l'rtuunrrtl':uht*tu"u iilu
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4.13.3
I -.rrr l
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fi.,or,a"r,ir ( chute blocks) ,Jr"' ri?,ar'r (Floor blocks or baffle piers)

ourd',,fiu,i'. (End stlr) 'lflrnr6idrrgoriu,,oiu''n,,j't +': t,,'tutitn"u'i'ih'{

,rri.,o 5o 6.,r eo,1n/iurfi uarri?urmi'rsis*.u#.,, r {rr riournr zoot',;inlf iuriil

Tin rdsl, rn tf,uuurfl;or.rr'troeodr.,l rir',*ini'o t uur;dhuir e rn.,1,"'uio"i i; 
' '

,',urr'tofori"rnuruaoarioti'a (spillwav or outlet workg) iulflt6nti r trt
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rr1r,du.iludnri.rll1ru"l*o*6'orihr",lro",n''rurrri , irrr*rnfilorrin'r.r 1fltir'.rler,r

odurilu,i'. ( standlns n.r") t',irJ'u t al ,l'runrrrir,,tuorrfi'udrni.rtiircn'1uun'lienril
- 11. r , ) <-l o ?r !
6rms.ruiv,ruuiulrrn)'lnr1li6n dz tri,rrl{ 5 z; 5.1 to ;o f.:n:ilvrnr'u'ilnaaluhiiruui

t-fr,"-l
tutfit t.t a, ndunruuh (stanalns vrave) ?icnn{trltflunuruln

, rJo o. . n o"'',, uor, 6l,iti. u a'., r. r,,r u f,r 
^1 

u, jr 11 tl 
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n dr'i., *i' r i,.rd, r .r n 11,,

u=uMrt.ltfluuulann?fuvrruuh (wave suppressors) 91,19 1ngilnruw t [uur].:n-n:i.l.l: c

ntufirirurnfiu,i'.uui$.,or\uuu.rciu,rfordu-:ari.lrvrLru r'u'.l*',oi'lu,i", ,rlrr'tJrr'1..r1

firornrrrihnrnurnrSnd.ririr*gnriuruar' 2.5 - L,i d'runr.rr..uo{uuil L riuatil,
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4.13.? 81.lARfln{Uhul dOlnf ili.iLj'i v:r ! i,L iJ liil'- 1i:luuanfll rAR$fl{il1[ fi1101fr ,, ri .

rfunflr;ujrluri.r,i,tfiru',n'lg lnwhr:Jura.rr-ir1?u (srotted and sotld bucket)

'l rii.dl uuri.uu.r,rrirfrriornrsufifrnnniluaor',da,irn'.rri',ri", rfiru!udr raurc ilr
IJ

2) , .t - J -l j ) ul
u1{fr.luh (splllway) Elnlruhfln (Drop} ll6tr1{l,vl ludnurrrfirlrrluhnlu'illuuhih

n{rd'udrirt"ru (crelt rlou Lr not subnersed) uet"ilitri'nnrrlgnriltuarlrn:nrrii
J

71 v nlu1

4.r3.8 o'',.ruor*6'o,i'rr".u01n1rurxd vrrr rfiuuuudifiuriod,i'ru,i'"n.ru,f

,ig,.i.r,i'.,i'r,nur1ru'riru,du, (penstock ard pouer+rouse) doriuon',ri'.0
I t .r a ' - lJ r. 'unrrulnnrrllnrn 01{tuuuutriln11ilu1lana{O'{ 50 u ?u{01{afiila{u1i1? .l [il rifl

1 ri r fi udiulh'tu a. or r'1, r rruio,i'. f ol ri, sndrr a, r dunludf,
t - ? D J " f, o ). h'- t - t
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rudt:Arnranm 1rlr flas{nrrurrri",'l rs*rd,i',l rnrirudu r iu.r#r
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alytluuh ,1{uh U?oiUfr tfluo1n1tUhuh ( conveyance structure) 1i'r;1

*irdoio,rlurruard..rri'rnru r dm fiflu rdarrurn nuoiou''...o,i.rdnrvrnfi:lr; rvrttdt,io.o,gt

"aol,.irulrtki 
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,1 .1 uurruu.,i.,,i'"ri'nri'rrr.o,i*r r*rflufrruordrrffirriu.us{iflir4otn.rriuiire.:
(E'lood) lluur.rrirrrrlrrfir,rn*odfsranruri'"lril,tfimtr.rortlunro.rri'r'lrrr.rrl'"

.t, Y {,,r l!rr!!1n-uu ftl$lltndrl.tdnluul In

,,1.2 uulrrrEdflilri?ti.irurr'{rsruforfi.rrfiu'ri.rr:silqutr'.r1urnr,f,ntni',fiuoti.o

ni.*..o,dmnnrs.rJruufarIor--rrrr.*ihtJutrruac"lum1ruu rrrufoturfiulri'.ruu'-i!

dfirnao.rriruinurufsuiusmr,:uruqv,Jr.1,i6'unaB.rurnuarn'rnii ufafturnrrrsrfin

fiululrfluglnao.rd.rurlriurmrn finr rfurrrura ir^rm.ri'rt;rtrl.io'.uuoroor3rti.r.

rJ J. tt e rtra I o JJtr.3 nrsmr,tfi'mnutl{rnfl nlmRhaa{r!R0{nu]!flfiao{ll tutriu{yro Tiniflu$iulr
t I J -r. t - , r .. J Afnlitrln'orriluurdm{ulut1{uh?rfloilnlTr?nfrrnonuoilrnlr10 funfrr:i,ircr0n
Itr.a

drtrrrlfrfirnr
JJt ' .l t* t a J {r 4 ' ,J a
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?rnBit tnImlllu'ylf,oitha0,itrl,itu10fuJlfuJlufiulli?rrimtrffitrt{ttTrluu'1
a rl

,.1 .j ur. nooodo,i'.d,.. l,j-f,rdgo rLi{.rurrninl d rfuu?rrnrnirfl u,j uuai.

ril*nrsulnoootiori'.fiomiso1ii1nitvul,RnnB{rri{mldri{dmu;h rdowrrn'a.rqnnarr
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5.2 dn o$rrturi'.#orx{#lfoorllnlrrriu !

dnlufhu farr.r,i'.din\ u o.rr*t r;rrurfufrfiurauuuu'hiilgrlfin I fluC r uduu

iluir 1 aun'rnrn'tui f,ugofihdflloruiinr wnmdn r,dft o t *rr hydraullc property )

rdo'l frf,unr rrtrruft',irn.rnr on'j.l i,uion.rfirunr nlt ss Dttrr,,o n r ri* i. { san t,lu

a fina"o

turlunr 10

t.)v
,l:ltfl ( Bcnch{ture) un;dnruuh ( elcvatcd .f lrnc )

t 
^ -tUtflo{unotilln.. ltitu

dotrl,ind.',

i'.ru"unrrft rrdrdus'ff rtTnnluun;rnrJomluJsropatroofilr.rotf.,r'.,fu

\J
] r,rr.l l"'lt? iro torrr'luantqinJrt rnluacrnilrcd {nn{i5.2.1 trqfr (acncn'fhlre) .1"'lo?irotorrl'luanruinjrttwluarlnrlrrrtl'- J

| . || , I -.rt - | {
narzt?tula r.r.2. 5.1-3 {rs; 5.1.r d.rrrrfiuLiiranurnriudt-r r.ori",u,

nrnr.rqluufofirufafirn rfir{, dorsoiudu,rorirf.r rriuf,uini,rl,rfoiludtru r?r.0r m,

o oruuut't$ or* 
"i#od 

i{rdrb?tuln: ihn trfrr a{ d { u r {n lut n rrdrd, s.r i, a'r u

infl fi irrrroti*1r1tafi uinilfi noi#rilulfr irolft pr"outitfintirrrnnurn;

d,"d*Ar,i.r, urdfirSr&ria#jfu*ntrprdonruluu*f, g,r,n1inrr1, rf,tn frrn+i'"tri

on\uft 
1,fu rdomnhi-fu3,5-nroan ri*r-",tr*rhr*Aurunnf.rl ifirur

ooruuurltuotr#nr,cirur,lailnrinfi ,rtr gd,ots'drr*." #*io*nin ra?u rufinil.r

r sthll rihinr uar rirrnolffrtoal,ri filriomiurn rt,rar adi{ur,6ar r f, o #.rf,i n

rtr:rr.rrilirrffifi#fiqrird;" *'.,,,0.,.u uor,duor,.,rnr'lior*t,oo'

5.2, 1,1 nlrolrulrurrn"tffirhdnrl g1* rr"ori.rtrrrwrtf. *.o,.itui'.,c".
(111gg g;a*ttronr -fitr^nt. (scncn frune) nurrrojauri',ru0n (outlct

trlRltttorr ) nrrfrrrafidt: , on'Iffi ,*ori', ( pcrcotarlro I liiorn'rrftd.t
r mrrirrrmifttLuaryrrfi'rlfir3nruiimuar,nrnrlftdqn (cood hydrauuc

propetty ) uo: nt tuJro,uLCl ua'l u n.tit fi rnruar r nrn-u r fi d.ro aduoll irir"l uu

drufr naunfnila t ri.ar q:n-u,nrliud,u,\untffi io'r i'i*1 r1inr tr r fr
r o.nir'lu n.ni'rl ri rfir r . :o -untl iu rfl rfof i ds or r nerr? aioil r#u uta's o n. r,io
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Jj,2.2 dil1uuh (Elevated rrume) 'l;roilrv'luirjrcriln'luanryrdna't1{lu#o :.r rll

ua: 5.1 .+ d.r'luanrnil'rnJtf,anruriilrio.r.'rorudrilArt." rnrrsr;fiuiudamruJr

.',o,irul,Ju'rf,rrtlriirn',rioan.r'i,, trrfud.rrs.riuanruri'ri.r r:fu rarrefonoris iio,r,'r'l,i

ansopr s$rruri'r tuiisufiuonrunu r fiudr1r.t un,,lran.rf,[ui,iil nuriru,ri.#u, u.,

drufi.rirnmrrr.lJrlnnoneuianftr"tn'la*"'r,i",6r',.: rflu rdu rfiur fi'udnd..1{lr, ilrogt
a 

" 
.c ' 

t d - a Ln, I

nD{rlituh uacrorrn{irfir;oonuuurflurdr uinnororsurfrmnudrrunouninr.rr'l ,irilrc.r
J .J . a v ut- e 

^ '[a! tii8{?1nn'rt ttlaiiJlltNo.tqilu0rits{0rnrflnluui.:nrnruuuhr otmB ( Expanston roint)
Je d t - Jdl ' l.a I I t u

fi, ituulvu trllut8fi0llot 0it rlj uan? lfitid iln[n rn1{r 1nr1irulnfi8fi r,t!1 ,'rsl Bt i1,!11.i i,:. - 1 1'!

onauri"lr"oauoo''tu rriuuurdri",'lunuooio,i"lr, ir6!oof,fl r.{reunar rur'r rnae.!ltJr',.,ri",r,i",

(rransitton) n,fl1{t;1[arv,r{sam'o.ldflru;h ntffiunrrnanuuuflriolnh;i:lr r;l;
danruri"''.'tor.*ufiriurfin'hiflorlu'?rmfirm1l,u11!D{rnrluato',rri"r'hiarnrr (perc.-
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Rl1lrd -rr 0{rtfl1uri"'rd'i"'nfid,iufn'ruu n r s,ra.r1 J r fiuIttlJ
't, ll.

n{uu .r'l? ntlr{Ru9DnaI 100 nn. /N
trr,

u r lfiuaufi n r vu rnan rudnil r ndn ruu r

2

1OO x 8.25

82' nn.
J^ - |lr8ruritvrtfln?1n$rilnu!0{u1 - 551

' a Ta j 
-RlUumll0f,nlUll?{fl0.,lrU Axlal load

dufiturnrrruf,B o.io x o.t5 r?
O.lO x O.lJ x 2, tlOO

35 r (3.45)2
6

f o,45 f

36 nfl./r.

54 fln.-lro

c

2t4

j.k.b.d ?

x
+ ? x o.40 x to x 10

w

w

g
A +

r.t86
10 x I5

fln.

I,386 nO.

I

-r
c

I

f

2

c

!iJnn./79
)

*.

9,24 + 31 .O4

n-.rutr'h"n, ufnrJrrmn, urihrurn o.'r o r o.I 5

a':uru6niuaorugido o.oo2 x 10 x 15

U i-o6rr.

40.28

79

2

0.3 (1rlr.)

nn. /ril .

fin. /ril .

2

2

2
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({) lulRftllufnlrlft'luu1 tfllslBilo

tds{lrnnrrurn"r.rnhun.rirlfio o.zo }r.
tl l, 

- 
l_

olhl1xnl1itfi1uul tdl tulnu x
{ 'lt' '4 xflUlltUtlt{nnnfi0 20 x 5
uroffimlurJnhunli.ono.lr,ii,o'rno,.iu. 23.40o rrl.

?L480
lOx o"25 f

53 .36

44

55 nli.

t6,950

47

1,650

l, l9

c

flEit I{h1uu2ld 1Ro}lEfnli!BU1itu 0u o. 15
v

(?) ur.rdnr*r#ordmodo

,i'.orTnn#fir,a.usiartir 2 x 23,480 nn.

flu

nn.llt{$l 2.75 x 6.00 x 1oo

irrti'.u,i#*rarugia;fr1#rarrirurirmarnrtalro.r r?rrfu;h!ninndr#':.-,r,r;',r;:Ic*',
.eit+tririnrfoon*lrirririioria ltrorr6'n,r*riso.r conblned bendias and con-

I

iiiesiiixil,meirruir'' ' {rn:frhucat5lunona t .trl comblhed footlng lnu6n

r6ri,taation' SEress I d{6fl tflUu,oduanrrn*,"uuton1mg{ Actr ,- code.
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:1t;

i
I
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uD I nolj (Syphon or Siphon)

,iordout,Jusrrrrtinuru (Cross structure) lfinudlflair.:tdoutii'lurla,:.,

iorihoooouo*r rrmrfl, , durrd'rri'ra.:an"lunuooioti'.a$tii-rr, fiuu'hus.ro.rrtrrtr0itf,,.:,r.r

uforro,ihrrrutr6uara'rulrnififfnfiuuai1,,r'lr,iri'1'lu.uooio,i'.uorv,r{rihsrr},qrfi t i'rJ

r rrvrrurl?rT neihdri.rru,nloru.i"'.,u,.irru *ar"iufin, nnul unurnnruru'luriol,.nfin

uonr',nf,iorlr.rr'rnd.rlrirfor'our.rdlrlunhhrrlvioufavrh6unr.ruti,iolti a'runriril,,t
- o erln T a | | a o !r a - ,lq t e I -

nhuuntuuhIuurru'rt:rrrr,iiaonfta0{d,,ru'rlr:utstrnoriiorsnrruhtuna0.:d.ru'l4.rn11rr:!

,ihus{aron'lurr.ui'nrrrmrfi ufort?urruir"lurr.:rirrrrumn'riounrTrtiurruir'luuoro 
jo

tI

ti'. uora.r.rofroftr.rufod.rlu'iluarnfiurir'luvrr,.rf,'trrutrfl1i uforr"'#or'iu"ur.i
I

lDt,l
a lfh r fl u u r.r nuu r nln-r u r lrtfu

!-<r .i d o il 'to <J l".-' ?4 r,
U0n?1nUU{lUVlBtn0xBrHURullita{6r1.:nUtUnroMfiOO{d{U1f1fl{.l1ulu2ut0;lllt'--'

a'nu t n 1 l nul riom r lduuuul nso ilunut rtnr l o{ul ri,iu, rlurfl #lr nr dr.r]r r#o..r oo nuw

srnrrilrrnouSr r ,dr#rr'rnrurrrurdnu'..lr"r'"'.,r,lu uarr;tiluan.ridnlroonux'l1lri
-lrtnlBU1{ [un1uu6.,t

I
vr

t lil

6.1 B}JUUUNNB 10Bnvr 1t ,, 1f'tu,0111{ 1f1flEflfiABit ,, .luh

a'r u,J r r nuudra'',frr o,,,rio, dour,uu #r rfi o'., o', ruiu, duuri. ur. o, i. ( rnl e r t r,- n -
tA'.,

sltlon) 01nlrCl0 tliBIRlulll it88n (outlet transitlon) Un;fi'ritO (P1pe or

condut t ) druil:nrroonurru.n,', rrio,d*i.rr.., ,i,luurriruv,r{sanu"u'[rinrirl,i'i o

tiruifolrhund.r'lr# aru6'rriufiuuaonuuuu'ttrlurianarJ (clrcurar plpe) unl , i
J :. - c d c .ut I

TUAUU?crrd (sguare plpe) r: ttlUrtnr triUrUloUAlU[$lfr[n

6.1 .1 nl r o0nuuulll itruf,ldn r' (Hydrautlc deelgn)

. 6.1 .1 . r .idnrr"luoriuriolnrrrrlurnaurnrn.rnr;srfuriaudurrci'oqy,rru,li,jr''i

ti'rdtt,.i.uriu ( Drscharse) uarrrn=lunnirorooirri'.,riuu,i,,riouurdf,,uriu tHeadloss )

a
le.

1:.: ':.
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d?ufnluul?to{

ilunaou".rasrdr

,ioutnhr. *',nrilfi'ntoo*r'rrihdriur ruoori.ul r.lm uilla'ru r deznmuuuih
!

1 nu rrlurnrmr.o'''uur.ru,inu.oruoriort 1ll

arrf,[i*.ur*fi,
lt

2
H

surface frlctlon)
al

h11lJU1ln1Utlu2fluUnAlnUO t flurunr

L
m

(7 + f ,+f ,.
v

) 2g

"lr rdo
I t, I J I ls I

-c
, rnllttfl nfl 1it? ititu2ulnBu Ml/l0uncilil1uYluH ( ueadloss )

ft
rfiu t unr

^{ - r I

= tiulr;riua=t oitR11,J;lnn, itil1nu1{ tnli/10 (boeffictent of

frlctlon at entrance)

= o.o8o druittiLlrnurl tirtrrtnrru (Belr-mouth entrance )

= o.5oj f,ruirilrnurrri"'g,.lnr+nrrrofr (cyllndrical
entrance) :

= frrlr;frvdsu.rorrrflorJirrioriru'lu (co"rrlclent or inncr

L

m

2
f

I

oJ'
h11!nn t DAUVIl{Snfl1dflt (Hydraulic mean depth)

e a J ?.1 |
onrlr t'r rDflura{u1 tuua trlutunr/iurfi

A
E

a
A

v

ill

A

P

a

6'nrr1

9 .81

ulrfi?.rED it1ofl ( cravttatlon)

rlnr/ tiurfi) 2

f,rdrrirfi'oooorn'n r:Ju ( rrnr) 2

riursrr rflumsr;o rflu rusrr

tL?r.,rnai"tdciruris rf,u ( rrfl, ) 
3/iu1fi

1

,g
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druitr r2 ,fur',l,irrrmnr!

f2 a{r + 5fr)
1 nun'rnrnJr a roi b'l rintrnfi nuav6'no*r, uoriui.,f, .-

'.d
YlBrUdfirrr-oJ 0.o0497

0.oo996

o.0ol16

o.oo4ol

0.00507

b

o. c84

o,oB4

0.100

o.230

0,820

a

riarudnrflua0u

u0n0unrfll iul,rfovialula ritnr
tt

$BllUnBa ?uu ua65no

ufalrslinrrnrun r rxnl
loldad

vtouuDouulll lrtouu l ruil

'lunrrn'ruronofllu,Uu,u ,irttiti't, rfiunirdn'rmrn"lr"rrn"artur,.murn,iai,].n':

,r, rrrl rii. H hi r fiuirdn'rounlif.rr r'h1 ri

6.1.1.2 iinrreritnTrliu nlth',tuluoanulutdonhuunsuroroor'u,ir j.u-'

rio.rrduurrl prorr.le ru.rriu,n{ur,Cumn?'ruu11 rflu;su sisrrnfuluinhuunmr:Jtf');- 1

!

,i'.dtro"lrriu d.rntnjnfinturfrroori'.dlruruirnauninuorlnk'o +.r rrmr/iurfi r i

,rrrt'lf,firolrirfiu r.: rrnr/iurf,fruiurl?uroarYrlrn 1 uatnltrrllnro',rri.nr". ,. 
-

1uitf, ut',itrur.frlrju, rningntlJ,ru\r'lunrrnrurur.r,ioar".oi.rrdnofarr'lir':r ,t

rfrcs.rri'1'lulislrirfir z.: rlnr/iu1fi rdonhuunnrrurf.ruo,irliu#rur'lilrarrt?::'r.:

ri'ldrrulruriuthrl iriumrnf,ud*i.6'oo uorio do r rrfrr rorurrn nhuun.rurn gr.t r.: . r
rhuru uors s{;ol rin rud r ulr rau

riur. rffitrllu1rf, Heaolosa ri..r 1 ilogn rriolud.-

6.1 .1 .2.1 lra1or toss tih r,oas #oulurftnrrdrfoucli,.,,,-
rnrluals.rrihriluatir.rurn li.r,tirrtind Fricu.on loss unrdanrflr'r,'.u?Mr-:.,.',?..

rr'rorr'lir'rdniurorlrirrqorlnXor*{o ofurrr..'r,oduaooroi, r gordnr3n-i ,

. , *,o'r?ludn{fh0$lnrflf it 1 ri.rii.-
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nt! (scobey, a fornula)nd
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l.r
uolu silu011

J v1.8FHf 0.419

ga
frl l lJulloflountn :Q 0.00545 c d

2.625 0.5
fH

f

Hf

3

lurds

'lr,do

H

v

d

a

cg

Prtction loss rf,ur*r/r,ooo t'n
nrrur irso{;h1u;o rrlur.ln/iurfi

Iut . t .I
ttluulflurJfrsl{t0.!vr0 rf,uur

:l?urnai'.riru'oo rrlu rrfr)3/iurfi
d-url r ;E#r a,rrl il r rui'r

o . ze z'l u nrdrd0r rr' on ru'lul li}in uri o'l ri ito r Jrdnr r

o . r r o'l u n rdd r rluJaa r r r'rd r v,'lu rtuul fdAl.[u\ ;r nn1

#s"[ariro

o . J 45 "lu n, drld rnoufl in ul'l udriua r". ouor'ln',u.ru r u6n

o. 3?o "l unrilrriunsu n?nd tv,'tutuL! 1 il6fl rar;a0r r iuur n

( oarcy-uelghbach formula)dnrnlr?uns ri?ouri!t--

2

Hf

f.1.v
2g.d

FrLctl,on loss

h11tJU11!0i!yt0

tflu*n
I

rflu#rtI
v

g

trrur fmo.rri'.'luriu flur*t
I /iu1ltt

6'nrr1

32.2
JI

tfluul

urnr{cs$an

1f,T/tiurlr'12

at,

d

t

$uuna1{ro.rxs ,irf
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I
I
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I
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f
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furir;E#to.:nrrudn

# r1if.1u

C.O2 + t'l#fi'uvro ru6n'luril

0.04 + r'lir=uv,oru6nr nl)

R.S

infirnrranr' rrlurfrt

3-
P

JJ'v it :
fluyluulfln?0{nl, t umB{u1

,
nl1'JU11 tduflEllr flurwo.rnrrl

f,ur] r c?vf? o $l?moni'.1, gn r r raf

0.!2
12d

9r.9,4
12d

v

A

P

s

rflu lqnt2

unzg.ruh rf,ur'tnt
9

rtluSln tun0nulituh

ou'rrtrfinrlrrufudr t f,
tfiuulnu ceorEe E.Russer ,,ia ,ai

"ttifinrrv,rl irfluarn.ruan.:"1{luuf.rda H)draullc.
-{n{u.-

oara.tria , 'lra_!l
glr?8.1 Darc Y:[ie lg!!ae!

tf,uulf{uu nrurfr u?r U ( dst /?u1vr)rr*
iwto (u1) 6 I 10 15 20

UltlUlUrl.t

48

60

72

B4

96

o.o145

o.ol40'

o.o1]5

o.oi30 l

o.or25 ]

o.o140

o.ol 35

o.01 Jo

o.ot t5

o.o120

0.0135

o.0130

o.ol 25

o.ol 20

0.01 20

0.0125

o.o1 20

o.ol 20

0.o1 t5

o.0110

0.ol 20

o .0, l5

o.ol I 5

o.o1 lo

o.ol 05
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01?1Bil

J.utnul

nrr'l
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nfit

lftsllrl\t

fl#,4*i'io
J ^JlllltnIflu toir
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dnr ]fldd (chezy's forrm.rla)

4v2ffi
'lu,du Hrr v, d !!fie I ruf,ouffi:vrJnhuuol{lrgnro'rr'd[a:ri?uunumlrrnl,

iru c rflua-u:lr,fi#durlti,r*"'r loriul,-d.-

n.r'rod. . 'luonr,rad

Hf 1

( chezv)
:i

I

__lll

-adnrdlR!nBt (schoder,e fcrmula)I

1#l#anrrrrai:rrl Frlctlon ro"" 'luv,iadnr#r.r 1 filf,.-t

violrla r itru
, ,,1 .75

o.ooo3 :trHf

uDRoun tflU1 1' tru

Hf

a^a
n0tuffn$1 Lr.oJ

., ,,1 .85
o.ooo38.+..:;a-

d" ")

I

lla
Srluulfluu

!,r{,
na1{xo (ui )

nrrur irriiluvio 1f 7iurfit
lltJlu t l,tgt

I
6 8 10 15 20

48

6o

72

84

96

134

r 3,5

138

141

144

1.16

138

141

144

147

138

141

144

147

147

144

14'l

't 47

150

153

147

150

150

153

157
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oln0.:fn f"l

9l
rhl

111 fiU? 1ffnn{f
'iti d*t#.,,d,
rt

tnlJnu t 0,it

H
, ,,1 .95

o.oo05 +
dt 'z)
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'rioruf;qnXn

'lurdo 1

f

nrtB.tItru

Hf

f

Hf

t.v2
' a1 '25

n11ru11110 t flu rtnt
Frlction loss fi1

*',',u, f . g o.l,ii"l urio

, frurrrrrinu'r oriu , r1u

H

H

/o.ooo6

t
v

d

urrln
I

r:lugrliurfi

tflI!l

d
lt

(Batne's formula)

',iui,ia, 'i, 1 .707
1.V0.00646? 7re

an,tiordrrr.n,ruri,ro.rrir'lr',iorrrioo,fixrl?urni'rrrnv,Jn'rrun'ltid[dn a a
!t

il0fi0un
d 14 al .{
tflflnsnnlu tu l ruj

- __2.056
o.ooo24 tfr-H

aorfriuud,rrr.r,rtrrfeso.ni'1'luriorr#oo,drliurrui'rrr#n'ruun'lui#udn o atl

"tu rdo

rflu rtnt

fluun
I

rflurint

anftord (Lea,e formula)

I

f
d

I
d,

Rz 1llu1lvrg t lJUXlgl
!

l- I

nru r frrolu{luun

Frictlon 1o6a t
tIaa

tduulfiuunna.tilo
tt

/1U111

H

I
I

i

i
i

'
i
I

t
!

I

L.

K 1J'F

t
'lrtdooir Hr, I, v ua; a udonrdnrss{lr;uurnlrcorr urii.rilurishiDr

K. o.ooo5, n - 1.8o uarrirrflurionaunfn x. o.ooo45, m = 2.oo

l'. ?

t ul
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(unwlnr s formula)

r "vm
2g -d

v lrne d

n

U
2g

m

' . ':: - -. ' -a -l --l:r.#

a.

flfl BitDU?U
!

eD

Hf

'lurdu Hr, uiflouflnrrs.rulr'uurnlr:nrr ,'rrria *, m t!fli n1 I

u"ufl rirs, r.r 1 n rricnua;tln rr", o.,rioilof.-

K

o.0226

o.0254

0.0250

o.0215

0.0243

o.o44o

n

u0tua rBnm I tuu 1 .75

1 .85

1 .87

1.95

2.00

2.OO

1 .210

1 .127

I .390

1 .168

1.168

1.160

l,-'

u0 r u6nBlUUlittlBdvind
t/r,' za .a v

x0 t uf,nu2 LuuBRR1uuuflul
t 

" 
t.,t !

vlEIUAnttaBIu]l
lt

il0 tu6nua0AldB1n

Jo t rdnudairr rrr
I

d1Un1{ 'l

6 .1 .1 .2.2 r*rlnor 1066 11]s r.oss 6o riofruJuJatdnu"ousttu

Entrance lose !flu lo ^ AJ, 'ia -t
nRnUllu 1nn E!.lllf,f,i rR.lU .-

n.tu
I

ss Yl

r
I

.1 i
i

v2
p

I

v

v2-
P

ll
2
en"h

"lr,iiu = Entrance losa tflu tUnt

= n?1xr f??olri'r'iurio rrlu runr/iu'rfi

= r,n1ilri1no.,ri'rriourr"rr.ia rrlu runr/iurfi

= nrrllriunr.:?Bflan

= 9.8i rrmr/ (iurfi) 2

.lo 3J, I ic -tLo6s U t nlrluylunluyt8 r.lIdntO{U.-

hen

p

ven

g

Exlt losc t{lU

2

hex o,25
29

vex
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Exit los6 tflu trmr
. 1.r t . .. d

nl111 tt?Bitu1 luvlonju trmr/lulvr
',l,afii ru r t?sBrfh?ruril-uilaiuuo rtru runr /iurfiex

ex

vp

9t

hb

b

E

h

,iro.orool un

rmr/(iu1fi)2
. J^ t | ." t I

Bend IoEE llllj Loss llt nn?u 0l fllu t n.: n 0u 0ilvl8tlnd, uu.:
j.r -Jn.rullnrn{u.-

o.rry'$
v2l'
2g

Pn1lfl

g.81

m1il1

9.81

lflus.tfi1
_a d

t lln, /lu1vl

1u,do h Bend loss tilu tmrf

lu rdul tuur o.ryr'o

nrru r irri'r"lurio ulu

g

vp
,l
ullol.lflD flan

tunr/ (r'urut) 2

. 6.1.1.2.3 Losses in Transitlone lflu roese" d,ffirio'I,
rnlet transltl,on uot Grtlet transltion li.tlnindaalalrtdaltot rransitlon

I
ual

I c '' r' I
lilalnnUO.t Losses fl1n el ll'rflrlro?uttm fir2ftfi'1 MaJor 1o6s, l,llnor Losses

u6i Losses in transltlor," 6r:rrluirr:fiunr.l 1 rc.rfirrittol,itrti,ruurri.*o,do,

ffionl, uur,i.r',dlriaorfiunjr neaaro". dn'ruun"lirfur ,r#oo,drru',nriu#rornj.!

t rl tin'r Los ses f r nrn r ahur rrr'l nir f, u.r ua;i r.i r iu Jl r..ot o"r dnhuun'l :"

j

6,1 .2 nrtaOnuuuYrrfl hriltlrl.t ( structural deslgn)

milB
I

Im

nlroon[iJ:l;lulnr.ror"T.rtuunnrrf,naanrf,ua'ruiE{ rransltrons rracdluzoit

usiirutn.r rransltlon rrh.iu"rmndrr'lrdf,rr,rrtirindm"tironr:rds.r'lunourn'u

fr ou"uo'rutrnd.r'luvrjfi.rrfl urmr;o'rurs.,rfi'rJotJrrfu

L.



l

-169-

rwrrrfirtiof,r,unnhurolrfl u z ulaufrid

fin rdsirrr.:nutio,jr t6un ot,"rnu'''u',udr',',in'iooonitun"r6''
Jll ot

u lfiguo ?nno.:411r0.fi'11i1 '1 fll.l
I

,i'.r,inroo,i"'r,flu nn. i ( ri. ) 
3

,#rri.rlrr'nu',o,,io ttlu t ri'rr
,t

I
5.

( Tenslon)

.2.1

nru'l

1

nhuun'l
)
Ll vr=

B

s

'lunrrahurnn'r

rudnraiurrn

rY
ru?flf,uuna1{9u{vlB ol lnUU Gl

'l!rt

n n'ao 1 fi'unudrulr;al u#rurlrlurrruru

d

h * n=r dr': z o.r fr r ii urir v,n

r flu rlnr
of,oq ,< |

= r!ritn.,:utnn rurusonvlB ttlu nn.

= n2 rruul? a.: r rt6o nvio6.:f, r nnnin"ruun"irahl,.i,iornr", g ru.
"ltl}ln 1 lduu1$iuilno1itvtU t lNfit

?rln

T

t

1

2"
v

t

ufiudrJ rn'onr udrnrnnrrrl ru6n

1

\

{

\
\

f

w.h.d

T ull 1n"orro.

T
A fs

s

qJ
lUtlJB A r'ruru rilfindsic.: ra?u lriu (m.) 2
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rlruun"l ulint ru r f rr o uiil uriot r.l r fi u

' JJ '- |

. IiU'fluU1nRilO = =L1=3.25

u

Ii: /1u 111

IJ

1.r

3.25

5.231

lliurfi
. /1U1?l

?

lr

o2
4

D

nituu ? o"liriono, nuln 0 2.60 u. rrluilorfiol

il
a 12.60l

orur iti,'"I,',io _t_1_
5.309

,
Y{11 lnlu1flnuB 2 25.309 lJ

3.2o2 u./iurfi
n

ti

i

i
!
I



s

174 -

( 11r) lli1 Losses
J
vlt^snRnu

a
11.:UllR

i'-'- "-1oo.oo -d- ---.- 1OO.OO ---->l
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( 30) + ( 1o0)

208.805 ,J

2
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u6 nHurvt tllu 01rutlufiBunlfl ix iuu na,; r^,.:
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-

.lo.tuBinlnhllrlfimoilrutuu l0.ootttt
ux.rt1irft11!6firf,u 5 51.,r.l a: 5.oo
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I

lJ.
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t(ro)
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3.r

4.t

5.r

6.7

(s)

(s)

(s)

(s)

(s)
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= 26.oo9

= 32,5oo
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= 1,OOO
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= 720
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K9.
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f
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t
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2 nlrPrhu?otBonlujx

'l .2.1

in rioaanrTn'i,itrlri rfr., o.zo u. rrr',rrlononffnilnrruum

n.r1uere.l;.1r,iufl triaorn.r'erlrirro.lih'lunaourrrfi n,

7.2.1 .1 n1rulft1 Headtoss

Headloas t

aonut.:rniuu nuu ufsvrxro"ld rinfiulrhuunnrurn'r.rrs.r#:rio'lttu'rfiu.rtr.rrni..r

,uor.o,i'-rr*rfi rfsnuolJ.ui'r ou"rnrinrd i"ltfunrr*tirlE{nr:ud;hdtuuri.*io
o I . tr .l t e a . . t 

-'-. d--.
f{d.trn 1nr 1x r i1n0{uh Iunao.: I xll 1nu n i{d1x1rn ntluurlrJ},lu1tlt Bilsl iln0llt}ll

lrl

(rransltlon) 1rirn''lorn.dnri.r1f[rrrr{ + nti ,'.,f,'dunrrulrcurintflulrtdlfo

I

nl r BgnUUUvll{Snflldn, (Hydraullc design) fl1 Headloas

ll

fi{unal?

a.

I al D I a -At I i e
fi1fl0i1 Headloss fl ttdn, n1rU1 ISU l RUl f[JYl tt lUTlBt$Bll fi8

j,tJ.ter
u-B{?1n tronatfrau Headross vr-thnurl tt ttta!ri1.!B0f}?Bit}l8 [a;

Frictlon ro"" 'iu'yra fil ueadloss ,do.rr"'nn.rli.r{0!B{;0 tirflnrrloviol un

t?tu!a{ Headlo"" rforuodrrrie.r'lnitflu.ruurlritfiuJr ne.aros" dnhuunlflurrur.r

na0il

7 .2 " 
1 .2 n1tnrl?dButl, oueuri'rta.:ris ( Buoyance force ) nrdfl tirati'a

',,nrinta.rfi'r;cCrrri'.rn',unrouuu6'r1uffB'fluvisl;fti'. 1rififirfi'uufi'.r.i'o ua, finri'rurin

r ornounin raiu ru6nir*r'ii.u .iio,i.ti'.rtirsorulrinoe.ruiu,r"lahu ritn ,dor'rofn
9 t c 9 { ' $ t J n ,n'J zn* i! I aJ. I dr]1lr0Enniu ( nrsi rruri lu',rDaEfii11 .1 [ ! [ xn0.:n r1?d au ii I n truunnrBr]r*nf r;[mf
t t,.! Aarl z aJ t e t t l,

uouvlo tu?tur /llJ'rl,.l tRLllitfi1ul lllIarua{iln t'/lluu )

7.2.1 .3 n'ndcrnl1,.,d11?s.!nrrhrnioo,i',,t,u.r#ro'lfi,urrirrrlr.rru.16'.

0ifr1t (percotation path) t,do,lr,lnriroo"flnrtrurr"trilrn il.ru"uufi\rr6'rri.a

ro.:rrfi':.,,i".'#T rrriruur#.uri.u,ianono rflllur nfinru t nrdfltiioaosnfrfluo,rnrrd'nr.!',r

#r, J. percolatlon l cfi fl r rrd'r fiorrn) uuinr rl uas c sli..d, u,lri.rri,r.uar riru'ln'

Bifi1rfiB1rflua'drcfirun ruEnfiuaen1,tl ti il.:u16,rr'r r:Ju#s{nr1?dBil;1 weiehted
e , ^4 ,l' rt J , r rr af,creep ratlo (cw) n1Iflt tfl?ttarltnltvindl? [i IUMVI j R1U .:l.it lunrdvifn1llLrtiI

;

I

as::;a_ =-rr r- ' .,,. , .t,.:
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rsnugaan'tu1r{0fi0.0#.0'lJ.ouu'.r' (.orr.r") tiurcuc 1 nrmio td

! B{n1 r'l uon on,if i'o nJr..i,

7 .2.2 nrruonu,jrlorlairo

A
8tillJm1]Ju11

FT (Structural design) Vl0fli rt u'ru,l*n'uaB{;E

aDnuu

llorn1[rit?cE

,
!,
ild

J
I Unull

(1 )

(u)

, e Ut t

flRS 0il6Biln {vr,t nttu0D ft I

a t! o -{Ia,J I mum t'/tlJ tflilfrilu

h , v - rzr f,4 0 t f, o
u Iu I nefid itntu Rnuu Iuxu?r$nn{i4B"rl t l]u
!t!!,
,, r .,J J - 'Y
u'u u1u, oJl tuaulJ?fl ,fl a0R0uu lYllul.lI

I
yBnBun

d .r . ro JJ
rgl td ilJ I ufi nuao lu",l'4

flri'firauli tarlun+tu\iuirt Jsrrdn til#,iour riouoa ruaooafi rrr#

( Asbestos-cement plpe) doneunin r aiu ru6nudoah r ir (Precast concrete
I .r '-, J vl.A t!-.-------

plpe) lt'ItruBBaun?fl!df-ut'adnuaoluvl- (cast ln-place) !lilUtUEUil r lnl':1U

- -t 4, ., , r t l., , o.v -'innfrur'ln tlludrnlniunllnBdtln ttffrtulflt0{VlE!0.1 rhurllr l.:t0il ilouvl.l110nnlJri.t 4" '{ l l' Jd ,r\rmInfifinfiuu.l.iviaru6nuiorio
.lyl Bt{ I ilauldu illt[83'/lBd t ilaux?ir rd ?.1u8nau]lrnu''l R t l

d A n '' t i ' 'r'"'od,uuJurrniailniul'Iiviafisun?nnEuntflt'd,lJIu?inufiBf'tIt? d?uuBnalnu'lRtuQurB"rll r

ra?u ruSn',adn'l uC uurlrnrfrdr; fiuts.rfirrr rrruf aur.rfi'nJtudviooontr-nr"ugmi.rf,'uiri

'i #rna o#u fi r r r rlduu'r r nind r r,,a{urrn ia t fl udd r rrduldu irl n' our.,r"[ r fiqr ru ir r :lu
t/t

nT :1#Jonaunisr ro iu ru6nudo'lu'du#r fi;Tnl rifiuloBnrxu I flu',;0nar tTlrttrl',iltrulruln

a flu
r v .9 ,r9-t

t fmB4n1r 80nrNUl.lun0? r$un08n r uunE 1 tnn{u.-
<avull'

nl f ]Jaml0itRl-luxua{'/lD?rnB{'[

Jd " r.r'- t
rntlirr ruvr a I r ua n t nrn4?o.l AssHo s tand ard ( 

$ Ifil, 3 n sti ti'.rti* u.,

!t, I

IJUBUD?1 2 MI

,t
m1!u11?AnnM.75 rulne{fil1llan

tl
fi8rn druiltruu H2o-44 ttor tt, {fln t

I
u

tl - & r19c : ,,
L{? l nUhUUnfl 0.: r0ll r rllfluu I unn?1ml1uun

I

ilu,
!,

.J J -f,rllil t uai:lxli1 rdvll.t
I

lt
n?{61u1lr0

t,

( Impact )

- n? 1ulru1? E.rfiufi'uu6'.rv,oi ri r fiu z il|fl 'l,i6nri",rrinnor a.r#ernl nu
a .i tu 

' o 
I

t ?\U t ll9lfl.!tt lJ lllltllll 45't-

- hi 1 ul/ru 1ir B.r fi ufr'u rafr.:v, ad r iu r o *ri ririn.r fi nrih urinnnr r niu ro t uu
I

4e -t&'A . rl ll
- m lIUU',lSBnnUUlJ UAitrl0vr LUtnU 3 Tn flflittytlltl'{n't[Vlfl

,,1 l" -ra-{
t u 0{? lnrnu? 1!u0itu B0nn nu
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erl 1ljuu 1? uitRuq/l i{8\t?0 [r.!n r$VlJl
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fl{ttn I - c #ulrt
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(iil ) fi n r u,,n r n r ilf,l uri et J fi rii t a u u,"ifl fi uri', ra 6'.r,i o ir u m rr, u u l n il d r fri ? i.!

(tv) lunr
aatt

lfnHnlln I 21

d+t,t a q , a 9t r l a I Vr.ta
ilrr ttvlDttol tfltu1 [ fl381??v Inu0fi 1,lBfl1tjtt01utBll1nn21uu tn

o, , , r: D I e ) f,t
uu1u1! I r,ilru 1n11irt0 {'il0 [ na r aiunnltu'lRmlxfn 1.tn0.:hao.r'Jin0tlflU

i]? 0u't,:

2f - rJ re a t '9 I 1 $ * ' lu,rt} - c /
!r0llffl''nBu?5 [uuanlr1nR1urafl1rlflrfl1u d2uIuft1ulRritdr1{uululruSnnlrlrnr13u

?l--a
1 nr.:airrurl ir r runnnsurl rdguB0nul[aru1 ru6nrdiunuufl nrmr,rvllirfllreBnu,uungu

d A , 'ut,nrn ta, u I u0fIi)e Lil

(v) n1, Benttlu

- | .r tr J
n{n6.r1 t1 [ u1lT14 4

52 {n B t s8 }fn 1{ [ ] 1tr6r11'l{ ec nn.lB1fluuann1tu8rls n1t

f.i,.--.f ^ " llJo
i.,i BL fitrllu'r1i(i0r'rnuu (U2?ri?itl1't{ 6.00 }t. ii0 nnaand ituiyirin? 1!?

I

alRfleil

1^
5.cc x:/1Ii114 nllae8.!n11,t 1 .50 l.l . ,",.dn , .rr u.

I

Silt
aDd
lJUfl6rB ilfil hfil UfiBllfllfl

A6?-c4r
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I

^ El r e
tfrflr?uLlJInu o.15,i.

A?fll[n 14n1'l'lluh!
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2

1

l nuuol"l 14 lleadloss

1ivl',l

(1) lrJ!u1nrl0
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:liurui'r',r{#niurtu 1.-1 x 6.oo

nr tr r ir rir'} uu' a a.: a rdu oul'#l s"!!

6.oo

6.6a
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n lr -LlrvrBnulfi W 1.'lj x 1.75 uasflDnrJr 0.1o r.
! J , - r lo
lru'0uu1fln148?r.l "1 (1.?5 x 1.75) - (2 x o.1O x o.1O) = 3.0425 u?

m1!rrilrn{;1'lu;o *6tr = 2,17 u./iurfi
lJ r,-
ltluuuIlflnnaB.l 1.55

a tr
Pl11U l, rlul IUnOB{

I

?1nr n21uu1?nli1B

I
t

1.50 + (1 .5o x 1.55) 5.929 }Jt
I

2

u. /iurff6.oo_-
5.929

(Transltion)

x

1 .003

3.551

4.OO

.!
Dlfil rlt t

9.00 tJ

( 11) u 1n':1lrult;i.lrio , do,

r do.rrrnrlilrurii rlrdu,r 6 .oo ul /iut-l
e v An Y d v "n{uu?il tx}Jltu'lu ITtu{ 30' 1/r{i/11.1 It1ttarul.iucfi

'a ? ' Jo-'
.R11In11ilUlU1fl ,.!X1 {11?lnfllVl B

' r Tl
R1 llJm 1 i r.l1il114 nonit

. ^ ?c ,
UzUll!i'rl 1.Ufl 1 1 il[fl nYl 1 { nU t rc.ti - z.o5t

2,95_
tan 30'

"li e"ot.r,-t.ck rype

'lui.oui.o r

rt0?11 lJu anul n

2.o5

6.15

2.O5

il

n?1XUll Transition

(lii) .tl1tl1 
Loss

I.

lJ.

iI

Friction loss
n? .v2 .t,hf R1.333
(0.014) 2 ( 2.17 ) 

2x 9. ooo
.3"0425.1"333
' 7 "766'

0.000196 x 4.7089 x 9.000

0 
" 
0260

o.17972
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Inlet transition 16ss

fJJ J a Y,''l
flUll.l t'ilAU! UU UlUu'lX0

,91
h? 1! t ituhuuluc

HT

2,O5 x 2.C5

_-6_,50
4.?i25

o.lo x l1 .572

4.?o25 U?

1 .57o ;J. /1U111

0.0221 u

i:

2 )
1 .OO

2xg 1

c.f0(2.,,1,65 - 1.0c5)
19.62

Outlet transition loss
{JJ J a'e 'mfilf, t tlfiUlt UU UlYl 1 tlrl e 2.oS x 1 .9O

nrru r ilri'rrirugo 5.50
5.at5

1

o

2

O.5O x

Entrance loss

0.10 x

10 OB
19 .62

Exlt loss

( I. o9l) 2- 
f r._oo,', 2

2 x 9.61

3.E9 5 ' !!

1. b9t

o,o40 :.1

rL . / iurr,i

Ht

H
en

H
ex

o.50(4€7o - 1.O_05)
19 '62

2

2 x 9.
2 1 o

1

-2

2

0.0114 lJ

2
I C0.2! x 2 x 9.

o .25( L.7049 - L -17 L)
19 -62

1

0.co6B lr

Headl.osa
vtf,tuln o.o25o + 0.0223 + o.o4c. + c.0114 + o.oo58

0.114 !. r o.15 !. ];i n
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nt??dAUnl weighted creep ratio( 1v)
,.I

1

ft2'rlru'11? B{vr 1o , fir,iiifi"'."', L.PP.+2-5A
3

9.375 r.
2.650 - o.95o

o .lT5
1 .lc

a 2.00 + 0.80 + 0.70

't .70

= 5 .515

1 ,235

720

5,521

5r2

L

c

lJ

t.ir#
(c fruilvrrr.luuu r'il1ru 5.OO)

J
'rl I fln0usl? '08(v) l,,t1ttr.lil'){

I

I

nn. /u?

nn.7u?

nn. /r?

nn./l?

d uufi nr tL,au rz o.: r rldon',1'a * u o o, u,i",,n rin #0, od n or r, 6'., ",i o r f u'l r.t ix r rl

II.eae
u1'fiuniuuu ua.!11B

l-,4 I
ullruntuaBn'.1Bnouuu

*r"
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2 3 "2A1.0.20 c

5.9058 c 0.36c
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--:&!9-15 x 19.5 7

o. 199

0.199 I. /2',1'lVl

0.014

v
1

P

c

o.025

0.20

0.90

1.60

2-30

3.OO

,i 9-81 x 79.57
:,\

'lriri",iroruidt'',liuf,r.uiu,ir y rn: n sit r. uiruhlr r itrr:l un'r, 1 { fi'-til

Y 1,c v7
F v2

4. 05 lJ.

0.8075 U.

0.85 lJ .

R11UAm Bil

uh Iufrae.l , d

'l u n r r rf r uun r : fiunturr''r *i'.,ri, n r uufrnwria r nh* o'l,ir li'u,ii d,, oij

,auoufa,i'rrnrrri'uri'"'luoao.:io,i'.,6*i., roijg.rnJrl:hirfmmn) 1u4nr'.roo

r.liurslihriJru Jflr. drrrni.r,na'lun,rr,.'orri.iur.o.,rnd,,f.u,i'.,i1.]yge. o.+sg,

rar o.i53 u. nrrinhriu ioti'rras.iml'li
il.ru"uf .r1irr6'udu,i,rtni,.,,ri.,fr ,r;a=,rrlrtalr:n

ftflr 0.153 I. f.r rflufl2teiI riflu0u

(Dlmenslons of various parts )

+ 12.850

f,tE + 8.800

tt
( iv1 nhuun!u'rotBitd

D

tt gihu or r ; n=u ri'r r uf, sd r u

1U?t1\: 1

12.850 - 8.800

0.20 + 0.15 b (ntn.)

o.2O x (0.15 x a.05)

Fp

h

10.2C9

3 .281

0.989

0.428

0.170

0-043

5.955

0.83

0.65

0.513

o .603

79.57

0.821

o.274

0.104

0.025

0.014

o.797

3.737

6.538

75.232

3.675

3.50

2.80

2.10

1.40

0.70

c.199

3.03 7

5.180

5.6C3

7.692

1.102

0.911

0.54?
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. r! P\uun{n oiJu t ilu

xflo)Jannlnuul 0.50

-?35-

+ 13.700 tlln .

,.1 .
I
il1.:l.iUl,4U1

U.

7.OO }].

Er81r0

,t
u,iu fl a

it? 1IJ

! 1ul

Diap

,lJ [5?l1.:A1.:lru1 1 .00 ri.

,io"l#rur 1 .oo 1.j.

urTnaJol# re .oo )r.

n.r rflu 6 . 50 r.r .

hragm wall ru1 0.25

0.30 IJ.

2 .5O Li . r,ru1 C .35 1.1 .
I

rrArLce
nl1XU11 .I1.:;rD tr Cln',lu-41uu 1

.l
Iz'lY,tlu t n 0 { n1lulj 1u, cu 1unl"t.i
{

(v)

dvllut$?1ij m'l{ 5.o0 rj. ,iul trau c .4o ri .

I

f'r t1?d 0un11I uR{ ( stability )

ui
,r !S

aBn tflTJuttas a1; fl1U? 1il81R'l I ( Percolation )

12"85 - 8"80

L

t

? , , + 1.8 + 1.5 + 1.6 + 0.9 + 1.20 + 5 + 5

H

26 "67 l!.

4.O5 !.

C
26 "67
4.0s

ntCY
[t Irr

2+5+2
6.5 5

+B- 1r eE I J a t
tl, .:fluu'l lEryiufl0xa-.,i?R I n[3uh 4.o5 -

2.54 flu / u

ru r .r 6'uri'r'] ffi sr o ua'd

16

2

+ 2 + 5 + 1.8 + 1f?fi141UU1 4.o5 - 6-585--
21.75 elu/x
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n0.: idn'lttl',l.l nUUB0nt1l31.111, 1 .00 11 . 'i,lUl 0.30 iJ.

6.173 ) e.oo

n 1 t 1lC nl,t.: 'l 0.:fl oIJ0 ( overturni-ng )

nl tfll 5 13r'l 0I n'l tylAnu.l'lU ( overturning ) ?vsr3.:f1,??'d01l t lJU 2

il?1r I
I

&n 0.: nl rTrnni4.l 1u? a{fl cii c u5.
277

C
2l,-Qq
4.o5

d.,r d' cI| u,tt Ir,,I .1 r"1 'u'o lnril ri0 rn8drl.rtdi?i'.rJ "1 untxLllruuliJlu rrnr[tr0[uuhil191161 ii,i1]11p,rz;i
ute tt tr ? rJ 11 | , s ..,

l; i'\U uhet'tul,tu1 Llnr.r'Iurvmtio'lru1!a,: rr.rrfl1Lur1uJ{rr.uh![4{ lnli,r,:t;e'rlu
s t 'd-r '{ 

I t ' 1< o '.4 t..,

;l a{ I t }JUn CU;1 LfiitllflSU0r'11u'fl lUUl t fl Unnl 1 L lJl.l Key waIl
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druiuururgurululn 5.oo x 3.50 ]r? riiurinil:vlrer : iu
)' +' .\ t - A o I d t t' d t t
rnR0il[1 li]ra.li11uxu1r", { rlll 'J.: l lluui'runr.ri{ t tru, 945 nn. tlovu-"tirincDri'lu

axnuruluri'?ar 45c nn.

51 nU

(. --r= 12 fi'u

^iLelc ln

c

,,j
il'], t n EUFI')? 8{fl8U8 ( sliding )
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? 1 nfl 1 t 1.t i,l 1 tt r.r rr a ;f u t xurl r r l nh ur uri r'l
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-l - a
n1t rllu1iruflr 0{n ( Bearing )

? 1nl fl a'r t[n, ri rLd r,.] u r l iila o.: fiu'l #r-{.un uo ? v t 15

5.086 ilu/rJ
lr, v.:d

Itilitur"i1Il,qruu1.,,runni I i,t-.] 1 1 i'tu/N

I

u?1r'iu ru iL t { na? 1fl
{'
itust illt B

F<1f.:1

2 2

' ! -\drirrilraornrrfurr'*LInrar'iu ih
= 2.163 r'ti?.1 i

(vl) fi 1tt"r,,,ncun1u1rl uh

- ar t r.lrruTrlir I rjerr, (Srirring basin)
rllql4?l

I U0it?'rn I i(ofl.:u1u'lu Jglt.
'o e vI I nn Hydraulic jump R.]Illl

#ru,lirrrua.:,,e, it c +.t>,iJ/iurii ril
I r rl, .t1

n, . trl,t'lu t xn0{n1, 8't.rt:.lli1
tt

'iJ1.:i',lB t I 01Jrrfl!11ulri (outtet transl tlon )

!l1 1iJn1 1{ nunA {

il1l]dn;{uflaB.:

1.15

3.675

zz .4)

11.0O a

15 .20

U

!
t

a't nna{
e o 1o

nl1]Jn1l,tulul t

(2 x 0.50)

l.l .

uFtd0.l

h?1 nl 1 {Vl 't .: uhl1 1U ilnt .

Is]iu 1u IT 25'

D

tr

n21lJU 11? 8il transition

L

lJ2l_
tan 25 '

6.7O r.l

I

[tln

8' at at

fl 1 11.1 LlU 1.1 E{li'iu' 11tuh (Downstream apron)
t

,,l1ur.:frullh (UpLift pressure) fl an?n l rX
!

tr.9',rr9
flli? 0\:1\uvtluu') t.1u .-

tb
l

< 7.oo !l

+ 2 + 1.8 + 1.5 + 2.5 + 10 23 .133 il

c 6.585
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rrl
tt? {nu? ailul}16aail 6.585

l, I

u1l ?,l

{t, .(, t
tl t, IJfl Ull 0.lY'lUiI'lULll

_- 3.51 3

1i..O5 - 3.11 3

= c.537

'i .3

u

u?,re,u

n,'ii.ut, di.i (Factor or safety)

f.:finrfluur.:ffu 1.1 x o.5lT

ll

0 .693 u.

o .4,49 r .

li

,)
fi 11UrU1t 0.:11Uh? t I rlu

o.698
(2.4 - 1.c)

e ':: Y.l l ' ar d
n.:uuD1?!ranfi)1Nrluf i 0.tyJu1.l'tuu'ri,l? n t t llf,ll.l l,rlfi0ti'JU{ 0.rc :i. 1-]}10

J I - 1,I'
J? !fl',tuttr.lltull0il ul tfl

-t v Xt l.-r-t
141t[r.:RUU"] (uplift pressure) --.0.1?il'.1'lU? e'lliu]lltlul !i'l-,.:ll.-

( ^o^ 1L = 26.67- ll,z* 0., + $?.e+ o.3ot = ?s.?al :r
(J)

tur ':fr,uas 'r;hdanar
26_.29).
6.585

1 r t,

3

r, I

it: .i9luu1vl1nrllffiCrllurl1uuh ,+.c5 - 3.979

?1 .6_([ *t.to511.15

lo.o?t

n? 1 irl,ru'r1 0 !dun1 r I flu -4r.97-r.!.}-(2.4 - 1 .ol 0.c66

q U .3C

I.i .

Ir Ln

u.

1'1U1U 60 7;

ek! X' lo ,-J . .r 1.
n.llru fl11rJ1/u1?0.:$uvr1'uui?,ttJ'(iuurrlu o.i0 x. Irtrl ldl 1 0.20 l].

(m1u??.: c.oT.{. ftfl0 ui.irrrr.rrtr#s{rdi,.,rn6n z il f':;ir'r'lilrrr..ru1 ).2o.1'..)

*)J

- I4llLujL:lli ( Downstream riprap)

yz = 1.102 lJ. a = 21 .6 i,l/iuri

f .i77 r. /iur,i,?

2,57vb ^F
2 2l

u211 .li:t I 3.281)d
(2 -57],

0.131 Ir.
v u aro c I | ",t " 

I

fl 'tuunl, [nuu I tu'lr1uu1?u1n [! r 5flnx 1

-^ f,a , t 
"-.ft63 fill ullvllj?u 1n r ann2'I0n 40 %

0.15

o.15 iJ



-A?--

( vii) nhurclaontrlu-1 n,nd3f.i (Structural design )

- !.9I0-0CjS ( tntemed iate Pier )

n'I, niuinfl oJena 1.fl ;ii r 5rol,iu ( canti,tever bearn ) di,,r,, o

fi'urlrrdufifi.rrri,l +12.g5o rfit,':riurfiur 1nufin'tudnnfin (r'aain steet) tluiiin
u ' a 

tflu t ia'6nr T r'rttul u iiu Ltflxill,nllttlllflil d2U t lAfifltX 0tWtn I (Temperature steel)
'qt J

an!u6nt'rlurruv I ,1lJn11ild.l?0{flDIl0 R{1r111 [? [uLrii 4
,o

- LB!l!!,tJ ( Abutment )

^t' " I .! v.
Iunhuroi t flun luu^ll (cantilever beam) ttuu'l ilU1nil nhttrJ{ ntliu

lt 4 . q'" a a'l !(Retaininq war:. I frr'lil uro011?rPi,luttuLi,itilu counterfort ui8 euttress nLfr

*or.^l-vn',el"
t nueint ttlnu olnl ( saturated earth ) nufl1ll1.la.:fl0ll0 v,it8!ru surcharge d2ufl'tu

'r '<1
ltu 1 t l Ju 

,.l

trl4
- ?illfl-Qlg ( Pier f loor )

n r rnhurru'l u?nr{ufl Dri a ! flu uululxer l u?1 1{u r {'l ua? 0n;h f nuinr ru
D - e , _ rrlt , ,o 4 , ,l

n?1nn1utru?n1t'[ ua?n'tu"rtvrtn! 1.oo ]J. rtar Irrfrufl DxB ! tJiuu t r,{fro untu,''] B t uD.l

( continuous beam) rrac no:,ju,11-lri'1ui,arir'fi r flu t rur o I ilr lsupports ) ,r'aua"rroo
t.r

,iiwfninorro.u rduncrist ?, l11 lnU n1t B.!ttr.leUn u'l
r,lrt-e,,

fitluR alJ0LlnBann?flu 1uu fE I f
.lflu

tl
simple bean ,) 1.ltt latnl{u}l

Dlu
1l11,1Unlnl0{n1"lU ( Hoist and

tt

I

fltBuB 18n
q .Jd I -ql'{ 'dt { t

t u nrolt/lfIllt r.:RUnU I Ai:luil BI0 it1ttfinn1{lUtiln?snC.:ttunn1U?fiVlun0J0
o' t -q'r'Al t i e ^ " 'tUun1.: o1 fl1]JilU1flfl11Utlflf['11.1?0{ttr,lF,uRU I,rl'ilUnD}JD l;l0An lUnnldr}I tllUrtUc "] R1U

J"
- dvilu l RI0.:n2,]]]xJu]clillu (operating platform)

uailsrBlJu

'\!.,l A Y
I nnnt ldlrlu t nf E.ln? "tu]r1utJu1u t u

1-.1 &al --uluu nl,l n, sulu udT{'\ ultn au 1i,ru nqt?dIJ1u I L.:

drum) fi'uri'rrlinzg.:l rut slrlu ( cate ) rlxu:unl1xfl

?n (poLnt roads) nr.:?n!+sli;B;ua1adA.r ( Drum )

nt 3 ut 1{u'rur3u luiiunolcfl n [ fi]



243

tll1'tUIo 19111 (Service

fint u simpte ueam

Bridge )

Inc'l;rld'n-l u n 1 t nl u1fi6u1ull"l ilual { (Hishway

bridse)'firt,Iiurs.:

uri.:nq',lni!ln%ii (Diaphrasm wall )

^[inhureur:Iu Fixed bean lnuilnolct:1u
.!. -
d.1t B.l rll

u r.r fi'u;h u;1,n r . r s$r r "ir uvrr c i.i a v i,r r fi ur riu,ri.r n au n in rY,,ih, f, u u r o i n r r r.
!

rr11!rBnlurtlll'r! luUlurrlJlu (cate pin bearing support)

l rino'tl{lurrrl + u#, f.ririn."',.'i'.1 rid
rrl

transition)

( Downstream

( supports ) ttirg

fr.: 16.zo r
Tl ilaD tr Dlllt1{00n ( out let

t Y ,(u tr4
t [B{?1nnl']um 1':? e '!v,iuvl'tuuh

.t{tr
?.:er1r[Unl?Ut0{A1nfloit ( Side slope ) ttaiT,li]

u | ,1\ .i t,
nhu2ru F,nne1? [1 Luxuvi 4 trn')

apron )

(Apron) 0En?1nnu ttnl ir't llrunl t

e.2 urDtruluillnRaB.!'i1'ru1

q 4,A T.l l' Y f 'j.q'Iu nrnirjrurnuh ii?r11.r u1u r r 1na0{i'1u1.il[ tLil1 nfn r,lfl n t flu Jr vn rcx 1 uil']r

naaitzcuufsfinB.:tttjrtteu r,lfanrft',i#i.:nrro^n",uur,rn'oni",odr,,auro,fiu (service
!t t^t /. - ,.1 ,f, ,,1 .J I

brlttge ) ! t 101?0BnttJ!Jt sR tsu l'..:.l1nnnD.:,1.:Hl [ .it r]uanuns.x rr.ra ii.r t J;l't,.r';r-r t iunr f
I l , .1 2:t .\ 2 aa- o , u u
ngrru1uil1nnao,l;lnuh r[avfrrJilcBnriilu rflu z .lfii,i]r ruhllir,:uu!r,nu v Iurr,.',erru;1

y ' d - t td - - ? a rz.r %. | .- "flaonvli01Rl, tnutF.ulnu?c40fl (curvert) tlrifill tur;n ru',r "tfrnEr-l Ir,Ir] rn,rlrrc,J t iiu-cuh
o n' .-l q'o< I

(frurittururiiluulu sride gate) irav [":;6n1rnhu?rur,Jurfimfi'u,]racll,ln :vnrf
: c ^ A tr 4 ? 1'+ I I d -f,t rdluBn$u inu{u1{n1ut,4u0u1?cD0ntr'xu l,i fl0 cltaculutriJlutrittnulnulrnn"ll tl tu-c

atlr',-trtlIr
B .1 rhuvr i.:n lultluuhl: r Iuvr o ir urfiurur ru r ruru'l r.ld nffurir n1, r 0 nuxuRr,ii J un, ]r 1rl

.o.^ t 4 - f t 
" 

t t ir r., oa a t ..1 ',5!1unlil!'u?tsutilu1i'u,inoltlrluirour.rfi lrufrrvrcriuIr,rflxu1fl: Irfir l'fl011?rLi1ui.i;u'](u
, I I i, t rtr< ,.1 1, V
uh{{dnfr!sdntnln4Bniinuh-Lflil011rr In t)1rnr')?d0]rn11lJfi{llllcr11t ( stalirity) tiu

.'lriu'rrornrruuttolarudr.iu',1'ourrrlfria'rudriunaro#ru n,:u"urilrr'lr,iar1l.!u11?0{

norio#ua..:1#inn ur'l#conuuul #l: y urindu
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tlfilruheln ( DroF Stncture )

$ J ' r I tl 1r uJJ - ^s 1 n 1, u 19] n t fl u 8 1n 1 r ;d r 1 { l u : ;tLtt rl,:uiu av r ru r rx 1 uu"1 L u n rnr,ifru ur nu

< ar " &'. .r I ,.1 {sllIttulRaa\tnnrifru0n0ul.lt)i,tiruiBnrcaul,ltr reiurIu].i-ul.irlintAu{ld,tuultulIrl
,t < ! ,.1 4 J r "r" ,r I .'{ ^,'/r1{'0u uinnrutnrilciuirLrulfleB.:II'il'r{iluunrrrsvrhtLrnaD.]ijrrl'uJU11 r;iil.iirx1n?uu'r r,,i

I | i, rl ' 4 <.1 l/ oe I

RltRnno':ul'litu1nn1'tn'l:dr1'l01n1ru1fln d1l,l0nnr"[t4u{uu01??stJunludliJalntvrI
3^^ u | | I ? J.! t'

.( slope ) !0-r1fu?-jlnunlrtrutnns{tut]1'r41ua1nt1rrB{fi.r0':d':uiinlrnllrtil!Etni:rid
rtlirDl
u1fi t d!1td uu6;'[ ttiln rsr: (rr 1 l Juna3.tfiu ) iaf oo rr:,.rT r,]ufr ft 0.rnin6D lt? ttut { m'l
- A ^ J.r I o t 

"n - : ' J
u'llilunaoinuliIa'rnlrulnnulurrui "l ttai iiuuut nnn a,l nufl 1}ld1ufi1n ! ult t r,ix l tdll

(1nlrniuufinlrurirnr;uoriha':on'lunco.:6uluuuid:) rdorrrriurnna.:n01iltdou "t
dcv . <ru '! call 1tflrXdtufl, nA0.: t llllnO0 {ABU 1'ld, 1 {0'lnl lUlrln l4ull'lU.: I llUr;Ui c'} Lll

I J. r'- tY t e ,t ,e ^ -J01n1rUlfln U'LII Ln flU0UUUllU nnl UAmjCJi IlJ t '1.! in 3 nUR R.lU
ll .,

n. 01n1rfiflnltu.ll nht!$inz{ (verticat drop)

1. alnlrUhflntfUxll,l[vt (rnc11ned drop or chute drop)
,l

n. Bln'ltU'1nflttllUVt0 ( Plpe drop)

I t u q J ^t " T r' .{.r'q', = 'it .r<-
r{e1nlru1nouir 3 iunun1ililnfllriDdrlit?utla1 u'dr t'/i8 i r,li nilr, I r.Eu tfilruu 1ofl?u0

asnulu'l#urrurirdA'orii,n"r, 'inuorr rvldurardruiu'l;rt[rid'oi. t r."o loss) r;11ild]ru"1
- v. ,J I 

', ^ - IBlrr'rruhflnnlu ri.:f-lurlerrll.:rlIJrruflilt'rrlrulnnsfrn[nu',l (check drop)

I

9.1 olnlrthnntruxnhun.tne.l
n l\ "f, 

e t 
^ I J * e

( vertlcar drop) [t lunrntrr-rgnunlngsnchuhnlu t r,ru cuhun3
J ?q, e v tll -l e r. r, I lJ
uluuhlxrt1nun uarflBitn'ltoanlruil [u01.riuui (Basln) u1{niuuruuh{jiidrrt;t]rc
."t, Jtr, , u l - 6 e I

u'1 tn !frnIun1nadrl.rni drliui;rd'nrneJhIunlrfhirufl?u1n!0nolrrlruhnnfinru.tari:;
-"r t !.c - .J'!11Udlir j Ll,l [1 ilnilu

I
i
1

,.

b-.*,,;

:\
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9,1 .1 ,ynufllillD.ldiuhfl{dnrrHil.tnlurh[ouhtrnru1uu"1?rfl10{[xtfiu 3 'Jn lutija

,liurorihurualantrirfiu ?o (!n) 3/iurfi ua;1ir'rfiu r .l .,,Jsr 
'lurdo,liuroli,a.r,tn

t.a .{ } t ,l' l"'E' U } .
tfru ?o (?,h)r/Cu1fr !luun?r Insanuul Iurluntulrtuuruf .:trr'l!ilul't!firi d'ru:l Lu

d Y a' I Y '9
naB { ?rlfifl0unrnuu 0'1 ? rJ0iJ r ir r c riun r,rr a r'riru"r t nrT.r g,'ln

,!
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J
u t dIJ0

rnria'ruilrvnaul#lriurir"drriueru',r6'nrih ( check structure) do',*arri",rn
I f | - r, , d t:

ti'lBil D { nu n1, t findr uan? n': t, nuu'1 ( Drar.rdown ) vt 1': nlu I !,4Uoui

- o ? " , Y.rr '!} , a Y o ' I

, y Rlt ululit'tu'fl 1uli L xn1 ld {n1 1Yru80 J{nlu l uu0u't t num l 0. 6 t 0 1? 0'1fi 1 1lJ

( crlt1ca1 depth) ,,io'f i fion'.rr*{fi'rrs.lr;':r;'ilnuiJrfinr "i,'iTu,i'"l.utrj
9.1 .3

anlfrqfr

l1rflu (

9.1 .4

)l #
n, il?1tl 1{41{u )

nl rilu 1i? oir 0'1.: iu rih ( e.sr.n I i'ru'il*iir t r ",t tir "' n

{
d d3 }EL 2.5+7.7f+l.zt h
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T
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9.1.6.1 nrrrfluir}indrir.:rrnfruriianlrlul':t'utft;iilr3rr1fi 3H rtna:'ii,i,u

ol4t'T{nf,Bil Drop-down curve

9 . 1 .6 .2 li}inn'.:narr r;nlr.:t u,ir wrn{urirfl nx1 n l fiuiil[n r r,t rrrrr.].,i
t -1 | .- f- -l -,, a!. .l ..,u. -

n11]tfl 1'r.rD{ r; muir r,,t11'l ri.ler3umjflt.: aluu linlt)1rln l ru [ Til!r111 Lu anltB1ulrl
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,a .1 .6 .3
t a4
LR ") U.ldU

9.1 .6.4

naD d.l,dnlunl,1*azco,ii (Disturl)

e r.$
1[n1U

9.1 .7
I J d' e I

a2u I u8R11!JnnnlU IUUEU1 (Upstream freeboard) ?;li 1

v2

'i,irrnerr

h a
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"ritu txo F. a'rr, ujo., rrdnra.:riiiru r r,rfln#r r rJur,fn
I

H, h, va lla; g n'tR"r 1nril
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9.1.8
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F h
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v2(H+i)
z7

3.58

I:.

"rl

.1xdlu I
9l

il

0.421

0R11ilnn t.45,

{
I r d- "-J ._-.!,-{ \9.7.' llrnrlidEURll'JrIUfinn0{Uhflfl ( stab1llty) ilUtr Oin-r cn rt ld BU n.:ri

J I ,. ,:l r'. s -r lA
' 9.1.9.7 rl11utiufl.;lr a n1rfln nun 1U (overturnlng ) [irn1ululnuuil t ]Jf]fl

I .1 rl J
nhtln{n1{ (Keywal1 ) ttfl, [5d1UlI0m11IilSBnnU (Factor of safety) 1.5

Jt)-rrs.r.e.2 nl1 r.ufl{nEn1rr60uer-'1 (slldlns) nhurulnuril"llfinnhuwla,r.r

(Keywall) uac"litirf!ilr:frvrf c ilonnrrti,jlr.d z urio"r rfinntr rdnuqirdu
-v I I-[un'rurrun'runlnl{ tfluntuf;u (canti].ever beam) iuurqfrut olfiu ( pa6sive

. J e A - v< rr' APressure) tfrafl 1u n1, I asunluu t nu txd ru t lant luiLjnonfru (ractor of safety) 1.5
'rletteet

9 :1.9.3 n21llIun.:flonlloBtlfll (Ftoatlng) uhuuftA0.rn101n1r?tflB{H1n
J tr - ?q,{ . o ' J

IiBfr?tn1uttt.:Ruul lnfru (uptift pressure) laurin;tru tiian?1rilaBnnu (Factor

or safety) 1.1 unyuln?1rflutr',irr,lrtr#n.:fion'rlr:urulih (weep hore) r'doan
!l

- ?n )t' Jr,
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9.1 .9.5 l111ulJUR.:fl 0n"tr nR tnlsvrluuh (undermining) n1tnhr1Unn11lJ6fl

?s { nhuil{;1 n ( Keywal r ) 1 #6nnoul u, nn*ldl 11 rlurrd 4 unr nhr,il.l nvru.tru lnuorfl ? 1rI
I Y ,, , 1, -J , lrr {ul1g 0{d1uilfl { null'lu.lh (Downstream protection) ['a t irlf ;dlnlilna11 [1 luUvryl= 4

n1 rttfrun.isrs;hl,aanonl#u ( Pipins )
Dtet
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9.1.10 ntth'1uirul nr.!d ir,t ( strrctur.r -g'l nnu

9.1.'r0.1 nhuvllr"r ruf aar nir.: LUff'tU1tU
t d -)' q1 A t I g r J

InutfrmrE'frna1r lr Iutr'oltalnl{u1uuh (rransition) t utrvt'li 4,

g,1 .10.2 n'ruulruriT ( rieild warl) olrurrrni'aoru.rriinn"lu'lrnrin t1?

nhurorlirhun.rurirrflunrufn (Fixed ream) Lnuinhuv,lir.rtflu3ruroti, (supports)
ly 9 I tr y .l

r,ntirri,nnnir.rurnrdarffrnrn'un11xdn 'l,inru:runhuvr.turirrflunruiu (cantilever
!t

" <{ueam) 'inufifiu rrlu5ruraliu ( support)

9 2 ElfilrUhnnUU!t 1{ t1/r ( rnctlned drop or chute drcp) '1, nr#riro,,nru ilri'r'tu

l9I

uu .t uflole'tR1rn.:na11 t

(Chute channel) uirfl,

I

design) ttuifihu?FJt:lur11U

( Slde wa1l or Slde Slope)

( Gate) ii'ic"t;6'n,ih ( r.oo rogl riufi'rfn;ldn

( chute) str'1rflu;0{'},is'.oiu,i'. r;1 ( rnlet
,

( c'trute channel ) nlu
J

ooooa'o,ihuor'',n 1 unrfirL?ur,ui'rurug.rrulriny\urnoril'fircnr"1{rfri31n1r;hnnuil:J

n'nru-ln"{lri rr1r1u#aloonruulriulunrnrrriisrnururl.:n/r ufooonururr.:tvl (chute)
ttttt

rdu r au 6.ruuu aurnrnaa r"r ws#0.:a.r r flu r l rnrrm-: uarrirn '', 11uar oor'ir"{,iau6',
\ v f, e -l ' ,to t 4

01R1, t uflmrilr'rl ldUfla{ui (Energy gradeline) ena'!t}Jtnu 15 tr1?rtr!nA'lf'r1,
a t 1 r', t - |

U-Ul101ft1tuhfl ntfuu r l.l t1/l ( Incllned drop or chute drop) ttflfil tdUTiA{UhAnA.!oo 
t' c Y t Y j J

triu 15 lr1?rttun01n1Tuu'rtt1.:lvt (chute) vfucln'til.liflntulJr'){ tvtttostl.: tutj
v ^ o rr J I - flurldrudulfiu,lr riurfiurrnrtiurnaird,.i.,ulru',n,info*llftuu 00nrNU t uf,iuyluulflRt 

,,
r'lJ'- , ,J J ^ a" Y \

BBnttuu l'rriuriuu 1n n t ';u, ild l uduil8r1.l ux tta:13 urJlJo0nuux I uB 1n l tvtilullrt? tl rtu Iu
ir!lt

Runml,llrllh ( Thoroughly cut )
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o
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9.2,2 ,BnIlil fU (chute channel) r fiun'ru,dvreaurr"i ilr",rJrru'',o,,,odu
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2n 2
ave .

(Average sfopel t Aw{u
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(tan O - tan e )XL o
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v<t ta | . lJ I " I I -. d a---
tln, nlriliuli,uu I uo Dl1ftl1lJaht E ilui'Jl?fl t t,Ji];.10{ r 0.lr'1{ lrn lulniiRl lrnnl nqil

r r r r .J I rr-l, t

(crltlcal depth) drunrlilaruar{dn?0itt8..rr''l.lru?rrilduudlunlnl'iltltufunl1
e l < audl | la -. eYtl0ufluta{rlittn lnuIrri]d1u61flr11rru11ir 1:1 i fr{ 1 :3 (UUU[5 1 :2)

< , I I r aJ , n

9.2.3 ]fi{flgr0.lr1.ltvl (Trajectory) tInrBJrl!UUr1.:t1r'l (chute) ?htflUn0.!

oonur.ruir.r;arnrJarrrrrun:ldfi,t.ucrnr',rrrjduuur.tn,,rl#riIuli, lorfl#un1rtD.flfi".t
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x
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flu1n?'ln?flI
J r, .$ | I

I lflUr B{ [ nirr 0ilflar lil tl1
tt AS

,, U, il1il '.t nlUUUlA{n8{t
e r r Jl r

nnaBrB.trlitti4un1 x fl1il .1
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t
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L
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n1 1 UU11fl liJtru?' 1iltlp{1iu nn B fl
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x,r rdu{nB.:?n rdrl Jor.oJuo, x tvrdurfi'ruurruttt

tll 4.l
Alhtut-11U t UBnllLAflZ D.l r 0.t r 1il t "i/'l

',ltrlr nh'iluRnl1ild.!i 0.! nhuH {? 1.ltE.: r 0itr 1.r t !1

lirr t:r,rii r fl u- t'CI 3 litr rri
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fi",sr.i, r' 'lunrraanuuuBlFlr;1nfl$u!,1.!tutt;{rid{f,ilti.,l.u 15.45 uJ/iu1fi 01
I J . ' tz<t J " - a .l d 4 " ,l - o ' -

s? {S t !'lu, 8.l t1.r truulfru'ui liu lrin t ilud I l,tdu,Jilu u.ttifi , u, c fir nufl 1 n nu l0 Ll . I nuflnru
l/ll

u11sr1uuul r 1lJ 95. 1 4s )J. tl.4rPr1 1]ln1 1.l1 A{ r B.1r1.l lvl 4.iO X. l.l 13UU:ilflfin1u
!,

u11rdn{ rdirA1r1.'1, Jo., r.o, rueru Dneil r}idnjs.ti'1r ils r dil r;1a'r'to onr6o,i"',i.,

laul (1) U:Ut-lgfoJrfl

o'ruu,o, rmor{r r'0., r "' o ,,

uurri'l,^i'',i ,ori, um rlldnilfla ( Norrnal depth ) trl ii

es

J nr . I
0 rnhuun'lun1r'l r,tnnrunr rudnr.infi

?1fl

ttviudnl,
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4.30 Yo_.

,1.30 + 2yo
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z!.lo a 2Yo
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n1 yo = 0.26 U
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0 20
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F .,,- ^*,

(K)
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fr

rrni'rau'r.rfr;rfiuitic.rlr,:rv, (chure channer) 
'lour.r1Mfi 

eunrlir.,:rfin

nrr'[uairunrlriinrlnfi (NoEmal depth) ntuI0.l11.,]lvr il.lu'uR,rudrrza',rrihnr.:riaruJe'r
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rr t }J - t,
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(Froatlng ) 1 Rwiu 1uu nr 0.1fl2 81fi 1t ttrlact1.lfl 0l.l

rt f, * - tl"1 ,& . e t u -
? rfli0itil1nUD /l? cRlU ttr.r nuu"1 tflihr (uprrrt pressure) 
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$At illn1hlll!ml181n1,

t,in o"i,i*'drdu,,:.dfi.,, d ui,ifi u n n fi'u dr u d nfi ra ri{
r I A - v! e a - ,! J-,.:^,n. n11riurr.lfl 0n1r r f; oufi'r (slidlns ) vr.:firsnolfrnrrr lnuto':u1ilrvnu Iu

- j - -t J I .inrarnTrraounl nuuhilunn0.:fl1s1R1rtB.ili?rlnffB{tlio.l?1rth11!n1ntuto{nlrlillvl
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rrllvrJua;r ru'l ufl ul., fi ,uoir.* unt,ilfi u r eu
I J r ot q.b t-...

?. d 2u I dEn2lNUaD?lOU (Factor of safety) l'ilnt0fl'lil "1 ttInRlflUtnm

-J | ,r\ e "flU.ilna1t t2 t,U,gru .l [a?

\I

I



ffi 
ffi,r i-ur,1ir+ffi ;'s i6;;9ti1

r.r. .i'.t.r ' .'
l(

t'

-263-

n1rnhuiruo1fiui,innni t dtRaur c{ur .: eiufIU
It!

?! ri11{nBUtlfiti,i0.1I flfl Jump
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?tfin tunlr 1,,!nT rnhul0l
etJ-'te1ll

n ttu[rfll E ijlnvlIl!0{nl tan r uu, t'rntlr n tLluflntt 0{ -Jn{u.-
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rJ
!0.rq_l
rJ

naiu 2

I

: rl ffilill dt/D 0.40

rdcwrnrrralufirir D 1.50 u

d1 - 1.5O x0.40

cruiuJa.r'C r ,"u rrrlritir.r
e ) .l r rY I

t/D flu Aa/D- tlionlu lrnu'la1

u,i, doo, rn'i, nrrnhurdltil#nr r r.r
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