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qJ 'l! q q 

• 
U'1l1'J '5li1n 01~\ 'VI'il ~ b'W01~'1l'1l mLUU\r;\''V1101~'1l'1l mLUU'II'W1111'11'1l~11~ ~:;lJ1I'JU1 b~il'1l'W1111 . ,
 
bO~ Li'iI'J~ nuu~ ii'1l'1l~~tl LLUI'1 L~ Lil 0 LYI'1lb~~11'J vi'1l 01 ~ri'1li'l h~ blill'Ji'l1l-11 ~tlU1 \ tI'J1~tI~:; O'1lU\r;\'
• 
'V1'WYi'VI'ii'~ '11 0 ~ LL U1'1 b~ \r;\''JI1ilB LL~ 'J bl11l'Jb ~ Ln 111 0 1 n~ I'J L'J 'il1 il fu LLvi~'VI 'ill-l ~ 'II l11il'1ll'J ~ i'l111 

q q q 1 

iJ ...... ... 

Ltl'WO 1~tI ~:;'VI!TIil'V1~ L'J 'il1 LL'il:;1'1 1b-n~1I'Jb 'W01~ri '1l i'l h~ ii1 'VI fu i'1l~U11111'Jb'W ~1~ ~:;lJ1I'JU1U'W 
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tJlf'1l'1l nLLUU1",n 'lJ 1.11 ~ 1n~ L~U~ n U'lJ'lJ1 ~'lJ'1l~ L~m-l~1-D11l1 J.J 111'lJt1'1l'lJ*11 t il ~~ 1'lJL1 in~"l~';h 

fl11J.J1'l~'1l1~1'l1J.J1n)1"'L~UJ.JJli'n~~t1liQI'l~l1lnl1l~n'1l'lJ1'lJ~1~~~lJ1UJ1tJlf~1U 1'l~~1n tLI'l~~1~L~1 

, ,~ ~ 

1.2.1 t ~'1l'1l'1l mLUm1~~~lJ1U1J1~1'l1J.J1Hl~~lJ1U1J1 tJlf~ LLI'l ::n'fiI1ln rrirt \.ll'l ~1'lJ 
~ I ~ , 

~'lJ ~ wi.h Jli'~ J.J 1 nn~1 ~1~ ~::U 1U1J1~ l1'1l ti1 'lJU"l"lU'lJ

1.2.2 L~'1l'1l'1lnLLUU~1~~::lJ1uJ11"'1'l1J.J1nnl1m1J.J1'l~'1l1~ tJlf~1u 
, ... , , 

1.2.3 L~'1l'1l'1lnLLUun~~::U1E11J1~H~::U::L11'l11'lJn1 ~ri'1ll'lh~oU'1lu LLI'l::t1~::mj~ L11'l1~ 

1flUn1~~~~~ 

1.3.1 L~ '1l Lmu lJL~ UU\.l1'fiI1l ~1 m ~ t \.ll'll'l ~ I'l ~Jl1u1 u ~1 ~ ~::lJ1 u J1 \.loU1 Jli'~t1 ~~EI n.J 

riu ~1~~~U1UJ1~L\.l~EI J.J fl1~ \.ll;j~m-D'1l~1u U"l"lU'lJ 
, ,. 

1.3.2 L~'1l'1l'1l nuuu]"'n1~';hfl11J.J1'l~'1l1~~1~~::lJ1tJ1J1 LU'lJttl'1lti1~~1U b~u1 f<jfin1~ 

tlJ~~EI1n 

1.3.3 L~ '1l Lt1'lJn 1 ~~ m~1 \.l1 f'11 iIJ.JtI ~~ ~ 'VI t fl11 J.J 'lJ ~'lJ ~~'lJ '1l ~ LLJ.J u ~~ "l1 n n 1 ~\.l Ii '1l 
, , • 

.,. ..... co "'<I <:9 Q' t.... i-' .". ........ ....
 

fI'1lUn~11l nULLUUL\.ll'lnL'lJ'1l~"l1 n LJ.J'1l Cl'1l ~ LLUU L\.lI'ln'1l'1l n J.J 1u1'l1 ~ 1 \.l'lJ1'lJ '1l ~ fI '1lU n ~11l J.J I'ln~ru:: L~ElU 

~~ Vi 11", f'11 ~ 1'11'lJ1ru'1l '1l n J.J 1'1l1"l"l::ilrn ~fl1'l1~ LfI~'1l'lJt Jlf 

n 1~~ m~1 LLI'l:: ~ 1LUU m ~bflN rn ~mJlfLLti~'liUI1l'1l'lJ'lJ'1l~n1 ~~ n ~1 LLI'l::~~ Vi 1bfl~~ rn~ 

'1l'1lnHLtI'lJ 3 'li'lJI1l'1l'lJc;i~;j 

1.4.1 iUI1l'1l'lJn1~11~LL~'lJLLI'l::~n~\.l1-ii'1lJ.J1'l• 

LjJ.J"l1 n m ~A''lJfI~1~n~1-ii'1ll;j1'l ~ L1im-ii'1l~ riubflNrnr \.l1-ii'1ll;Ji'l'VI1~'VI~~iJ ~ L~m-ii'1l~ 
, . 

nu 1'11'lJ1ru \.l1\.loU1 iii~ ~ L\.lJ.J1::1'lJ.J1 'lJ'VI1~'11 I'l Pl1 i'l11l f n 1 ~~~u 1 U 1J1 ~l1ln n 1 ~t \.l I'l 
I .. I I 

\.l1'1lU1 ~~ L\.lJ.J 1~1'l J.J'lJ'1l~~1~~~lJ1U1J1 ~ n~1'\~1-ii'1ll;jI'l'lJ'1l~oJ I'lI1l~ L\1J.J 1::I'lJ.J~"l ~1J1J.J1 H LUUoJi'l11l 
, '. 

1un1 ~I'l ~1~ ~ n~ m1J.J LL~~ LLN'VIU'VI1'lJ1Un1~ri'1lI'l~1~, n1 ~LfI ~'1l'lJEJ1m1 J.J t t1~ ~ n1 ~~ ~ iiI~ Li'J'1ltJlf 
, . ,,,""'....,.. '" ... .. 41......... ....
 

'Il'1lJ.J 1'l'VI11l '1l~ ms fl1'lJ1 ru\11'lJ'lJ1~'Il '1l~\1U111l ~, 'lJ'lJ1 ~'Il'1l~ n~ ~::U1 UU1 LLI'l:: Li'l'1l n 1 I'l ~ 'VI 111 N n U 

fl11J.J iIi'1l~ n 1~ b~ ElI'11'1~ ~~ fl11J.JLU'lJttltJlf1un 1~H~1'lJ"l~~ il ~~~ 'VI fiJl1~ LLI'l:: f'111-Dr.l1U ~ 

L\1J.J1::i'lJ.J nu -ii'1ll;j1'l'VI1~'VI~~iJ i'l1 J.J 1~ Cl\11tJlf"l1nLL\11i~-ii'1ll;J 1'l\1 1'l1E11 LL \1Ii~ L'liU mr~ ~'1l 
.... r= ............ ... r 
'1l'lJLI1l'1l~L'lJ'VI U'VI m 1J.J ~1'l~1'lJ1"lmLI'l::1 'VIEI1'lJ~Ull 
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• 
1.4.2 '1T'I.l'l'O'I.l011~1 Lil'l.l~1'1.l~Li'l~V1I1lMlU uiu-if'O~i'l1.'I.l011V1I1lI'l'OU• , . 
L'jo~ L'Ij-!J~ ~1 Lil'l.lL~ N 011LI1l!JVl1 011'0'0nLLU U:n'l.l~ 1'1.lL~ N 011 1.~ij lUi1~ ifn1~ru~ LU 'I.l1u 

'I1~ V1GMli~Hi ~'I.l~~1 LLi'l ~ ~ 1'1.l~ ru1~ "l1 n~l.IV110111'l~1~ LLUU 'l-11i '0~'I.l~ 1"l1n LLU U ~1~'O'O n LLU U 
g,. g".., 

ue ~ L~ !J'I.lHLLIi' ~ 'l-1 if~"l1 n U'I.lVl1 n111'l h~:n l.I~ 1'1.l~'I.l~ 1 L~'O \'h n 11V111l1'l eu i '111 n 111'l-1 i'l 
, . , 

011~ n 'I ~n'O'I.l m1~ LL~~ LLNVll.IVl1l.1l1i'O O1n~~'O'I.l{f 1!J LLi'l ~ n 11~ 111 ~~ ~~ 1.u O11V1I1lI'l'OU V11011 

Lnu-if'ill;j i'l'l-11"hi'111 n111 'l-1 i'l ~~1~V1l.1V11'1.l11i'O LLN 11i1~ 1 Lu1!J U LVi!JU'l-11 ~ 1~~~~ 111 

oW11u L~'il n1.ojf~1'1.l"l 'jo~ L~ 'il1.~~'I.l~ 1l.1~l'l~ 1,j1f:WLLi'l ~~ L'l-1~ 1~1'l ~1.'I.10111,ojf~ 1'1.l 

• 
1.4.3 '1T'I.l'l'il'l.ln111'l1U~i'l, ., . 
l'liU LL i'l::~ L~11::'ll' ~ i'l O11V111l1'l 'ilU:n'l.l~1'1.lL Y1'O'l-11 t'J ru I'l ~U~ '1I'il~:n l.I~1l.1 , 111 LI1i'l.l , 111 ~'il!J 

'1I'il~~'I.l~1'1.l LID!JU LVi!JUrlU~'I.l~1'1.l'llill1l~'I.l 1~~~~'l-11-if'O ~ 111 Vii'l111l~ Ln 11l~'I.l 1::1.J1:lry'l-11'i.jU 1'l11~ 

1.'I.l011~1Lil'l.l~1'1.l "iiflLUll'1l L~'il1,ojf LU'I.l~L'I.l~VI1~ 1.'I.101~~nM111i'il1u 

III ,g", 

1.5. 1 'Ji~!J1.l.I 0111::1J1!JoW11.~ijU1::~V1fiJ11Vi ~~~ 111 LY1 'ilhn~oW1 L!i'ili\'l.IL~ i'l1Vi i1f'O~ n11 

• 
1~1J1!JoW1m~1 ru~1 n 11l1!J1.l.IL~ i'l1i'l.l1~ 111 L1~ L~ 1'1 ~'I.l'l nwwn i'll1lil ry'l-11 n11~ n 'I:: n'O'I.l 

, . 
LY1'OtI'O~ rl'l.1011'i.j 111 ~'I.l'1l'O~11~ 1::U1!J1l1 

.. , 
'1I'O~11~1::U1 !J1l1 LLIi'~V1111~1::1J1!J1l1jhr"l1u1u U1:: n'O U '11~i'O~Vi'1l11l1.J 

• 
LVi n::1 IX V11 011'0 '0n LLUU'1I'I.l1I1lU'jo L~ ruVi'O~ '11 'O~ 11 ~ 1~U 1!J1l11.~ij '11 'I.l111l 1.nIi'Liil!J ~ rlU L~!J ~ ~n ~ 'I.l . , ,
 
LVi!J~LL~1,ojf L~!J~ ~n ~l.IL'lI1::1u mm1~1::1J1!JU1 ~~Vi 'I n 'I~n'Ol.In"l::'l-1 i'l11l'O'O n ~1 1~~ li~Vi'O~'1I'O~
, 

g" " , , 

11~1::1J1!J1l1\l1~'O'O n LLUU1.~ijif nMru::L~~~'I.l ~~ hiij~~ Un Qi'lVi'I n 'I::n'O'I.lLLi'l::'I n ~1~ m~l-l~ 
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•
2.1.1 m11\.1~1'WYl1~lhUI1I 

I 90' I ... ... 

dl'W~1~lMUYl1~'Il1~mh'll1~~~~rllJ'inmf'lb'li'W f'I f'I~'1l~ LLlJ'Il1 '1~'1 m11\.1~• 

1'WYI1~'Il1c;l~mh~L1tJn~1 mr1\.1~1'WYI1~'Il1L1U1JbUI1I (Open Channel Flow) 9~Lii'W1i11~1~~~'Il1 
, ... ... , ... 

~1\.1~..r'W"l:;'1lrjl11tJ lL1ff'I~1 ~ nl1l c;l'W'lJfI~m1tJ1 m f'I 'Il1~1 \.1~ 1'WvI'1l ~11 \.1~ llJLlli~vI'1l ~~U1"l:;~~ ~~ • ...... ... ... 
rlU'1l1n1f'1 n1r1\.1~'JJ'1l~'Il11'WvI'1lLLuuur'h1tJ n~1 m r1\.1~ 1'WYl1~'Il1 uUU LUI1I LLiil ~1~~1'l'll11 \.1m~~ 

vI'1l nhiL1tJ n~1 n111\.1~ 1'WYI1~ J11\.1~ uUU LUI1I \.11 nLLiil b1tJn ~1 n1 r1\.1~ 1'WvI'1l (Pipe Flow) vI'1l 
... ...... ...... 

r:;U1tJ'Il1Vi~nL'li'Wrl'W~1'1l11 \.1~ hib~~vI'1lnb1tJn~1 rns1\.1~ 1'WYI1~'111 uuuLiJ 111 LLiil ~1u11 \.1~ b~~vI'1l 
•

nb1tJnM11"Y"fn111\.1~..r'W~1 m11\.1~ 1'WvI'1l 

1. b~'W~11111!J11I1'1lj;ni (Hydraulic Grade Line) H'iim~1rj'1ln~1 H.G.L. 

0), 

----..; , 
, 

«) - 1 
-T~':;-:--::----------------- _-.]E!'U 'Uu,U'J\.l,lJ\t, 

,I

1, --- E.G.l. 
ltv ----_ 11 

"'I ----__ I.fl _ 2) 
/1 ~Gl /---_ 

/ " .:F, ~I ~'P----r--/ --- v ;:~ ------­1\ 
, I I \ 

I :-- -.:. '9,' \ 
jM -- <.! / : \ , ---1_ '~F 
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v' 
2g 

z 

d 

A'1l 

d 

A'1l 

p V' 
H=-+-+z 

r 2g 

.... ,,;j 1.1 ..... ,

H W~'N1'lJt~l-IVl1-I'lJ11i11i11i11, 1 
P 

W~"1Wl~1l-1~'lJ 'II'1WJJ'1l,t1-l~ (1'lJ~~~'1l A~1l-1~1J1Jttmm'" 
r 

Lrl'1l~'11tC\.I1A~1l-1~'lJLn'l W~"1'lJ1I~1J~~,il,"hd'l'lJ"''lJ!j)• 

LI1'lJ~ L:nrJ'lJ~1JL ~'1l H'LL~ iii, ,"hW~"1'lJt~l-I~mh,i1iI.J1' 1 L1rJ n~1 Li\''lJ W~"1'lJ (Energy 

Grade Line, E.G.L) 1I~'lJLmki Hydraulic Grade Line (H.G.L.) LI1'lJ H.G.L. 

'1:;'1lUUfLl1lJ E.G.L L~l-I'1l• 

3.	 ~n~Cl.l:;mtt",~ (Type of Flow) 

~n~Cl.l:;mttWi~'II'1l,,),1L'lJVl1,,),1LLDDLUIii il'1lU1-I~1rJ~ n~Cl.l:; L'Il'lJ• 
n. ~n~Cl.l:;n1ttm~~~1L~l-I'1l (Steady Flow) ~'1l mttwi~~ Cl.l'l1il1-lti''1Ii1LIiI

A~1l-1~n'll'1l'~1rJ~1 hhu~rJ'lJhJ 1i11l-1L~~1 1-I1'1lW IiIfln1rrJ1-I~' m1l-1~nill'i1 A'~LlJ'Il~, L~~1~• 

'II. ~n~Cl.l:;mtt",~hj~~1L~l-I'1l (UnsleadyFlow) ~'1l n1tt",~~ . , 
Llil A~1l-1~ n'll'1l'~1rJ,),1LU~rJ'lJLLU~''1l~IiI~'1l1i1 L~~1 

A. ~n~Cl.l:;n1l't1-l~~illULLDDL~m (Uniform Flow) ~'1l n1l't",~~ijm1l-1~n 
1.1 1.1	 """ IIo	 "0 cJ " -4 .... 1.1 .... 0

'II'1l, ~ 1rJ'lJ1A~ 1l-1 ~ 1 iii'II'1l, 'VI '1l,'lJ1 A~ 1l-1Ll'~ '11'11, m:; LL~ 1.1 1 iii ~'1l1i1 'I 'lJ'Vi u'VI 1-1 1.1 1iii iii'II '1l,'VI 1, 'lJ1 
,	 . , 

il I'llA, Yllil ~'1lIil'll~, A~ 1l-1rJ1~'11 '1l,'VI1,,),TVirl11-1'lJIiILll' 

,. ~n~Cl.l:;n1l't1-l~~m'lil'ULLD1JL~rJ~(Nonuniform Flow) ~'1l n1l'twi~~ij• 

~fl1'Vi 1iIl"l11J'lf1l-1I1Dn1l't ",~~ iltULLDDL~m• 

'I. ~n~Cl.l:;n1l't"'I'l~LU~rJ'lJtur;i1' 1 111.1 (Varied Flow) ~'1l n1l'tm~~iJA~1l-1 
,	 ..." .... , , 

~ n LU~rJ'lJLLU~, iii ~'1l1i1 A~1l-1rJ1 ~'II'1l, VI1,,),1 n1l't 1-1~ LLDDiiiJli, Vit",1'l L~ u ~~'lJL U'1l,l-II'll nm l' 

LU~rJ'lJA~1l-1~ n'1lU1,n:;li'lJ-X'lJL~I'l:;ml't1-I1'l ~ A'1lrJ 1 LU~ rJ'lJm1l-1 L~~ 
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, " " 
2.1.2 i'll.ln1~V1H'''''1,Jhl1t1J':i1t''''i'l1lJ'Im,j1h''i'lLLl.Jl.JLtI~ 

(7) 

,• 
• 

------f~~:--::::.::=-i'G._;'-- ----- - (~)..,_'.E!ul'l4~~w1'l4~" 
~J'N ---...:--------1 H"I_21 

,/: ~GL. /---­
F, ;/ ,I / p
 

~/ ---if, , 1\ , 
----.!. , 0/\ 

, , 

i ~ -- _/ / /~ 
, '-1_ 1 

~-=-. 

\--F 

"nnnJ H'i'll.ln1~tl.lLl.IlJ~l.I1lJViI'l'VI1~~'JIlJ1lJnl.J.;;'1l~~.lJ~1~:;...,~1~[;l'1llJ(1) LLi'l:;[;l'1llJ (2)• 

1\1 MNPQ LijlJ~1~1~i'l~:; 

IF = (tl.lLl.IlJ~l.I'1l'1ln), . (tl.lLl.IlJ~l.IL·jh), 

= pQ,v, ­ ..... (a) pQ,V, 

, " , 
Lil'1l~"I1n"vl\h;ilil'JI'1l~'VI1~,j1V1[;l'1llJ (1) LLi'l:;[;l'1llJ (2) L'IhnlJ Q, LLi'l:; Q, nL'IhnlJ ~~tlJ~ 

n1~LU~UlJLLUi'l~tl.lLl.IlJ~l.I~:;...,~1~[;l'1llJ(1) LLi'l:;[;l'1llJ (2) i'll.ln1~ (a) L;UlJt~LtllJ 

IF =0 

" ... (b)""~'1l F, +Wsin8-F, -r~ =0 
, " , 

1lJL~'1l F, = LLNn[;l~lJ~~l.I'lI'1l~U1V1[;l'1llJ (1) 
" , 

F, = LL~~n~~lJ~~l.I'lI'1l~,j1V1[;l'1llJ (2) 

" " 
W = U1mrn'1l'1l~l.I~i'lU1 MNPQ 

F3 = LL~~L;yj'1llJ~~LLlJ~l!mri'lnl.J~lJ 
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, . , 
Lil'il~"l1nf'111lJ~n'll'il~u1i'i1il'ilU (1) LLi'l::liI'ilU (2) Lvi1nu "l::1~ F, 0= F, IIlJn11 (b) 

L~uuhllJ1~LtlU 

0=W sine - Pl.t; 0 

0=yALsine - PLra 0 

MLH,,(1-2) -PLr 0L 0 
0= 

0=yAH" (I - 2)- PL'a 0 

0= yRS ...... (c) 

0= 0=A f",jJ1~L1I1'il~n,{ (hydraulic radius) 
P 

HI. S f'111lJi'l1L11'l1'il~LI1Ui'l1L111~L1I1'il~n,{ (H.G.L.)0= 0= 

L 

"l1n Elementary Mechanics of Fluids LL1IU HUNTER ROUSE 

v'r'a = Ip­
8 

...... (d) 

IIlJn11 (c) 0= (d) 

. V'
jP g 0= yRS 

v' 0= 8yRS 
pi 

8pgRS
0= (LLVlUl'h r = pg) 

pi 

v ~8gRS0= 

f 

0= ~~JRS 

0= ~~ 
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v = C ..}RS .... (2.1) 

\'ll.ln1~~ (2.1) bth.l~'VIn1Hi\ltl1ltJ~~ 1 hh1bU\l\'ll.ln1~'lJ'1l~b'll~ (Chezy) 

~1~f1Hi1 C ~ 1Ll.I\liJ.~ (Manning) 'ttl~1n1~F1W9~1LIl'l::'VII1Il'l'1l~'I'llJ'h 

1.49R 1/ 
6 

C = ..(2.2) 
n 

n) \'ll.ln1~,]]'1l~ Chezy (Chezy Formula) 

V =C..}RS 

v rl~11.11~~L'il~tJ,]]'1l~n1~'t~l'l (m/S) 

C i 1.It1~::i1 'VIlfrl~ 11.1 'II!']] ~::']] '1l~ Chezy 

R ff'li1'11l'lf'11\'l~f (Hyduaulic Radius) 

S rl~11.1l'l1111,]]'1l~La\l'l'l,r~~1\1 ~1~f1Jn1rW~bU\ln1~'t~l'l 

b1tJ1J\'l~1L\'l1.l'1l\'l11.11~rJ H"rl~11.1l'l1111'lJ'1l~vr'1l~J1 S" ~1'1lrl~11.1l'l1111,]]'1l~il~J1, S. unu'ttlbl'ltJ 

']]) \'l1.ln1~'lJ'1l~ Manning (Manning Formula) 

v ="- R'/JSII2 
n 

v rl~11.1L~~b'il~tJ,]]'1l~n1~'t~l'l (m/S) 

n .i1 i 1.It1 ~::i1'V1 ifrl~ 11.1 'II!']] ~::,]]'1l~ Man ning 

k = 1.0 ~1~f1Jn1~~1\1~ruili~tJmj~m'1l\'l't'1l 

= 
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"1t1~~ 2.1 Fhi;.J1.h~~V1tFl~1;.J'lJ\'lJt~'lJ'fJ~LL;.J'Wti~ (Manning's n)~1l.-1:fU'llV.I11'lJ'fJ~~'Wi1~VI1~~1 

'lIV.111~1~l 

F1~'fJ~~'W~~1111"~~ LU'W~'WtJ'Wnt~ ~tJ'Wi1'W 

F1~'fJ~ ~'W~nIJFI~'fJ~l1~'WtJlJnt~ 111 .,~~l1'l-1'l!1~'W 
"'" , .... , ....... 

F1~ 'fJ~ V1~ 111 ~ 1'W'l-I'W~~~ ~., mL"~ ~~ mJU 

F1~'fJ~'lJ ~ ~11Ji1'W'lJt'lJt~LL~~ttJ rii~ hil'l~1 LI'l;.J'fJ 

...• .• 
. t1~'W1'l-1t'fJI'l~~1'W'W1 . .. ..~ 

F1'fJ'Wnt.,~~ LttJU 

1m~il11LrtJu
 

1~i1~hiLrtJU
 
• .1 .. ~ ..
 
L~'l-I~tuF1t~~~n~;.J~~LttJU
• 

L~ 'l-I~ltJ F1i~~~ n~;.J i1~ LU 'W~tl'W 

. ri'fJ'lIV.l11lli1~l . 

L'l-I~n'l-ll'itl hi'il1U i1~ 
<J , ........
 

L'l-I~ n'l-l~'fJ'il1U ~~LttJU 

L'l-I~n~1hi'il1Uil~
 

L'l-Ifin~1'fJ1ui~n~~
 

"* ............ "
 
V1'fJ~m~'fJ~~~LttJU 'l-Ittl'l-l~'fJI11LLm 

~'WL~11-if.yhri'fJ~1 LI'lLFItn
 

~Jri'fJ H\U'Wri'fJ~1LI'lLFItn
 

F1tl'Wnl-V1 

1~ -r--v­

'i'l1l1'Vl 

iii thlJ ml1~ LLrl 

0.017 0.020 0.0225* 0025 

0.028 0.030 0.033 0.035 

0.025 0.030 0.035 0.040 

0.025 0.030 0.033* 0.035 

0.035 0.040 0.045 

0.0225 0.025* 0.0275 0.030 

0.012 0.014* 0.016 0.018 

0.012 0.014* 0.016* 0.018 

0.010 0.012* 0.013 0.014 

0.Q11 0.013* 0.014 0.015 

0.011 0.012 0.013 0.015 

0.0225 0.025 0.0300.0275 

0.012 0.013 0.014 0.015 

0.011 0.012* 0.013* 

0.012 0.013 0.014 0.015 

0.0170.013 0.014 0.015 

0.009 0.010 0.011 0.013 

0.0170.0140.011 0.012 

0.0150.012 0.013 0.017 

0.015* 0.0160.012 0.013 

0.012 0.0130.010 0.011
--.L---,,...------L__J-__----l_-.I I 
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~~ 1'l1~mm),1\tILoifl1.lm mJhnJ L~!JU ~ fl rn r~hU1.l~ l1.lr:;",~1~ 11 nU~ fl n1r ~<h LU1.l~ 11.l'1I'i1~ r:;UU 

'I mh:;Vll1.l'1l'il~ t~r~ mr~1.l 

L1.lt~ N rn r'l mh:;VI11.l'1l1.l1I1lLml) '1h1.lL", '1i iJrn r'i'l1l '1l11l rl m r1",fl '11'11 ~~ 1~~ Y'!1 :;~i~~ 11.l 

LVh~1.l ~~i~~l1.l~1.l'il1"" :;LU1.l'ill~1 rr:;U11'J ~ 1 (Outlet Structure) Vll~ l;'h1.lVlll'J'1I'iI~ L;'iI1.l 

"'~'1l'1l1 ~1 nr1.l~ 1"1mL~~l 'ilth~hil 'l1l-J !T~iJU1~ t~ r~ mrM11l'1l'l n nl r1", fl'll'1l ~~ 1 'l1l-J", 11l~ 

t1<l'il1'J 1t1!T~ 0-n (Lmet'lmr) LVI ~u~ L1.lmr'i'l1l~l'1fltlr:;VI11.l~dj1.lLVI~U~~I1'i11.l·jh~jml-J1111 LLldl 

H n1.ll-J 11.l11.lLLi\'~ LLiil il!T~m~N nl r'l fltl r:;Vll1.l~n",j\ll'Jt~ N n1 r~1~ L~ I'JUl LVI ~U~~l-J 1 

Loifl1.l~ 11.lU1\~ fmetl LL j\ :;1..1~ u1irn r'l fl 1..1 r:;Vll1.l 

L1.lr:;u U'I fl 1..1 r:;VI11.l'lh1.lL", oJ ,,:;1..1 r:; nsu I1i ~ 1'J'1l1 ~ 1rtl r:; n'1l UmJ", flll'J 1..1 r:; Lll VI 
f " " , 

~~l'lll-JlrtltlfuL ViI'JULLfl:;'1hU1.l'ill ~lr'i'I1lUl111i (a./Vi 2.4) t~I'J'r1~ 1t1LL~~ '111 ~lrtlr:; n'iluVi,,:;Y'!u• 
" io' , ... , 

111il-JlnL1.lseuUm nl~Ul ~'iIti r:;t:JUl ~~ L1.lU1~ r:;uu i:itl r:;t:Ju111u ¥'1l1'J 1..1 r:; t:J LYI'1lLoifl1.l rn r~~ u ~ l-J., , 

mr1"'fl'1l'1l~Ul 1I~1.l'il1~lrtlr:;n'ilu~1.l11'l1l-JlrtlUll-Jlt1fUL~l'Ju111i L'1I1.l vi'ilfl'il~ vi'ilL:n'ill-JtP1~fl~ 

(Inverted Siphons) 'iI1~lrfll1lr:;~u ~11'J LLfl:;'iI1~lrYi~ulL1.l~~lmij1.l"r~LL~~ 'il1~lrtlr:;n'1lu,. .
 
L~ il 'lll-JVi~ ~u ~l-J rn r1",fl'1l'1l~Ull'lll-Jl sml fu L~ I'JU l-J1Loifl1.lm r'i'~ 'ii'lrl m r1",fl'1l'il~Ul111i 

" I " , 

nl r~ ~~~ L~~'1l~iJ'1l'i'11l'1l'l rl nl r1", fll-Jl 'l rJl1.l L'111.l n~ 'i' I1lU 1 u s :;e,h I'J Vi 1I1ifu 

nl rtl fu L~ I'J U" 1 m\ '11 ~ VI 111 fl '1l ~ LLl1 ~ il1~ ~ 1 Li:l 1.l ~,,:; ~ '1l ~ H n 1 r il fu LVi I'J UL1.lI'l1.l1l-J 

1.l'1l n"l n~l (1) 'lI1.l111l'1l'1l~ L~1'1l~iJ'1l1~ Qn tlf'1l~"'~'i1 (2) iJil,,4'I'J~1.l~ LL'l n iill~"l n nlr'i'~ L1.l 

, '" " 
'I\'iI~VI~fl'il~ ii'ilL~1'J ~~ll'1'1!L1.lmrL-nL~~'iI~iJ'1lm<lli'l t1r:;mmm~'1l p'hH<ill'J LLfl:;ti'1ll'J~f~,,:;l1 

nlr~ '1!L~I'JY'!'li~~l1.lL~ l-J~1.lL~'1l~"1 nmr1"'flL1.l~fl'il~ ~~ LU1.l~ i'lL'l\r:;~U~ 1 iIIl1.l~ ",i'l'1l~ 1~~~1.l 

LLfl:;vhL'1\ ~ ~1l-J "'11'1l~ ~ fl'1l~ fl 'lfl~ L1.l U1~ nHi! L~1'1l~iJ'1l'il1l'ii mlrn r1", flU 111 ~1.l~1~ 1Ur't~ L~ l-J• 

~1.l~ 'I11L'1\ ~ ~ 1l-J "'11 '1l a fl'il ~'I fl 1..1 r:;Vll1.l ~ ~ 11.l~ OJ 1ill ~ 1 n~ 1 ~'1l'1l nLLuuB II~1.l ",~~• , . . 
L;j'il~"1 n~VI flY'! fl'1l'il~ nl rLn I1lU1 U'il1.ln 'liU"l nVll~Ul LUI1l LLUU ~'1l ~'iI11l LLiil II~1.lL",'1i LLl1 ~ 

":;L~'1l~l-Jl"l nnlr'1l111l nlrU1Nfmetl Vll~~lJ1.l ~~ nlr'1l1 ~ nlrthNfn'letl":;'I11L'l\Lnl1l ~fl 
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, . . 
1~~ltlil'1mJ~ij,l1,ir'1lMN1'11'11'1l' 1'1~1lJ~nn111 ~~'1I'1l,'Il1 LL~:;'1I'1.\1 (11n1nu (111J1'1.\ Iii,U'l.\ 1'l.\1:;Wl1,• 

n11Uf1JLViU1Jl'1.\iI'I.\1lJ MIi19:;c;i''1l,1'1i11'1~1lJ~nn111~~'1I'1l,~1 '1,2 9(11 1'1~1J 1'11uri1J'fi(1111n111~~ 
• 

LL~:;'1I'1.\1 (11n1nUIi11J1'W ~~,91nn11Uf1J LnU1JIl1I'1i1'W1lJ Lil19ii'W~,LL~~ 9:;1'(11 L.wU'I'1~1lJ~n n11 

1~~'1I'1l'~1U~:;'1I'W11i1 n1nil (111J1'W LL~:;9:;il1lJ11b1 Fh'W~ ru'fi1i111n111~~ lri1[(11uli1N 
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~ ~ ~ ~ 

n~~LLI'l,J1LLl'l~ (2) n1~1'1i1'1l1i1~1 n1~1 V1l'l rJ1u~Wlli1,J1 t'liu ~1~,J1LL1J1JYi1fLL'lIl'l V11!ln~,J1Ltllll hi 
, . 

iJ~!l (XtiVi 2.4) lJ11i1~1'li1n~~LLI'lU1lJn"l~~n1-n1un1~1'Ii1'1lli1nn1~1V1l'llJ1nn~1 500 ~1i1~.J!l';ju1Vi 

1UVl1~Ii1Nn'W'ihlJ n~1'Ii1J1i1~~11"l~~n1-n1un1~1'Ii1'1lm1n1~1V1l'l~U!ltJn':htl~~l-I1n.l 300.500 
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~1 .... fun1~i(11<fllilnn1~1""i'l~ilA1~1 (U"ltJn~1 1 ~1il~lli'il"il'U1~) L~1111lJ1~~H . 
~~Vii'l111 ~ n1'Un1~i(111~ .... 11'~"l1n~uli'ilu11X'Il.11 .... i'lL-n11u1'U~~ dl'UL~i'l1""i'l1U"il'U1~ ....1'il""i'l1U'U1Yl. 

, . 
~11 'U~~"l::~ m:n1ulil~~ L~'1l~"l:: 1~'VInUmlJ1Iil~~11'U~~ Vi i'l111 ~ n ~~ Lu'U"ilfi n1~~nU~:: tU'IIU~. . . 
H~1 .... fUn1~i(11n1~*~~lJ"l1nU~::1iJ~1 Lri'1ltl(11U1'UU~::IiJL1UU~'1lULL<1~ . . , 

mr~ ~'1l LLi'l:: ~ij'1l1 'Un1~1'(11 mlJ1 ~.llj111 1lJ1 ~ n11X~ 1 LL'U::'Il.1HilJ1 nlJ1m1~ 1'U L1'il~ 'II'il~ 
, , ... , 

L'VI AUA LLi'l:: LA1'il~ ij'il~U1lJ11 fl'Un1~i(11<fl1il n rns1.... i'l'lJ'il~'Il.11 '\,l'rl~~~il n1~ufu L~ uu1'U1I'U1lJ . . , 
~~ LL~~1lJ 11il ~i (11 n~::LLIl U1LLi'l ::n~ i (11U1 "l::ttl 'UYluulJH1un1 ~i(11'1iIiln n 1~1""i'l1 'U~::UU 

'IIi'lU~::'VI1 'U LLlli r'i!T~ n LA1'il~ il'il LLi'l:: L'VI AUA~ run nlJ1U~"l::1I1lJ1~llU 1lJ11fl~ 

2.2 n1~ilnA~1lJ~nn1~1.... i'l 

1~iIn~::~UU1lJn"l::'Il.1lJ11fl'Un1~iIn A~1lJ~ n n1~1""i'l'lJ'1l~U1 tlnU"l::~1~ H~ (11 riUI:JU~'lJ'1l~'il1 A1~ 
,''' ...... 

'IIi'lU~::'VI1'U ....1'ilU'ULII1~ Lii~'ilU Iil~~ ni'l1~ Ai'l'1l~'IIi'lU~::'VI1'U -ii'1l1~ Lmuu LU'1l~til'U'lJ'il~1Mm::fi1uu1• 
1i~'il~1Ulli'1l n1~"h'UA1 (~~lJ1U~~@llilm~~~u) ~~m .... !'J;l 1MIn~::~u~1~~lJn":h 11X'1i1'UA11'U 

wtl~U'lJ'il~~Iil~lli'il"il'U1~ (Ips) t(11Um~lJ1nn~1"l::d'l'UA~1lJ~nn1~1""i'l'lJ'il~J1 LLlli (1) "ilfiilH 

1IIi1:Ji'l1l1.... fu n1~1.... i'l;a1l~:: LLi'l:: (2) LL~'Ui(11~::~UJ1"l::til'il~1l.n'Vi1lJ1Y1 tl'lMIl 1. .... fu'1l1 A1~u~::n'ilU 

LLllii'l::'IIUIn (lU~ 2.7) LLi'l::n1~1'In 1i"l::til'1l~LU~U'ULLUi'l~Lri'ilL~i'l1~1'U1u 

g0-Ej lS!
 
END ~£w PLAN VIEW END VIEW 

http:i'l'lJ'il~'Il.11
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'!lU1'W~1"l::"l1~1'l~"l'W'1iTWFhhMI tlhm~'l~'W'!ln91nn111'l~'VI'Wm(;1~~1M(;11::~U~1LLi1~ 'VI1~L~'!ln. " 
I , "'" 

~'Wii~'!l n111'(;1"l1 nl!ll1 (;1W,rn;P'W~ '!l~ u'Ww.r~'1I'!l~ '!l1FI 11t11::neuU'W I'l~ 1il ii~ 1:: ~U~ ~ il1L(;1U n11 

HLLllU1'(;11::U:: 1!1~ (;1l!1in"'1'WU'WCJU~"l:: iXM~1~~~ rlm::~u FI~1~~ nn111V11'l~ l'I'WU (~~ (;1
~ ., 'II ~ 

..., " .... .J .... :',J...l.... "', ... "Id
m'ln~1'W'!l1~ '!l~) 1'W'!l1 Fl11'V1"l::~ (;1'W 'W LW'!l 'VI LL llU~ (;11::U::"l::11 1 ~11111 ~ Fl1FI ~ 1 ~ I'ln rn H ~ I'l 'VI 

t,] n iX'!l~ 1t1i' L(;1tJ,*~1 il ~11 (;11!1;n~1'W"l::iJf'!l~Yi1~ 'l.!;m~rul'l~u'W~'W~'W L(;1tJ n1111in~~~1'!l'VI1~ii1t1i' 

~~,r'W 1u'1l~~~i'J n11t1fw~UU1uIl'W1~ II~ (;1u'W~ noii'!l~I'l1uIl'W1~"l::iJf'!l~ll ml1mLoin. 'Wn11,. . 
I io' ' ' '' 

~1 (;1ltltl1::n'!lU'1I'!l~~1LL1!IU~~1ff~~11 (;1l!1in~1'WLLliil'l::'j (;1 (ltl~ 2 .8) ~~U'W oiimL'W::oW11'Wn11u'W~n. ,.

oii'!l~I'lI'l~1'WlIl-I(;1u'WVI nu'Wii~'!l FI~1"l::1::~ nBLlIl-I'!l~1 ~~"l ::'1i1'WlIl-I (;1 L~l-Iu1 'W~ n~1'l1uiH1~W1:h 

'II ~ 'II ~ 

FI~19::1 oii11"lii~nul'l::L~u (;1lii1~1 tm(;1tJ~1tJ LLI'l::1I1l-111mh~1'WJl1 FlII'W1~ 1'Wim~ru::L~tJ~ rl'Wttli' 

L(;1tJ 1~ l-Ittlii~ n11'V111U ~1 LL~U~'1I'!l~~l-I (;1~; n"'1'WLLliil'l::"l (;1 ttli'." . 

Q • C]J)-

1t1JlTl'itl1::nsu ~1 LLW1j~'jJ'!l~~~ (;1l!1in...1'WU'j-L~ ru tIi'1'WL~U '!loW1LLI'l::Vf1tJoW1 'jJ'!l~. . " . , 
il 1:: 'loW1 Yl'l11 n111'(;1 FI ~ 1l-1~ nn111~1'l1'W1I'W1 ~ 

• 
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'" I , '" 

thvt1m:;tiilJ~~U1 ru 'jIilViyhnwrM~1~~nn11tVl~hiL1tJlJ i1n1m1:;LVitlmtl~~~U1 

~iM~ 1'\:;1-11'1' tlLlin 1 VI1tlLr11tl~i1 tl-J1il1::: IiilJ~ 1111f~'U (Piezometer) ~ tl L-if1rim.i tl Liln'\ l'\tllJ 

(Stilling Well) 'Vitldl'\1m1tl ~tl'l'l:;~'\1nn1LLVWJltl~mr11nh:::ntllJ Vl1tll'\1m1tl.JtlL-if1 rilJr1~tl~, 

'IImh:;'I'l1'U (ZtJ~ 2.9) 'i:liltJ~~ttJL~i\'~ 'Vi'1ll!n'\:;i1L~wh'U~mrn~1~tJ1:;~1tu 5.1 0 i'j~i1L~ Lilr ~~ 
g,. , I '" I 

m:;LLl'\U1U 'U1.J~ I.Im n Vl1'1l1j~ ihu1i1n11m:::d;;'1l~~1m vh 11 'lI'U1Iil'llMvi'1l'\:;11f'1l~11i n~~ LL~-if'1l 

L~ tiLmtJlJ11.1n11H"vi'1l '111.1 11il LIinmn ~'1l (1) vi'EI'1l1il1ii1.11 rIf~ 1u (2) 1:; Iiiu ~ 111.1ti tl Lil1~'\ l'\'1lU, 

Lti~!JI.ILLtJ,wih n~ 1r::: IiilJJ1'\1~~ ilitl~ n111Iil 

o 
o 

v 

v 
• 

I I 
(n) ~A1twwrm::~liJJ,'l.l~1,IL1~~'r)'iIft'iltJ 

whJ.tnuunft'l:;:,;'ulh 

WATER STAGE RECORDER 

- r-
v v
• . 

PIEZOMETER 

-
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f 
2.3 ~1~~~'l.J1!1'U1 

v- "' , III 

~1~U1 ;';'iI 'II1~U1LiJ(il~'1lj:1~~~!J1lJ ~'il1.In~'I ~j\'il1'1l~:; ~~tJn~1i'j"11.1L~;j'il~1.I n~U1":;.. 
1,.1 ... I , 

H'ih~fu~ 1 L~!J~ u1ii1l-1 ~ 1n1 ~~j\'ilLL.J U1 n~~l-1"111 iii ~ji'il LL 1.1~ ~ Li'l1.l'lU ~ '111 Li'l1.llif1.1 :n~ 11.1 n1 ~ 
... ... ... III ... 

'iI'iIn LL UUn~ U1":;Iii'iI~ '1l1l-11 ~(1 fuU1~11n Wi~ L'iI~ LL'1l:;U1~ 11nU11'1!Jl1Y11.1LL '1l:; 1'111.1Li'J 1.1" 11.1~'iI~ fu.. 
~~,,:;d1mL~~r;i'il1tJu~'I'iI.J'iI (Piers) ~1'iItl'1~~1lJ (Timber Trestle) LL'1l:;11.1lJ1~l'1f~u~,,:;Iii'il~i'i(il 

... ... , I I 

LLN'1ll-1 LL'1l:;U 1~11niil-1:; Lii11tJ ~~!J n~ u1~H'1lJri'il '1l r1~ ITn" :;l1~u1 Wi(illtJ ~ L~ ~!Jl-1 ~1.1~1 

'1l1l-1L~~!Jl-1~ji'ill'1 i~ ~~ n'1ll-1 "II il~'lI'i1~ 1lJ~H IiLL'I n r;i1~ Ii1.1 LLr;i~1-n Ii1.Il-I1n ITn,,:;1-nLlJLL~~ ~ji'il1lJ" 1n 

lii1.l'1l1.l (Cypress) ~1~fultJWimt~1tJ'lI'iI~~1~J1~~'1l~~'iI~11.1ltJ~ 2.1 LL'1l:;~1~J11'1'i11.1n~'IL'1l1'l-1 

L~~n ~~ltJ~ 2.2 

Metal lie rod 

V;;:;:~I-r Timber 
flume 

TimberTimber 
lTes1letrestle 

Concrete 
pedestals 

('Il) "n~lInlO(0) m1ll' . . 
ltJ~ 2.10 ~1~U1LLUUr;i1~ 1 

... ... ... , 
11.11.J1~ I'1f~'il1",,:;l1 chiJ ~n~u1 LL'1l:;1'1 '1l'il~l'l~U1 LY1'i1 M n1~~:; L~!J l-1 '1lJl1~:; LL'1l:; m ~ 

Li'l'il nLL.jj~~1'1l 'I LL'1l:; ~1iJ ~~~,,:;Iii'il~'iltl'1l~n~1~:;~uJ1'1l'l '1l ~ L~'il1'\\'Ln~'1l1l1~ n1~1~I'l11.1'1m J1 
• 'U qj 'U • 

~ 
nlfrnfl'l' 

, . 
~tJ~ 2. 11 ~1'1U11'1'i11.1n~'I• 
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• 
2.3.1 ~1~':.hr1'!l'l.ln1'l (Concrete Flumes) 

,...	 ... , I 

01'lili 1'11'l.11 ru'!l'!l mLuubb~:;ri'!l\'lh~'lllf~"li'~ 1 bb~1 ~1~1l1 r1'!l'l.ln1'lbiJ'l.I~1~1l1ii ~ii~ ~ 'tu 
II ...	 I , 

U~~~1~1~1l1"1 n'JIil~ Lbl'ln~1l1 r1'!l'l.ln1li1 fiih1 r11Lb'YNii ~ ~ 9~L VllJ1:;ii"l:;l'lf1~ 't 'l.I1'l ~'!l~1'l1U't VI rU 

~~l'i~~1 'l~'!l ~L1~1 't'l.l~ c:J'JI~tl~:;'\'l1'l.1 
, ... '" 

1~ u'\'i1 'l tln~ 1l11'l'!l'l.l n1'l i1ttl.T~'1111 ~ d'l 'l.Ittl ~ LVI ~mJl.Jl.J 'il1 nii c;1' ~ LL il ~ ~ Li'l'l.l 

sil r1i~1~nm.JVI·h~tlI'l1l.J LVI~Ul.J fii1 LVli1'!l'l.lll'l.l ~1~~1 r1'!l'l.ln1li1'11'l.11 ~ 't VI nl (If'!l~ dj'l.l~1~ r1'!l'l.ln1li1..	 .. , 
LI'li'l.JL'l!I~nn1~1'l~1~~1~1l1r1'!l'l.ln1m11LiIi 2 ~fi i'i'!l"l:;VI~'!l.T1~1~1~m'\'1I'l'!l'l.ln1li1~~'t'l.lbbUU ru ii 

ri'!lI'l~1~ (Cast in Place) VI'jl'il"l:;VI~'il.T1~1~Hri'il'l.lLiJ'l.Ivi'!l'l.l1 (Precast Units) ntM' b~'!l"l:;l'lf1~ 

9~ri'ilu1l1Ltltl~:;n'ilurl'l.l ru ~ri'!lI'l~1~ n1~1'l~1~n~J1r1'il'l.ln1li11~uH'r1'il'l.ln1'lVl~'!l~1b~"l i1oii'il~ 
, , ... ... 

'!l!.ltl~:;n1~nw~ i'i'il bi1'iln~ vi'il'l.l't~~1~~"l :;'Ii'ill.J u'JIl.J LlIf~1mL~ :;~1 ~ b~1 i'i 'ilViU ~ l'i~1l1 ~1'l.1n~1l1. .	 . 
L~ U-I1'11 ru:; u~11u1l1L'!l1~1 ~vi 'il'l.l~ VI~'il 'loj'LL~1 til btl~U'l.I visu~~ 1t~ ~1~J1r1'!l'l.ln1li1Xtlr1i~ 1~ n~ l.J 

fim"l'tolfl'i1'l.1~ n~ '!l~1 L~"l~~1l1Ltl11~U'l.l;j1'l.1r1'!l 'l.In1'lLlIfb'Ii'l.lL~ m rl'l.l 

., . 
" "'" .clI "'"2.3.2	 ~1~'l.I1m1~U'l.l~'l.I~'l.I (Bench Flumes) 

... ... ... , ...... 
~1~U1'\'1n'JIil~m"lI'l~1~~'l.IU'l.I'i1'l.1~'!l~fu• a 'ltl liI1l.JY;'l.I~'l.Iiii1m1l.J~1111b'\'1LlIf ~1~U1 Ln~1U 

lhi1 '11 'l.I1 ~ 'tn rU"l:;vh M'1ur1'!l'l.ln1li1 Lb~:; 1~ul.J1 ni1ttl.T~'1111~ dj'l.lXtl~bVI~Ul.Jl.ll.J'il1 n bbl'l~~ 1dj'l.l 

ml .,J c; .... II o:lI "" ~ I .... J' ~9 .... i; iI J' 
Xu I'lN1~ n ~l.J nl.JU1~ bVll.J'il'l.ln'l.l n~'l.I1U1~ u VI~l.J~'l.Ib u'l.ll'l 'il'l.lmlil ~ 1 ~'111~ ~1~ ~ 1'l.1'11'l.1b'111 

(Uphill Side) ~1~M'1Ur1'!l'l.ln1li1 '\'11~lIf1'l.1~~b'1l1 (Downhill Side) dj'l.l111bb~~I'l'il'l.ln1'l~~liI~~ 

Y;'l.I~'l.I'ttXi1Y;'l.Idj'l.lI'l'il'l.ln1li1bb~:;i1 111bb~~r1'!l'l.ln1li1.T~ li11~I'l'!l~-lh~ ~1~ fi'lM' liI1l.Jtln ~oii1~VI~~ 111 u~~ 
... ... II	 ... 

r1'il'l.ln1li1 M'1'l.1~'l.Ib '1I1'11'!l~n~u1tl~:;LJl'\'1ilLiJ'l.I~'l.ICll.J'ei' ~ uU'l.I l'i1'l.111111 ~~ r1'!l'l.ln1li1 lIf1'l.I~~ b'1I1.T~ 'l ~ 

b'ilU 1 LLl'l1J1~Vi'il1"l i1~'l.ICll.J'ei'liILLu'l.I-lh~VI~~ 111 u~~ 1'l'il'l.ln1li1J~I'l'!l~oii 1~ VI'jl'!lhiCll.J ~'l.IL~U n'ltlfn~ 

~1~ ~~ Uu ~'l.I~ u bVI ~ 1dr11nl~1 ~ 'l ~ U'l.I~u ~ 'l.IliI1l.Jfi ~~l.J'JI1 ~ ~ '11• ~ VI'jl'!l bLl'l ~ 'l ~'il!.l1~ ~ U'l.I~ u (ll.J'ei'~ 

, . 
2.3.3 l'i1'l.1V1'jl'il~:;U:;b~'il~'l.I~1~U1 (Freeboard in Flumes) ,.	 . 
~:;U:; b~'il ~'l.I '1I'!l~ ~1~U1 i'i'!l~:;U :;"l1 n~:; c;1'UU11'l~ I'l~ 't'l.I~1~ ~~~:; c;1'u U'!l~ 111LL~ ~oii 1~ ~1~ ~:;U:; 

,... I io'	 ..." 

b~'!l l\'l.IU lIf'!l~I'l~~ 'ilViU1"l:;hJ ~'l.I-lhl.J 111 u~~oii1~n~ 't'l.l'jJ ru:; l'i~U1 ~1'l.1 ~1~ btii l.JVi liI1l.J tl n ~ ~:;U:; L~ '!l 

~'l.I'jJ'il~~1~U1"l:;i11'i1l'l1~ 1 rl'l.l "l1n 0.05 bl.JliI~ (~1V1fU~1~U1'jJ'l.I1~b~n) ~~ 0.60 Ll.JliI~ (~1V1fu 

n~J1'jJ'l.I1~'tVlrU) 





• • 
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, 
" It" 0 <=II "c;' "'" = 
~'il'il mLUUl.J1~ fltI ~'II~liIrfl1t1~rur:;U:;L~'il"tllliIUl-I L<l1iI m1l-1Lr~ (Velocity 

" d "" ~1d" d"J" do .... :: .J.Head) b'1l1l-11Lnm'1l'il~mu IIl-Imrm tll'lh,nr:;U:;b~'il~tll'ltl'ilUl'l1l1il1l11-1rm1~tl11m-1:;nJflN

~~n"l-I (United Nations, 1973) ~'il 

F = 0,100(0,90 + 0,10hJ ,.... (2.3) .., ~ ~

1t1b~'il F = r:;U:;b~'il"tltI'ilUII iii• 
~ 

0 = 1~tI~1 ~tlUn"1~'1I'il~r1~-W1 
0

h, = L<lliIm1l-1Lr1 

~~L~UtllIl-Imr (3.1) 1I1ii.mJr;i~~ (United Nations, 1973)
 

F = O.20d'(O.90 +O.lOh,) .... (2.4)
 

"uJr~m:;U:;b~'il~tI (F) '1I'il~r1~~1 IIl-In1r (2.4) ~'il1~H'rlm1~~1rtl*b1-1~Ul-Il-Il-I~1mb,,:;r1~J1

1lJ~iJ Lwil nflil1JrJr~ Unrl-l'll" il r:;1'l1t1iJ ~ iiir1-11r:; u:; L~'il ~tI'1I'il~r1~~1LL,,:;'1I 'il~'il1 fl1 r'll" il r:;1'l1t1 

F = 0.15 d +0.20 bl-llilr ... (2.5) 

F 

d 

= 

= 

, &> i.' " 

Lr'il~ V1 bnm rlU r1~-W1t1 'iln~ 1ni:lr'ifI~iJ bLol m r'i1"11rru1LnU~ rlU f1~ 1l-1~tlfI ~'1I'il~n~ b'Jitl 

m rfU-W1 1-1'1!n rn ru'il~rltlmrmlillii~ rn r~1t1~rum1l-1 u~~ bbr~'1I'il ~Y1 tiLL":;1111L'W ~ Jr1 't.I'ih~'1I 'il~• 
~ 

n~r:;l.J1U-W1 

1Jrnfl1~ l-I1bb~~~ 1br1'il1"1"1:;11 ~1~ r1~J 11iffI" 'il~ i1 ~~111-1 "if1l-1ii1~ 1finl-l'll1 [;i1-1r'il1ifii1 

~1 firrl-l'll1 [;i11-1"if1l-1 f1"'il~ i1~~ 1r'i1Jr A'il{hthu1iiiiJr:; r;im1'il~ ~111 ~ n~ 1r:; r;iuJ111~ II iii '11 'il~ ~ n ~ 1U 

1-1ti~ Lb,,:;iJilil-l1 ruJ1U'ilUn~1~ nthU1-1ti~LL~~ fI~rll r1~n~~11IX~1uJ'tl1 1-1"if1l-1~ n ~1U1-1ti~ 1t1 
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tlr:;mru 0.016 \\l'iti'1n~r:;1J1tl~1f'1'1l\m1~~h.iiJn1rtlflJij~~1'1ljh'1lmL~n l'i1~ 1 "I:;"; 11'1\A1 n 

J' .... '" :: '" d... "" ~~'lI\l~1~~Jl1'Vi t~ uil n ~ L~I'l~n~r:;1J1tl\l1"1:;M1~ \u\ln~ VI ~ P1~1 ~1'l1 ~ ~1\l 'lI1~ (Transverse 

slope) 1 l'i'1l 20 t~1tJiJPI~1~~~'lI'1I~'lI'1IlJVl1~Lvhtlr:;mru 6 in (15 em) ~~"I:;iJ m1~n~1~ 

'lI'1l~r1~r:;lJ1tl~1t1r:;~1ru 10 ft (3 m) Lrl'1lh.iii~r:;tl:;Lti'1l~1~\l 

~~~~"1\l'll'1l~ n1r1~I'lL\1.JlJ~J1L~~'1I1\lr1~r:;1J1tl~1"1:;11.1 nn iIi'1l~~ ,~m ~~~L'Vi r1:;1\l 
d • 

~Jl1'Vi"l1~LL~~ ~ 1'l'1l ~ LL \l~tJ1~'lI'1l~ r1~r:;1J1tl~1"1 :;iJ~1~1 ~I'l~ :;~~~1~~J 1L~ ~'11 .,; 11'1\f'1~1 ~ii n 

a ..,; J' :: <V ....

LLI'l:;f'1~1~ Lr~ L'Vi~'lI\lm~ f'1~1~ 1'l1 ~ 1'l~'lI'1l~ n~r:;1J1tl\l1 L~I'l:; f'1~ 1~ 1'l1 ~'lI'1I~ LI1\lr:; ~lJ 'Vi 1'l~~1 u 

A'1I\l.ji1~r1uLrl'1lL~tluriUf'1~1~1'l1~'lI'1I~r1~r:;U1tl~1 ~~t~mi'~1t1'Viu~1 ti'1r1~r:;1J1tl~1iJf'1~1~ 

1'l1~ 0.01 "I:;iJ~I'l1'1\LiiM~1~P11'l1mf'1~'1I\l'll'1l~~1'l~1\l~ru'e1~nn1rhl'ltlr:;mru 3% LLI'l:; 

f'1~1~ f'11'l1 ~Lf'1~'1I\l"l:;L ~~~1n~\lmh~r~~L~~Lrl'1lf'1~1~1'l1 ~\;('1Itl I'l~ ~~'1l ~r1n1r 1~I'l1\lr1~r:;U1tl 

~1"1:;il'1ltln~1~~1\l~ru1c1i"l1n~~n1r'll'1l~ Manning mn ~1~fu1\lu1L~ruVl1wih(Inlet) "I:;iJ 

~1"11nr1~r:;1J1 tl~11~ I'll'l~~ 1r~ ~~:;~ ~ Lii~ LU\lLL'1i~~ 11\ln~ r:;1J1tl~ 1 f'1 ~ 1~ ~ n'll'1l~ ti\l~1"1:; tJ n 

• 
2. YI1~,h.jhojh~f.l\l\l (Street Inlet) 

~1 ~1 ~I'l "I:;r:;1J1tl"l1 n f.l\l\ll'l~~ 1r1~!J~ Vl1~~1L·hii1~ n\l\l~~ "I:;1~I'll'l~ I:'lYi'1l~1'11• 

- YI1~~1\oif1LLUU~:;LLnN~~\lf.l\l\l (Grated Inlet) iJi1'n'letru:;LU\l'll'1l~LtI~~iJ~:;~~nN~n 

~~ltl~ 3.4 (n) 

- Yl1~~1Loif1LLlJu'll'1l~LiI~~'lI'1IUYI1~ (A Curb.Opening Inlet) iJi1'n'letru:;~~rtl~ 2.13 ('lI)• 

t~tl"l:;L1Mh'll'1luYl1~LtI~'ll'1l~1'1\~11~1'l1'l~~r:;lJlJYi'1l1\li1'n'letru:;f'1~1tl 1 riu ~1tl~1~\l ~iJn1r 
~ ~ s­

~I'lL'lI1I111U'll1~ 

~1LL\lU~'lI'1I~YI1~~1L.jhoif1~f.lU\l iJLLu1Y11~1\ln1rV1"11rru1n~1~mn tli1tl"l:;~\l'1ltlriun1r• 

r;i'(ilii\l1"I'lI'1l~ ej'1l'1l nLLlJU !Pi~ L'llU 1\lnni111~f.lU\l~~1 f'i'ru"l:;n1\l\l~ 1'1\P111~ n~1~~~~ (iI'lI'1I~ ms 
'lJ ... 'IJ q 

1\lI'l1\lr1~r:;1J1EJ~1 6 ft (1.8 m) 1\lVl1~r;i'ilI 4 uun f'11r"l:;iJYI1~Loif1 4 LL1.i~ ~~ltl~ 3.5 (n) 

1 
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Intercepted Sidewalk 
Curbprism Curb \Pavement / Sidewalk Pavementf 

A B ., .:.".o:"·· .• !•- C 
,D 

. , . .: 
" 

~ \; .'Cast iron 
" 

,
". 

.:: .,, 
Clay. tile. or 

.:~ .. .•.. ., ..•...•.. ..: Clay. hie, orconcrete pipe 
concrete pipe 

, ,.. 

Section A-ASection A-A 

Maximum 1.25" c-­

"1 1"'"(0_5 em) 
I-

Clear length, x .,., -­

1:1..­ 1 
'-----II-'­

r---­
,

1 '':._.- r­
'
l 

Plan Plan 

,• . • • 
(0) 111~lJl!'11111UUVl:llm~ ('II) llmhl~l11UU~ll~!~'l~'II11UllH 

, ., 
L:n~L'lnfi!l1"l"l::;L'\!Ifl!l'VI1~LoJf1LY;U~2 "l1i1 lii~nlVi 214 ('1J) L'I1r1::;i:i!l'hu1\'bu'VIi1~"l::;r::;1J1U1JUC:h . . . 

" • " " I " ), 

~ULL~~ LLfl::;l.u 1J1~flUVi n'1l1"l"l::;llll nLLUU'VI1~ LoJf1 L'il '111::;l.u fluVi Vi L'i'luVi II~ ll1 PIU'VI~ll fluVi Vi ~ 1 iIcy. , 
u'hwu 1ii~~t1Vi 2,14 (f'l) 
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Manhole 

\01
 

\00
 

lIJB 
I 

(f)) \ \0 

Inlets 

~4 

105 

100~1 ii
 
95 

~o 

-r ·r (TI) 

('II) 

"''' " , " 
'\\U 1~ P'l1~ "l:;'e1 'e1 n u U UVI1~ U1 boj1 dl\\'itn ~ru:;'l 'e1~"l {;j f~ 6J 'I 'e1 ~ Yl wVi ~U UT\.{h U'e1 'l1n , 

".... , ...
(Catch Basins) ~~l1JVi 2.15 ~~"l:;\i1W'ltll~TIl1~U1 bojf1"l:;illll:;LbnN~ n'lu:; bbl1:;YllJ'O'l1nU1"l:; 

~1~vi'O \\.1;1'0 f:; ~UVI'O~U'O \~ 'e1 ~n 'I U:;\\11:; 111:; n 'e1\\ ~'l \.111 \oj16J1 vhL~ \'\1m nnl1 P'l ~ 16J\'\ :;'e11 {;j 

'lM~1U 
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Curb 

•. 
Jl04ft 

01 I • ·"f ... ~ 

Concrete 
or brick 

Standard elbow •
•
•• 

2t04ft', 

L :',~~-="""""'-l:': 

Removabl.t 
cast-troo glate 

. , . 
o 1- .... .:11 

1. 'r'I1~U1L'lI1LLtJtJliI::LLnNVl't1UnUU (Grated Inlet) 
" I , " 

'r'I1~U1 L-ii1LLuu iii::LLm~Viihh::iiVlfi Jl1't1 ~ Vi~ IilUU "I::iIi'1l~illil::LLn N L'\.11\ n'll'kl1untJ'lI'1ltJ 

nuu LL<1::ilm1l-J!J1~'lI'1l~'Ji'1l~LUIil~ ...h~'t1'il~"I::1-..1J11 '\.1<1 iii n<1~hll~ ~~"I1 n n1~VlIil<1'1l~'t1tJ~1 

fI~1l-J1'J1~'lI'1l~'Ji'1l~LUIii (Clear Length: x) 1\1l-J1~n'\.l11~"I1n 

~::tJtJ'\.I'\bu 81 x = 0.94 Vy l l2 .....2.6 

-=!II "'" •0 ..:S. ,

LL<1:: y fI'1l ~::U::"I1mJ~U1n~'lI'1ltJ<11~'lI'1l~IiI::LLm~ 

n1 ~~ 1~ iii::LLnNlJn"l::~ 1~ 1uL1m'llU1untJ'lI'1ltJ Vl1~ LL<1::il fI~ 1l-J no11~'lI'1l~'Ji'1l~ LUIiILLM<1:: 

'Ji'1l~ l~L1iu 1 in '\.I1'1l 2.5 em L~'1liJ'1l~nul~1-..1~'1l~n9ml'J1u'\.l~u<1~hJ 

ti1ilu1-n~'1l~L'\.I~'1lIil::LLm~1~l-J1n L'JiU ilu1~~1~L1iu 0.4 It '\.I1'1l 12 em n1~1'\.1<1'l1'1l~U1 

<1~ ~1U'Ji'1l~ LUIil'll'1l~ IiI::LLnN"I ::il't1 ~ ~nnl-J LtlUn1~l '\.1<1 ~1U~1UJ1~U (Weir) ~ilm1l-J!J1~ L ,. . 
LvhntJC-l<1~~l-J'lI'1l~ LIIU'lI'1ltJ IiI::LLm~Viu1"1:: 1'\.I<1<1~LL<1::illimh::iiVlfi n1~1'\.1<1 C w l.h::m OJ 3.0 

ti1ilU1-n~'1l!.iL'\.l~'1lIil::LLnNl-J1n L'JiU ilU1\\~L1iun~11.4 It '\.I1'1l 0.4 m n1~1'\.1<1'l1'1l~u1<1~ 
, . , 

~1U'Ji'1l~ LUIil'll'1l~ IiI::LLnN"I::il't1 ~~n~~mtlun1~l '\.I<1~1Ul~::tJ1U (Orifice) Viil~uViwW1.r1iln1~ 

1'\.1mvhntJ~u~~::'\.I~1~'Ji'1l~ LUIil'll'1l~ IiI::LLnNtliluil fI~1l-JI\~J1 h Lvh ntJm1l-J~ml'1l~J1 ~~LL~• 

'lI'1ltJtJU'lI'1l~IiI::LLnN"Iuii~ ij~J1 LL<1::illimh::iiVlif..rlilnms1'\.1<1 C J th::l-J1 OJ 0 6 
, . 

~1'\.1ftJ1unnuViilu1-n~'1l!.iL'\.I~'1lIil::LLnNthun<11~ L'JiU l.h::l-J1OJ 0.4 It ii~ 1.4 It '\.I1'1l• 
0.1m ii~ 0.4 m "I::il'r'l~~m~l-Jn1~1'\.1<1~1U'Ji'1l~LUIiI'lI'1l~IiI::LLnNLLtJtJC-ll\m::'\.I~1~~1uJ1~U ntJ 

n1~1'\.1<1 LLtJtJl~::1J1U 
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. . 
2."II1~U11-ii11IlJlJ'Ii'O~liJl1Ij:j"ll'OlJ'II1~ ( Curb - Opening Inlet) 

.., , '" " , , 
'111~U1 I -ii1 IllJlJ'Ii'O~\ iJ I1IYi"ll'OlJ'II1~ dl'1.l"ll1~u1 L-ii1YiflJ u1j:j1'\.1 i'I:l.I1"11 n ~'I.l'l.ll -rl'Ocl~ .J'Oi'I~ 

" , ,.." I , , 

t1~'\.11'OvI'1lt:;lJ1tJu1YiijtJ:l.IHri'l.lbl1ltJ";~hJ1'1.l-rl'l.lj:jLi'1'O~ ~~lJ~metru:;l'i'mH1 2.13 bl1lmtJYi 2.16 
• • 

1i1iLL~ 111~ fl~1:l.1i:l.l~'I.lfit:;wj1~fl~1:l.1~nU1j:j"ll'OlJ"II1~ (d) t:;tJ:; (a) Ili'I:;")I1Incl~'I.lt:;'\.1~1~i'IiIt1 rnr .. . 
1'\.1i'11'1.ln~ (Q,) rilJfl~1:l.1£J1~"II'O~"II1~U1L-ii1 (L,l VllJi'liInn1t1'\.1i'1 (Q,) bl1ltJVlt:;tJ:; a 1JniiilJ 

.h1Jt::;:l.I1ru 0.2 It V11'O 6 em 

.., " .... 
[i1fl~1:l.1tJ1~"II'O~"II1~U1 L-ii1"1i'~IU'I.l L ;~il'OEJn~1 L, "1:;";11U"ll1~U11-ii1flJU11M'1ltJi'I~ 

i'i'O~1:l.11t~flJ~11i1iili~tJi'liIt1mt1V1i'1 Q ;~X1J~ 2.17 1i1iLL~I1I~fl~1:l.1i:l.l~'I.lfit:;'\.1~1~ Q/Q, rilJ 

L/L, LLi'I:; aid 

1.0 
0.8 

0.6 
O.5 

--,
I r/v
I 

/ /'VV 
I /.tIj / . 

1-- L :0/~1/{Ieet) -

0.3

02

0.\ 
/

:I 
/ / 1/ Ii 
'/ / [7 :
/-- -

I
- _1-_ -- - - I-I

V ! 

0.4 

0.3 

~ 0.2 

-= .s 
• 
~ 0.1 
r;; 0.08 

0.Q6 
0.05 
0.Q4 

0.03 

0.02 

0.01 
0.03 0.05 0.08 0.1 0.2 0.3 0.5 0.8 1.0 

d. " 

,J • • 
X1J'II2.16 fl~1:l.1i:l.l~'I.lfit:;'\.1~1~i'IiIt1 rns1'\.1i'1 fl~1:l.1~ nU1 Ili'I:;"II'I.l1111"11'O~'111~U 1L-ii1IllJlJ 'Ii'O~ 

liJl1I~"II'OlJ"II1~ (HI'il'l'n:;t::;lJlJ'\.11.l~tJi'~n~'Iet~lJi'1iIt1n1t1'\.1i'1 LU'I.l cfs Ili'I::;"II'I.l1111 

• 
t::;tJ::;.J1~ 1 LU'I.l It IvlTW'I.l) 
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2 

t~uun~n1rL'I1~blJvI,"r:;U1U~1"1:;~mj• 2 nnw fl," mrL'I1~LLiilJvI,"~~li,"~1 

L'I1~Il1Ub~~Lr~r;ilJ ~n nni:i~," mrL'11~hJ LLiilJvI,"~~ li,"~1L,jlJn 1rL'11~ blJr1~r:;u 1ULtl~ 

mr,"," nLLuu;,;~ ~,"~,"11i U n1rur:;!Jn.,I'llJrn r'll,"~ mrt '11 ~ LLvi ~ :;LLU UlJ1Hbt1~ n ~~n..r.r~: .....", _. 
,","nLLUm1~r:;lJ1U~1~LUULiJ~ (Open Channel) "I:;,"1IiUl'llJn1r'll,"~ Manning ~Hnumrt'l1~ 

,.f­
<Y' 

2.3.6 LnN 'I1LL~ :;-ii,"111 'I1lJ~ blJn1 r,"," nLLuuseinur:;mu 

blJrn r,"," nLLuuvi," r:;lJ1u ~1 lJ,"n"l1n"I:;~'"~ '"'" nLLUumJ1r;i~ '11 '" ~ vI,"'I1rtl 

~~mnn~ n1'l1L'liLl.l1 t~mritl~1t 'I1mnlJ~lS:~vltl fl1~lLlJ:;111H~1'11fuvltl~1L~ufl," 0.6 m/see 

Lt~:; 0.9 m/see ~1\o1fuvl,"~1tJlJ~d'llJfI,"lJn~~ 

2.fl11lJL~1~~~~'lI,"~n1rt \oI~ t~,"iJ,"~ nlJhi1t1Ln~ n1rn~ ni,"lJ~.n:r~vI,"fl1~ LllJ:;111 ~," hJ 
LnlJ 3m/sec ~1\o1fuvl,"fI,"lJn~1iI 

3.'lIlJ1~ L~lJ~1I'1lJU~11'l~'lI,"~vI,"r:;lJ1U hJ fl1ru,"u n~1 20 em . , 

4. fl11lJ ~ n 'lItl~ r:;r;iU~1blJvI tl r:;lJ1 u "I:; ~ tl ~ hJ Utl u n~ 11'1~~ '11~~ '11'" ~ vi tl LLviblJn 1r 
, . 

'!ItlnLLuui1t ulJntltl nLLUUbt1LDlJn1rL'11~ LLiilJ vi tl'Vi tliil'[~uli,"~1 rnrt '11~ N 'l~ ,:rlJ!T~ fI~ L,jlJn1r 

t'l1~blJr1~LU~ L~~1 R = NP = D/4 LL~1111tuLL'VIlJfl1blJl'llJn1r'll'eN Manning lJ1H 

'I11'l1lJ1 ~'lI,"~vI," 

5.fl11lJ~11i1'l1,"~vI," '[~uu n~lJnI11'11lJ~ ~h fl11lJ~1 ~'lI,"~vI," bt1u,"u~'1 ~ L~,"bti'~1lJ'lJ ~ ~lJ 

\.(,"u~l'l~ LL~'lIN:;LiilmnlJ"I:;~tl~ hi~lJ~1f111lJ Lr1'l1tl~ msl\oI~ blJvltlrh:;~tl~hiutlu LnlJtU"llJ'l11, 

bt1Ln ~ n1rlil n111:; ntllJblJvI," L~ fl1 fl11lJ ~1 ~~u'" u~ '1 ~ ~u '" lJbt1~ tl~ hi\.('"fJ n~ 1 0.0008 '111," 

1:1250 
, 

I1I1lJ -iitl111 'I1lJ~'lI,"~ 'Vi r:;r1'11 iT'1! 11J~ n1r'i'~ III rrVi ~ lJ YL 1'1. 2535 111 'I1lJ~ B ~ 1 vltl 

r:;mu~1r1lJ~~'lIlJ1~ 0 DAD m "I:;~tl~11~bt1~fl11lJ~1~hjutlUn~11:500 '1blJvltl~~'lIlJ1~ 
•

'[liIn~1\11ti'1-Dfl11lJ~1~ 1:1000 

". 0 ........
 

2.3.7 n1rr:;lJ1fJlJ11'l1'11rU ~lJlJ (Highway Drainage) 

b'W\11-iitld"l:;t~ nii11li~ n1rr:;1.J1U~1~1'11fu ~'WlJ ur:;ntlU ~1 urnrtltl nLlUU'1lI1Ir1 mr 

t '11~ ~1'11 fu rnrr:;lJ1U 111'l1tl~ ~'Wu n111:;lJ1U1111111lJLLlJ1fJ11 'lItl~ nlJu (Langitud inaI Drainage) 
• 

n111:;U 1fJ111-ii1lJ ~lJlJ (Cross Drainage) vltl~tl ~ (Culverts) 'IJ1~ l -ii1 LL~:;'VI1~,","n'll'!l~vI," ~'" ~ 
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(Culvert Inlets And Outlets) t~~~\'l~1~[;j'n1~~ (Debris Barriers) 'lI11Pl1\'l ~fn1~L Vll'l~11.1vi,"Il,"111 

(Culvert Hydraulics) ~~Il:;'lI11Pl1\'l~fn1~LVll'lIl,"I1l\'l:;~11.1(Bridge Hydraulics) ~~~nl'Jll:;L~1'J11l 

11.1LL~ II :;\i'~-ii," 

2.3.8 n1~,"," nLL'IJ'IJ-a~nn1~L Vll'l~1V1f'IJn1~~:;lJ1I'JJTIJ1.I1J1.I1.I (Design Flowe For 

Highway Drainage) . , 
11.1n1~'"'" nLL'IJ'IJ-a~~1 n1~LVlll~1V1f'IJ n1~~:;'IJ1I'JU1'IJ 1.1 IJ 1.11.1 lJn"l:; n1V11.111l L~1l1Vi .	 " 

U1LVlll ~1lJ'1I~1~']j,"~ ~~ rJl.Il.It~1I'JH'\'llJ n1~']j,"~ Izzard ViLIilL~1'J mh~lJ1 LL'i\~ 11.1\i'~-ii,"Vi 2.19.3 "l1 n 

VI1r~~,"':jMm~lJ'lIl'lPl1\'l~fL'''llJ~ 1 tl1ll'J-a~~1n1~LVlIl~~~I1l~," 1 Vlt.i~I'J~~1lJl'J1~'1I,"~1J1.I1.I (Peak 

Flow Per Unit Length Of Pavement) \'l1lJ1~rJVl1LIil"l1n 

iL 
....... (210) 

43,200 

tl1ll'J~	 q ~,"'ei'~nn1~LVlll~~~I1l~," 1 VI11~1'J~~1lJl'J1~ (Cfs/ft) 

i ~'" f1~1lJ~-iilJ~1.I (in/hr) ~1V1f'lJ']h~L~1l1 (Duration) Lvi1rl'IJL~1l1ii~\'llJilJIlU. , 
(Time To Equilibrium, t,) ~1lJ~,"'IJtln1n1iI1l~1 (Retum Period) Vi,","nL~'IJ'IJ 

~~l'l:; L ~'il ~~1lJl'J1~~1lJYiPl'VI1~n1~LVll'l (It) ~~l.Jn~"l:::~YiPl'VI1~n1~LVll'l 

;~'il1 n rll.lL'<\'1.1~:;li1''IJi 1.If1~ 1lJ~~ (Contou rs) 

11.1nnu~ i ~VI1,hmtll.l mm/hr, L ~VI1.hmtll.l m ~Lll::: q ~Vlt.i~mtll.l cms/m \'l1lJ1~1J 

Vl1-a~~1n1~LVlIl\'l~\'lI1l~,"~~1lJl'J1~ 1 m M"l1n. , 

iL 
........ (2.11)
 

3.6xIO' 

f1~1lJl'J1~'1I,"~n1~LVlll'IJl.I~l.Ii:j~ L \'l1lJ1mlI1lLIil"l1 n L'<\'1.I~ ;~'il1 n rl'IJ L~l.I~:::li1''IJ 

il.l~~1lJ\'l~Vl1,"~11.1~ruLIil"l1n•
 
L '" W~2 + 1)'12
 

........ (2.12)
 
r 

..	 • • 
LlJ,"	 w ~'" ~~1lJn.)1~'1IM;:; 1.Ii:j~"l1 n"ll1l\'l~\'lI1l']j'"~Yll.li:j~ Ll.Ju~'1I'"'IJ'VI1~• .1 • 

~~ll:; r 
• 

~'" ~~1lJIl111l ~1lJLLl.I~I'J1~'1I'"~Yll.li:j~ (Longitudinal Slope) 
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t'i1Yl~1~ru 1~1Ji1~~ih::;tl::;V11~ hlmnLLIl::;il/,)~1l-J 'ij1lililJ (Steep Slopes) 111l-J1 nl'l11 

€1il~1m~'l1-l'ij L~'iI'iI'ilnLLUU ~';h~ ~1J1J'lilli:liltln1~~ ru q i1r~tl/,)~1l-J tJ1~~1Ji1~ 1I~1J11Jn nu~ /,)~1l-J 

tJ1~ ~';h~ ~lJlJil /,)~1l-JtJ1~l-J1 n LL'ij::; /,)~1l-J'ij11il 'l~m n /')~~~::;il n1~~11.1~ ru 11.1~n1tru::;'1I'i1~ n11 

'l'l11l1-l'ij1n (Routing) 

tn ru'l'1~~hia11-1i"u ri1'111.11il1'i1UUrn1Ln1il~1 ~H11J rn1'i1Tl n LL UU1::;UU~::;lJ1 tl J1'11 'iI~ ~1J1J 

vi'illl'illil LL'ij::;I1::;VnlJ 'lilrlltUBr;i~1il1~1~~ 2.1 

t1i::Ul'VI'll'il.:lbfli.:l'l'l;1.:1 

A 

~~~~1~~ 

-
-

vi'ilIl'ilIil~lJlJ 

- iln1~~t1!~~U'iltl 

il m~~q)~~U11Jni'n~ 

ilm~~q)~~mn 

l1::;vnlJ 

- ~::;uutl'iltl 

- ~::;uu'I1~n 

, 
d 

V1l-J1 : Chow, [32] 

• 

i'iltJiln1nnl1l'ih (iI) 

5 

5-10 

10 - 25 

50 - 100 

10 ~ 50 

50. 100 

•
 
2.3.9 n1~~::;lJ1mJ11il1l-JLLlJ~tJ1~'1I'1l~~1J1J(Longitudinal Drainage) n1~~::;lJ1mJ11il1l-J 

LLlJ~tJ1~'1I'1l~~lJlJ 111l-J1~mLtln'il'ilnIil1l-J~1J~'lili 2 ~n1tru::; ~'iI 
V I ~ ~ 

- YllJVi11JdJTl~ lI~lJmn~::;'1l'1lnL~um::;um::;lJ1mJ1 tliltlH'vimL'ij::;ilti'il~mJ1LulJ'Ji~~ 1 

i~ 2 ~~'1I'i1~~1J1J r;i~~'lilrnl'h~l-J1LLIi'~11JL1'i1~mn:;U1tlJ1a11-1fu~1J~Lij'il~ tliltllJ1~u1L ~ru~il 
Ill· '" III 

~lJVil-J1 n~ 'iI ri~:;H"'~ ~::;uuvi'il Llll::;~::;UU n~ ~::;lJ1 mhih~ n 1J1JU~::; nsu rllJ 

- ~lJ~lJ'1lnLij'1l~ 1I~1Jl-J1n~::;'iI'iI nuuureuurein tlJ1 LUlJVI1~J1 LU1il11J~n1tru::;'1I'1l~ /')• 
III III III , 

1-Ij.Tl~1~1::;lJ1mh;h~~1J1J (Roadside Ditch) ~~ilL~11::;11::;Iil~n11Jm~11il'ij'1lnlil::;n'1l1J1,h~ 1 Vi~n 
.... :.' .J.... iI .... .J. Jl J~.... iI 11.... 

~ Iil~ 1l-J1~1 n n ~::;LLI11J1V1 n IilL'11::;1-I1J11il1J1l~l-J 1 '1~11JU1~~ lJVI~::;1'1~ fiU~ n 1-1 q)1UIil'l11J11il1JL'111 

'Ji~tl L~ 'iI'ijIilm 1l-J L~~'1I'i1~ m::;lll1J1 LLIl ::;Illilrn ~rlIil~ '11::; 1-1 U1 ~1.1 Il~ LL'ij::;11.1nnu~ LUlJ ~1J1J~ ~~'iI~ 

11 
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..... .J ... .J t.... '1J

r;J1~1'1~1~1i'l1r;J'1I'EI~!1L '111 r;J~1t1V1 2.17 ~t'Eln1i1V1Ii'l1r;JL'1I19::tl nnreusu-m r;JL'I1::M~1'lr;J~1n 
• 

~~ U1J1~ n111l'El~ rlIJn11rlr;J L'11:: LLIi'l::fn~1 LiI~ EJ1Jl1~'1I'E1~1i'l1111 ~ '111 IJ'EI n91 n9 ::vhn111.J ~ mWj'1 
'1J I g, g, 

'\.1r'ElVl1 LUIJi'IJUIJ'l1ll LL~~ rim99 ::1-ri~ilj:1~L~'ElIJ~nIh (Intercepting Dike) '\.11'E1 ~ ~nU1 

(Intercepting Ditches) L~'ElcrIJJ1'ltJli'l~~~1V11~~1J 

.-730 ..­
~ 

750 .......... 760
 
/ 

/ 
/ 

/ 

/ 
I 

I 
I I 
, I 

I I 
I I 
\ \ 

\ \ \ Culvert 
-J. \ ...... 

~, -­
\ ­'-' ~ -, ".... _~./.. -- Stream 
--~-- / /-­

/ 

//[/// 
/ /740- -_ / / 

750-_ .......
 
...... / / 

760- -...... " -, I / Intercepting dike 
: \ to protect cut slope 

! r760-­

\ , 
750 
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i,.o , it iI 

~ll:ll"uu'h~n.I'j ~'1l'1l n (Outlet) '1J'il~n~1:l1'il ':1~~1J1t1'\hji1~(lIJIJViU1'l~tl:lfH'l~LLlJU1 
, " 

~ 1~~'il~ II 1l-J1~(ll'l ~ A~1l-1 L~~ LLl'l ~~ M~ 1l-1 L~!J~ I'i'ilm ~ri' ~ L'lI1~ UIL~!JLfllh1'm~!J~ (Turnouts 

Of Mitre Drain) ~1~~~U1!J~1oli1~(l'W'W ~~nJ~ 2.19 
" 

l. 
• 

" 

. ' 
Soillrom 
lumOuU....... .. .. . ...... 

, " 
2.3.1 0 ojf'iln11:l'W(;1'ii'~ 11J'lJ'1l~n1~~~1J1!JU11i11l-1LL'W~!J1~'lJ'il~(l'W'W 

" "iI III "'..... ., !II..... I d1.J.d .. III !,IQ

1.n1~lIn~(l'WIJ'l::IiI'il~M1~~l:ll-l~m"n.I::Al'l1!J1:ll'l~LIil1L~'ilVILl-I'ilL~~l~'Wliin'l::Vl1 bl:ll-l 

" X " 
n'i~~~U1!JU1111iL~~'lIIJLLl'l ~ n1~\\ h~ (l'W'W'l::iil'il~!J n ~~ ~UL~l'l ~ n~ 1~~ r;1UU11ri1M'W 

" 
2. '111~ L~l'l::iil'1l~~ A~llJn~l~ L~'ilL~~~'W~l"u~ll-J1n:t;'W r;1~~'W ml-J1 n.I~l ~ L~ l-I~IJ'l~ 

tl:ll'l11J 1iI1l-1 ~'W~ ~lU ~~ 1iI1lJ'1J~1~ LLl'l ~1iI1lJ LL'W~!J1~'lJ'1l~ (l'W'W 
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• 
3. m ~~~lJ11'J U1'11 n r1\.1 'VI 1 ~ bl1ll'JL'il 'Y11 ~1 \.I'Ji~~ 111 ~ LL \.I~ IiIN LLa ~ fl ~ 1lJ a 1111oD\.I 1-111'~ 

'Vl1~,J'el1'J 1 (1nl1~\.Iu) y'i11~11I1'J n1~l'Jmi\\.Ina1~ ~\.I\.I1 ,x~~ n~1'1J'ellJ 1,xu111-1 a a~ ~ ~~~lJ1I'JU1-ii1~ 

'Vl1~mh~~~ 1111\'~ a 111 b'el mll~~1'1 ~~lJ1-ii1 hn\.l'Vl1~1 vh 'elth~hli IiI1lJ mnJa n mlh IiI1lJ. . 
LL\.I~ 'Vl1~L Vf1'1 ~'Ji~ I'J II rl111 rl\.In1~11-Ia'1J'el~U1 Hr~ 

4.fl~1lJa1I11oD\.I1iI1lJLL\.I~m~ fl~~'I~1lJ,J'ell'Jn~1 0.3% ~11-1flJ'1J'elmm LLa~ 1lJ,J'el1'J. , , 1 ....
n11 0.2% \.I'Y1\.1'VlLLlJ\.I~1lJlJ1n1 

, , . 
5.lJ~L ~ ru'ii j'j n 1n1..1 ~ I'J\.ILL1..Ia ~ m 1lJ a 1111'1J'el~ ~1 ~ 1-I1'el vi 'el ~~lJ11'J U1.,:]\.IVi .,:]\.11111 fl ~ ~'I ~ 

I ... I , 

~~mLlJlJ1,xj'ju'el'l1ru~'ell'\a1tJ'Y1,r~~1\.1'1J'el~m~LLl'\U1ri'el\.lVi'l~11-1 a w1'el11..1 I1i'~X1..lVi 2.15 

, . 
'I ~~~ m I1ILi\\.I~ 1 ilmmru iii~ n'el\.lLtJ\.I91\.1~\.IlJ 1n1\.Ifl a 'el~'JI a1..l~~'VI1\.1 ~~ iii~ n'el\.lL1-l Ih\j 

... , " 

Lnl1l'l1mElJ1ruu1Vi11-1alJ\.Ii:h~\.IL'jh~fla'el~'JIa1..l~~'VI1\.1 (xUVi 2.19 LLa~ 2.20) ~~lJ1~~~\.I1~j'j 

n 1~i1 'el~ rl\.lbr;) I'J1oil'el1 fl1 ~flJ ~1 LtJ\.Ifl'<l\.l n11i1 LLw1 U~ Ln r;) liI~n'el\.lLti \.ImlJ1 rulJ 1n~\.IL ri'el~ lJ1'11n 

, 
3. Ln r;) n1~rl r;) L'JI1~lJi'L~ rulil~~ . ,
4.u111-1a '11n'l r;) L~ '<llJ fl a'el~~~1-I~ 1~ fl a'<l~ ~\.I1-I1'elU'el LlilJ rlm ojf111..11\.Ifl a'el~• 

. ,
 
tl ry1-l1 Lm~ 1\jl'\1lJ1~~'lJ4'r;) 1~r;)1'J n1~ih4' 111 LL mi~Vi lJ1'1J'el~ liI~n '<l'W1lJ1,xil 1iI~ n'<l'W11-1 a Lojf1
 

11J1'W fla'<l~'JIa1..l~~'VI1\.1~~ 1'W'VI1~1..I5llii~'el~1 LtJ\.I11..11~m n L1w1Iifl~~~'1 ~Jii'<l~a r;)mm ru (91 LU'W 
, 

'I~ Jii'el~il m ffi I1ImlJ1 ruli!~n'<l'W1'Wfl a'el~'11 a1..l~~'VI1\.1~~ limn LLa ~LL'Y1~) m nn 11I'lJ'<l~ Ii! ~ n '<l'W1'Wfla'<l ~ 

1"'.... '" d ,d 0 1.
1-IlJ\.I'elI'J'VIIII1IL'Vl1'Vl'l~'VI1 r;)• 



35 



•• • 

36 

n1~~Ol:;i1'il~ rluhi11X1l1:; n'ilUL;[1hl1Uflfl'il~1~ fl ~ U11\-lUll1 fl'J1l-1 bl''J n1~1 \-lfl1 Uflfl'il~ Lh 

Vi'il~Ol:;hi~111Xbn 111 n1~1l1 n ll1:;n'ilU L.,EJOl:;rl1\-lUll1 n1~1 \-lfl~ml-l1 ru~ 1\'l~\'l1l1 (FSL) ~~ol :;ViUn1~. , 
, , . 

\'l:;\'ll-lll1:;1l1'ilU1Uflfl'il~'lI'ilEJ bi!'il~Ol1n fl'J1l-1bl''J1Uflfl'il~i.i'ilEJ Lnuhl bil'ilml-l1 rui.h1Uflfl'il~i.i'ilEJ n'i1 

'" " " ml-l1ruu1\'l~\'l" (FSL) VI'il'il nLbUUL1 ";111Xi:ln1~'hEJu1'il'il ml1~~1ub \-liliJU1l-11mnun'i1t1 n~. . 
\-lr'il'il1OlLn "Ol1nn1~~~b~mti'il~Ol1nn1~*'J~l-I1uml-l1ru~~ n'i1~'il'ilnLbUuB (L'liU 8 \j nU1P1n 

•
~1l1.-iiJ:jU1V1.-i'il 1,000,000 mn~~ll1'lJ'il~L~U'lJ'ilULtlEJn1utI~:;b'v1PI~Ub~EJ) \-lr'il'li~\'l'il~\'l1L\-l1l1 

" "" ,
~'Jl-I rlU ~~'I!u ~~tIi'il~i:l n1~4'"~:;UU'IIfltl~:;'Il1U~1U;11EJU111X\'l1l-11 ~t1fUU11~ m l-IVI 'il'il nLbUU 

Lb.-im n'i1 U~ i:ln1~1l1 n 1l1:;n'ilULn .,~U~ n mOlbUULVi ~1:: n 1~'il'il n LLUUhin n tIi'il~ ll11l-1 \'ll-ll-l~ '11U~H'. . .. 
L"EJ~'J 1t1bbl1'J n1~biiiu'Il1~ ~1U'lJ'il~ lll11'1l-11~ LUUU~\-l11 \-l~ LL.-i lii:ll'i ~ U1un1~~111XLn., 

n1~~~'Ilfl1EJbbfl:;n1~ll1n ll1:;n'ilUUl'b'Jru~ill11"biiiu'Il1~ ~1U ~11ml-l i:lmr,Oll'~ L~U Lll1'lJ'il~\-lrY1 iiiu 

~ n n i'ilU~ 1EJ1u'Ii'J~ ~ ~ ~u bbfl:; 1l1:;n'iluOl:;~ n~(;\Vi1 fl~ ~ flfl iJ~'11 fl tI ~:;'Il1U rnniiiu'Il1~ ~ 1U'II'il~ i 1l11" 
, . 

d'lun1r~1fl1EJ l'iuiiiu bbfl :;I'i~ ~ fl11XLn., n1~~ tl,Jb~EJOl1 n n1~f'J~~~~ U'il nOl1 nilu~ bUU\'l1b\-l'l'lJ'il~ 

n1nn(;\LViN~1U\-li1'~flfl'il~ .,1., 

• 
2.4.1 'IIU(;\'lJ'il~1l1:;niJu1u~1U1 

.... .J.d iJ~ .. ~q ""I 

L(;\EJtlnll1ll1:;n'ilU'Ilbflfl'ilUEJ1EJ Ltl1l11~fl1U1 ~ 2 tI~:;bll'll fliJ. ,. 
1. ll1:;n'ilU;1'il~U1 (Bed Load) ~'il ll1:;niJUVli:l'lJu1(;\1~~bbfl:;i:lu1\-l'l!n~1n 

Lfl~'ilU~L"EJ n1rn~~ b~'ilU1t1fl \-lr'il n1rn~:;L(;\(;\1t1ll11l-1;1'il~~1 ll11~Vi PI'Il1~ LLfl :;fl'J1~ Ll''J'lJ'il~ rns 
, . 

1\-lfl~ll1~1 n1nfl~'iluti1EJ'lJ'il~ ll1:;n'ilU;1'il~U1Ol:;i:l~i1t1~:;l-I1ru 5,25 % 'lJ'il~m~1 rull1:;n'ilU 

LL'lJ'JUfl'ilEJ 
, .. .... • il il 2. ll1:;n'ilULL'lJ'JUfliJEJ (Suspended Load) fl'il ll1:;n'ilU'Ill-l'lJU1(;\bflnLbfl:; :; U. .,

iJ~lUU11~Li'luL'Jfl1U1U1u~1u1finl-l'll1~~'J11t1 m~1rull1:;n'ilulJnLn(;\Ol1nll1:;n'ilULL'lJ'JUfl'ilEJ 

LUU\-l i1'n~ 1 m'J~m~ 1ru 'lJ'il~ ll1 :;n'ilU;1'il~~ 1bbfl:;ll1:; nsuu'lI'JUfl'il EJ b;[1 ~'J EJ rlwrEJ n'i1 m~1ru 

ll1:;n'ilU~'Jl-I~r'il Total Load 

" " I I 

1un1~~ Ol1~ru 1'1fl Pl1\'l ll1f'lJ'il~ LLl-IU1Ol:; rl1\-lU(;\11X~ 1U1i:l i1'n~ru:;lJufl~ b~ 'il11X 
" , I " , " 

~1EJ.-i'il n1~tI~:; LijU'lJ ru:;mm ruU1i.i'ilEJbLfl :;ll1:;n'ilU'Il ~1EJ Lfl~'ilUVI ~1U1tluul1'J'lJ'il~ ~1U1V1i:l~U 
a- " ," I.­

;1iJ~U1b i1un ~'J (;\ l'i'JUbblJU1 VI ~U;1'il~U1 bUU '11 nEJOl::tn (;\ n 1 rd1 EJ u N ~:;\-l'i 1~ m ~1 \-lfl rlU 
" a- ' " , ,
~U;1'il~U1 L'liU n1~rl(;\L'II1:;Lbfl:;~Ut1~'ilth~ Lilu1M(;\Lil'ilLn(;\U1\-lfl1 nvi'J~ \-lr'il n1nfl~'ilUVI 

" " " " ,
'lJ'il~ ll1:;n'ilu1um~1ruu1i.i'ilEJ ri'il11Xbn(;\ bUU'Ilr1EJr'ilEJl''J fl~UVI'lJ'ilUU1 ~~i:l ~ fl L(;\EJ ll1NrlU f1'J1l-1 
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. .,
~~1l-1~1I'i'ru1li'1l n~n,j:j~ n1nn iiiLijuiii:;n'1lULLl-I'I11 (Fluvial Process) r;1~,rutl mInVi tIf'tl~Yi91~rw1. . 
h'fLLri ~1'hrilil~~1l-1'lJ'1I~n1nil-l tlfun1n~~'1Iu~'lJ'1I~ml-l1 rwlil:; n '11'1.1 111 L'\oI1iI-Ih I'i'ru'lJ'1I~ n1~r'h'\olUIii. . 
,J'iI~ ... "J.:Jd, "" J

nJn~ vmVI'1I~U1 LLi1:;n 1~U ~:;Ll-IUml-l1 rwlil:;n'tlUVI I~ i1'ilUVI e< 1'1.1 ~U iiiiii '11 ~ 1~ 1'1.1 ~:;rJ:; L~ i11'\o1U~ 

1. n1n~~'1IU~'lJ'iI~ml-l1rwlil:;n'tluvr'1l~~1 (Bed Load) 1I1l-11~f.lU~:;Llju'ltlf91n IIl-1n1~ 

~1U~ rw~~i1'i1UdJ'l.I'hu~Ul-I1n L~'tl~91n n1~~1~~91 UIII.l1U~9i'~":h 'ltlfm runn L~'1I~91 nrnr• 

~1~~91 UIII.l1U~9i'~Yl1 'ttIim runn LlilrJV"~1:;'ilU1~~~1 '1.1'11 rw:; Lniiiml-l 1 rw~1'\o1i11 n 9:;i1 ms 

L~~'1IU~'lJ'iI~liI:;n'1luvr"N~1L'LlUI1~u1'\oI'1i '1Iu1~hnlil1l-1 n1~VlIili1'tl~1 u,x'il~U~U~ ms (Flume 

Test) nIl1l-11~f.lVlIiILLVlu'ltlf 
, , 

.. d .f> • 
2. n1n~i1'11UVI'lJ'iI~u~l-I1rwlil:;n'ilULL'lJ~Uil'1lrJ (Suspended Sediment) 1I1l-11~f.l~1U~rw 

91 nIIl-1 n1~~H VI ~~5rns'l '\oIil LLUU turbulence i~l-I riUn1~~ 1U~ ru n 1~m:;91 rJm1l-1 L-ifl-I-ifu 
•4 00 iI 0 

'1J'1I~ iii:;n'1lUIiI1l-1 ~~ 1l-1 il n '1I'iI~ il1U1 1i11l-1'lJ'tll-li1 m ~II 1~~ 9111 ~ II U1l-1 '11 'iI~ iii:; n'il ULL '11 ~ '1.1 i1'iIrJII1l-11rn•• 
m:;Yl1 'lrli'LlilrJ~1rJ r;1~Uun1~U ~:;mi1-if'tll-li191nn1~~1~~9LnlJL'i~'1I . U1~ i~lJ riu n1~~1U~ru. 
(Empirical Or Semi.Empirical Methods) U'illJYl111X'lrli'e<i1Ii~fi~i1rl~1lJlJntlf'il~~~ I1~Un1~ 

VI iiii1'tl~ 1u,x'1l~U~ u~ n 1~~ 1'\01 ru mlJ1 rwlil :;n'1l'l.lLL '11 ~ Ui1'iIrJ n ~UYi1'ttI1 rJ 1n wi 1ml-l1 rwlil:;n'1lU 

vr'il~~1 ~~Yl111X'll-lLi'lu~ijrJl-I 
I , 1.1 , " 

m 1l-1 u 1 n'lI'il~n 1 ~~1U~ run 1~L~~'iluVi'lJ'1I~mlJ1 rwlil:; ns '1.11 '1.1 LLl-I '111 LU'1l~lJ191n LLl-I '111 

l1ni1~ui1~ 'll-lll~1 LIIl-I'1I iii:;n'ilui1'\o1i11rJ'lJU11i1 LLi1 :;l\I11~ Vl1~'ilVI n:jVl m~ LU~rJULLU i1~ LIIlJ'1I LUU 

~~ LLU~~ ~11'i't'Y IIi~Jun1~H LLUu41i1'11~ n1n~~'1Iu~'1J'1I~mlJ1 rwlil:;n'1lu (Vl1~ m Wl1~ LLi1 :;Vl1~ 
• 

~ rulil I'll II iiif) tIf'1l~ 1-if'\in~:;LLi1 :;u~:;IIU rn stu1Un1~~iii~U19 i~ lJriu m ~~iiim nll-I '111 ~ ~9:; 'ltll e< i1iii 

• 
iii:; n'tluvr'1l~1J1 LLi1:;1iI :;n'1lULL'1J~ Ui1'11rJ 1I1l-11 ~mLU~L UUII'1I~ n ~ lJIiI1l-111'n~rw:; 

'1J'1I~'1I~f1u~:;n'1lu~~11'i''1!ioi'1l 

, 
iI "" "'" "'" ... I.... .... 

rl~ 1lJ1i11UVl1Un1rniiiL'11:;LU'1I~ l-I191n LL~~ 1iI~ e<~ ~:;'\01~1~ nULLi1:;nu 

LLUU 'll-l~l-I~ufiriu (Non.Cohesive) u~:;n'1lu tII~tJVI~1tJi1:; L~tJ iiiLLi1:; ~UL '\oI;'jtJ~ ~~1lJ 
, . 

tlf1UVl1Un1~riiiiL'11:;LU'1I~l-I1'11 n1J1'\o1Un '1J'il~ iii:;neu LLi1 :;LLN Li1l-1 (h~ '1J'1I~ Li1 n 
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L1..I~m.lLL1..I 1I~1iI1l-1 L1111 LLII:;!im~N:;IiI:; nsuu'lJ1UII'il UVl1~ nil 1'1111 iii f'lJ'il~ 1~ II 1'1 Nil l-Iuiii YI1~, 

mUI11V1~~i1 ~IIVi1 hi'iii:;n'ill.lLI'I~'ilu~1~ LLn 'lJU11il ~1..I~1~ LLII:; 1'I11l-1~ U1 LL 1Ju~1l-1~~ 1'I11l-1 L~1 
" 

.J 
1iI1~1~V1 2.3 Grain Size Classification 

Class name 

Boulders
 

Cobbles
 

Gravel
 

Sand
 

Silt
 

Clay
 
-

Size range in mm. 

~ 256
 

64 +256
 

2 +64
 

0064 +2
 

0.004 -t-0.064
 

~ 0004
 

Li\'uc.i1I'1Ullnll1~'lJ'il~IiI:;LLm~(Sieve Diameter Or Sieve Opening Size)
" 

Li\'uc.i1I'1Ullnll1~'lJ'il~V1 ~~ nlll-l~i1'lJU1IilL vh riu iii :;n'ilU (Nominal Diameter Or Sphere
" 

Diameter) LLII:;Li\'uc.i11'1UIlnll1~'lJ'il~V1 ~~ nmJ~ i11'111l-1~U1 LL1Ju LLII:; 1'I11l-1 L~1Lun 1~1iI n iii:; n'ilU 
" 

LvhriuliI:;n'ilU LU'lJ'il~1~1I (Sedimentation Diamenter) 

2.4.4 ml-l1N'lJ'il~IiI:;n'ilU 

Ium ~~lU1N ~1'il1'l11il1'l:;L Uml-l1N'lJ'il~ ,":;n'ilu~1 ~1I'il~LUih~l II1l-I1~(1Vi11~~1I1U~~ 

L'JiU 

" ..J "'" o~" d "equations) L"DU u~l-I1 NIiI:;n'ilULL'lJ1UII'ilU1'I1U1N blil"llnlll-l rn ~LU'il~IiIU 

" «; = fu~dY ...(2.13) 
a 

h 

s.; <r, Fdy ... (2.14) 
a 

d 
Ll-I'il u 

c 

= 

= 
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• • 0a = ~~R~1~~~1~~~~:n~~~~~~1 

0 = R~1~~n'l~~n11'l~'il 
• 

y, - ';I1WWn~1b~1:'l'il~IiI:n~~ 

2. LIilIJ~1~1Jn11blhJ.i~~th~~~~J1~~IiI:n~~1.bJlJ Lb'il:'l~'il1~~1J1~I'l(l1il 

'iIiIJ1LL'il:'li1 n11bLIJ m.IT~ 1ru~'iI~~: n'illJ~~ n"l1nJ1~~ IJ n11~lJ!iT ~~ th~ J1 ti~ \.I'l.i ~ 1J~1 ojfCtlJn 
• 

m~1rulil~n~~LL~~~'il'il1J1~'I11 ~~ ppm (Parts Per Million) F"hlJ~ru'l~"l1n 

..... (2.15) 

• 
2.5.1 n11~"l11ru11'Li.iIil'l~1~~'iI~R'il!l~'Ii~'I11• 

•
m1~i\n~~~'I111~R'il!l~ (d)
 

,
 
'il11i11i1~~1'I'il!l~ (SS)
 

R'l1~i\n~!l~~~'1j1il (E) 
1.>, , , 

2.5.2 m~'I11'l\.l'ilf1l1\.1ih!iTliI~tI~1'Li~m~IJ~~~~1 (Rectangular Channel) • , ,. 
R~1 ~ i\ nf11~F'i 1m~1 ru'l11 'l~'il ~ 1nYi I'! iii 

i 
1 

, 

bI. -I
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"l1nnl t'h• b 

Q	 = AV 

= AC ..}RS 

= AC Hs 
, . 

.", ,q ..., I 

C S ~1'I11'1~YI L'I1r1::';l::UUI'I1 Q 
, , 

, dI I .... , 1> .... 

IWm~'il1'l1 P l-J1'I1U'iltJYlI1fi1 

A 
A	 = bd~b=-

d 

P	 = b + 2d 

A = -+2d 
d 

dr' 
~ A--+2 

dd 

= -Ar'+ 2 

-Ar' +2 = 0 

A = 2d' 

bd = 2d' 

b = 2d 

d = 
b 
-
2 
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2.53 \'11~~11\.1~~iJ..n:hiil~Llhm.JaL\.1~IJlJf11~mJ (Trapazoidal Channel) 

1.1 L1!l\.lh~"I::vh1.m~\.1ihiil~~u~::mr~~i\~• 

b 

d 

I 
Z 

Q 

....--- b+ 2Zd ----­"I 

" , 
, "'" <:!l "" '" <:>l

"I::Yn.J~1 Q "I::lJ1n\'1~~LlJ!lm\.11~ P \.I'!ltJ\'1~~ 

.. p = b + 2d ..}Z' + I .... (a) 

(b+ 2zd +b) d 
A = ...(b)

2 

A
"I::li11 b = -+zd 

d 

LL\'1wh b 1.\.1 (a) 

A ..rz-P = - + zd + 2d z' + I 
d 



----

42 

dP 
= 

dd 

, ".d J dP 
f11 P ":;'l.lrel£J'VlI'!M L~re1 = 0 

dd 

A
-+Z = 2fi'+ 1
d' 

(b+Zd)d
\\'Vl'l.ll'h A "1n (b) 1 +Z = 2fi' +1 

d 
(b+Zd)d , 

~+Z 2.JZ'+1 
d 

(b+2Zd)d +Z = 2fi' +1 
d 

(b + 2Zd)d + Z = dfii+1 
2 

HG HG 
.... (e) 

b+2Ad~+Zd 
2 2 
AS d 

= 
AC = d.JZ"~ 1 

,,:;vnJ~1 ~1'l.l'llrel~\'l~n11 (el = LPlW1IreI~\'l~n11 (d) ~~tl1i"1n\'l~n11~ 1.4 ti'l.lArei 

b+2Zd d.JZ' +1 
2 , 

•• \P1~'lIre1~\'l~n11 (e) = LPI~'lIre1~\'l~n11 (d) 11i1£J UUArei 

HG = d 
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"	 ", , 
L~ n ~ 'il~,r'IJ ~ -1 \'litltJi~ 1 "ih.Y111'11 ';) -1 VI 1-1 111t,,11 ~U ~ b" i1 Ul-I f)1-1"l;j"l~ bi'I 'IJ 

"ih.Yl1I~u~~mjl1l~\'l11lIi.J,;)L~';)Ji1'IJ~-1\'l1l-1'11,;)-1"ih.Yl1I~l-I t!\'lnu f)1-1~-1 mll-l ~~"ll1ll'l'IJ!rnI11-1';),i~ 
~	 ~ ... 'lU 

~ ~	 .I.. ~ ~ ."1
2.5.4	 V11-1'IJ1 ml1V1l-1"'lJ11ilIilLU'IJ~-1 nl1l-1 (Circular Section) 

1.	 f)~1l-1~n~11\1'i1f)~1l-1br~\'l-1\'l(;1 (Depth For Maximum Velocity) . , 

rcosO 

" d 6	 ... ... 

minO 

6 

~ 

·d 

.J	 ~ 

~UVl	 2.23 ~1-1~~tJ1U 'IJ1LLUUVlN nI1l-1 

.. ••11\ d = f)~1l-1l1n'1l,;)-1'IJ1 

r 
~.. , 

= ~l'Il-I'1I,;)-1 VI';) 

A = 1(2Or)r - 1(2r sin 8)r cos 0
 

= Or' -r' sin8cos8
 

Or' _ r' sin28
= .. (a) 
2 

r'(8 _ sin	 .... (b) = 
228) 

p = 28r
 

A
 
"l1n R = ­

P 

r'(8_~n228) 
R = 

20r 

"l1n V = C.JRS 
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Conn R = 

= 

dR 
-. 

dO 

A 

A 

P 

p dA _A dP 

dO dO 
P' 

r'(o- Sin 
2
20 ) 

.... (c) 

dA = 
ao 

r' d~_~r'cos20(2)dO 
dO 2 dO 

= r'(I-cos20) .. (d) 

LLVltlfl1 

(b) P = 2& 

dp = 2r 
dO 

dA LL"':; dP Ltl ( c ) 
dO dO 

., ..(e) 

dR 

dO 

20rr'O -cos20)- r' (0 ­

40'r' 

sin 20) 2r 

, ..l G, ~ 
fl1 R "l:;mnVlI'lI1i nIMlLl.l'il 

• 
dR 
-
dO 

'I 
btl (c) 

'( ) ( sin20)": 20r l-cos20 - 0-­
2­

-0 

'I.n~IiI"''il11i.r1U 2r 3 

( ) ( 
sin20)o l-cos20 - 0-­

2­
= 0 

sin 20
-Ocos20+-­

2 
= 0 

sin 20 

2 

tan 20 

= 0 cos 20 

= 20 

20 = 257% 
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d = r ~ r cos e' 

= (257 L Jr-r cos T 
~ - 1.62 r .. = 0.81 D 

,r'W~ '1J (tit1~1 h1fll'Wvi'1J~'i1ihl'ie;,(i1'W~~ n i'll-! r1~ 1l-!~ n~ll1.h r1~ 1l-!L:h'lJ'1J~ n1:;LLI'1~1 

l-!1n~I'1e;,~:;Lvi1 nu 0.81 'lJ'1I~'lJ'W1~ L~'W~1'Wf'I'W!fni'l1~'lJ'1J~vi'1J 
, . , 

2. m1l-!~n~1l1~1t1~l-!1ru,j1t'i1i'll-l1nYiI'1~ (Depth For Maximunm• 

Discharge) 

a = AC V RS 

- ACJ : S 

A' )d - ­
( P 

---'---'- = 0 
de 

P3A' dA _ A' dP 
de de .... (a) 

de P' 

A _ r'(e_Sin/e)
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P = 20r 

dA
-=r'(I-cos20)
dO 

dP = 2r 
dO 

J
 

A ) P3A' dA _ A"' dP
d . ­
( P dO dO = = 0
dO P' 

= 0 

= 0 

) ' ( )' ( sin 20 J3 (20r r l-cos20 -r r : 0- 2 - - 2r = 0 

1 ( )'( sin 20 J60r l-cos20 -a-: 8--- = 0 
2 

o - 154·
 

d = r - r cosO 

= 1.9r 

= 0.950 

'±1J~'rl l~'rl~1t1.1~11J'Ii'rl~m:h.i~ltllJ~~n'inJ1'i~1~~n~1,x~1 Q mn~~~9:a'li1ri'u 0.95 

'lJ'rl~'1I1J1 ~ L~lJc.hlJ~ 1.16mn~ '1I'rl~'Ii 'rl 



.,j 

lJ't1't1 3 

, 
Q=~AR~JSo-

n 

Lti,;)~"l1nii';)ril'WLJ~'lI';)~';)~f1n1njhml"l~'W~11.J1'l ri1'\.l'W~1~1::ll:: Slope hjU,;)lln~1 0.0008 

r;i'~,r'W~~'lI';)1'h::ll:: Slope = 0.008 (1 : 125) 

r' r'
A =---(l-zcoC' z)

4z z 

r ~2 2r _I
P=-"I+z --(l-zeO! z) 

z z 

A
R=­

P 

A=(b+zy)y 

P = b + 2yJI;;i 

R=A 
P 

, ., 
L'I"l11::~111f';)~n11"l::LWlll.J\Vlll1.J1::'\.l~1~ 2 '\.lU1 iii'~Vlii'll'W1 ~Y1'WVl'\.lU1 iil~ LLI'l ::LlI'W"JI'1ll.J 

LUlln ~1iifl1'1i'[;Jnn111'\.ll'll.l1n'\.l1,;)U'1llln~1n'WL.y;m1~ 1'W']c\J::~f1~1l.J~~'lI,;)~~1j;j1~1 n'W L~ll~ 

\11"l :;111 fl1 ~ -ih n11'11 ~ I'l,;)~ l.J1Hil.J1 LWlll.J LVllll.J nl.J.h 'II~~jj~1 iifI 1 Error l.I1n'\.l1';)U'1lllL~ ';)~"l:; 
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U1m yh n 1~tlflJtl ~~ '1 tl.lJlT11 'lJtlm~ ~:;1J1tJJ1 ~ 1)'1il ~~1) ~ "l :;U1 '1tl1-D1.'lJ1,nJ1~1 'lJ"l1~ ~~ tl1ltJ~ . , 
tl niii~h 'lJ1'\1'1i 11l1lJL'i\''lJY11~'\I1I 1~'Il UlJYI'\I'j(tl IiI1lJL'i\'UYI1~1U~1~<i~wrl1I "l:;djun~ ~:;1J1 m11ViiI 

'\Iihvi'l1ILlIuLLlJlJa L'lI~tJlJrn~'\Il;j. '1l1lJL'\I~tJlJ. a L'\I~tJlJLLII:;1~nlllJ LL~ Lritl~"l1 n'll1:h vi'l1I~ n~11m., . 
,ruiI'ti111 n rn ~'1'\III Vi!J~hj~ LLII:;n1~Yi 1 f>111lJ '1l:;tl1l11LlIu'1tl'1JitJ1n tiI~ ,r'lJ~~tl1) n LLlJlJ 'lI1J1 vi'l1I1,xil . ,

0.<>1..,. , I 0 

n1~~:;1J1tJU1Y1l11 LLII:;~1tJl1l1) n1~YI1 f>111lJ'1l:;tl1l11 
, , . 

LUtl~"l1 nL~1hj'1l1m ~rI'\I1'ti11l~1 n 1~'1'\III '1l~ '1ll1l1u 'lJ ru:;ViU1'1'\III L~lJ'\Iih vi'l1I '1 JiL'11 ~1:;. . 
q, ... x'1i.< :: .... ":''1' J I .....

1)1"l"l:;lJf>11 Error Lnl1l'lJU l1I L'I1~1:;'lJ1tl1"l"l:;lJf>111lJU~ lJ'I11)LUtl~"l1nlJ~'1l111tJ'I1I1~~1U1)1"l"l:; 
II> II> ,.. , I 

~:;1J1tJU 11)1) nhh1'utiI~,r 'lJ~~ ~1 u 1ru~:; tillJU1Virn ~1'\111';) nqiii tl1ltJVi 

v'
H=y +_. 

c 2g 

v' D, y,
-=-=­
2g 2 2 

Lri1)~"l1nLlIUn1~'\I1n1~'1'\1I1~'1lJl11:;';)nqiii~~n1'\1ul1l1,x y = y, 
• 

- '1l11l n1~~1 U1ru'\l1'ti111 ~1 rnr'1'\I1I'JItl~~1~ ~:;1J1 tJU1",ihIii'l1Itl~:;tJ n iii 

T = 2lz(y - r) + rJI + z' J 

Ll11)LnU1f'l1 H ~'1Ji"l1nn1~'VIl1IlItl~lJ1LLYlUII~1U~I1l~ri"l:;'\I1~1 T '1Ji U1f'11 T'1tlLLYlu1u 

'1llJn1~ ri"l:;'1Ji~1 Z LL~1U1f'h Z '1tlL-n1'1llJn1n~1)'\I1~1 Q ~R1U1ru'1Ji 
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Lrl'ilL~1'W11;i1 H ~'lr;\''"l1nm~'VIM~'il'UJ1LL'VIUIN1Ui'l.,~ii'"l:;ml·h T 'lr;\' U1~i1 T hlLL'VIu1u • 

i'll-Jm~ n'"l:;'lr;\'f'i1 Z LL1l1u1f'i1 Z 'llJb;hi'll-Jm~L~m~1f'i1 Q ~~1U1ru'lr;\' 

Q=zJg 

3.2.1 m~m'1i"~1m~'l~~ 

m~Y1 Mi'l'ilU'"l:; Wi'il~;;111X~1~'l~'"l1 n~l-J~1iJ..r "~1m~'l ~ ~i'l~1 Li'll-J'il ~~1 un1~ 

Y1Mi'l'ilUn;;1'l~M!Ji'l ~1~ U'ili'l~1!J~ 1I~~1 U~\.lL~'iltlfu i'lfl1~..r.,~1 rn ~'l~ ~ ~M'"l1 n~ l-J~ 11~..r"~1 

rnr'l".~ LL~:; ~11l-JL\\1~~~ i'l~1 Li'll-J'il'l~ ~ ~1U~1~ ~:;U 1!J~1 ~iJ~ U1';M~~ ~., ~'il MLLU1rn ~'l~~ 

L~'il11XiJlln~ru:;m~'l "'~~1U~1~~:;1J1!J~1~djum~'l"'~LLUUi'l~1 Li'll-J'il (Steady Flow) L~'il H' 

i'll-J rn srn ~'l~~ ".1'1i.,~1 rn ~'l".~ ~ 1U~1~~:;1J1!J~1bM!J11XiJ ~11l-J ij M~ ~ 1MLnM~UUsu~~ M 
... I ... , ... ... 

1urn ~'VI Mi'l'ilU'"l:;i'l~1~ U'ili'l~1!J~ 1I~~1 U;UYl WiUU1L~ 'ili'l~1!J ~ II~~ 1UYl'lr;\''"l1nill-JU1 LL~:; 
... ... ,... , 

r;\'1UVl1!JU1 '"l:;~M';~U'il.jMml-J1ru~h Q djU~1U1U 3 U'ilLYl'ili'l~1!J~II~~1U'JI'il~U1Yl~:;1J1!J'il'iln 

'11n~1~ ~:;1J1!J ~1 U'ili'l~1!J ~ II"1U'"l:;;;1 ".U1 ~11X'1i., ~1 n1~'l~ ~ 'JI'il~J1~ 'il'il n l-J1'"l1 n ~l-Jojf1 i'l~ 

II M~11l-J LL~~'JI'il~~ 1LL~:;ml-J1 rum ~'l~~1~iJ..r.,n rn ~'l~ ~~ ~~~ . , . 
IIn~ru:;'JI'il~ti'ili'l~ 1!J~ 1I~~1U'"l:;Li'lulin~ru:;LLuum:;Y1u n1111 ~ 'ilU1Yl'l".~l-J1'"l1 nill-J'"l:; 

n mj'~ I'i'U11XyJ~'il 'ilrunm:;Y1u ~ U~U'il LL~:;m EI1UU'<l"l:;iJ i'lnLLr'h~~"l ~'li 1E11Urn ~i'l ~ 1EI ~ 1I~~1U 

~~"l1 nmm~:;Y1u ~U~1n"l:; n~:;"l1 EI'<l 'iln'ltl YI nYiI'IYI1~iJ ~ ~ ;;111X~ 1I~~1U 'JI'il~ J1~ n n~l-Ji'lU; Ul-J1 
... , ..., ... 

\1 ni'lll1!J'ltl LL~ ~1UU'ilU~ nu'li'il~~ n 2 'li'il~ LYlT.l1~m ~i'l ~ 1E1 ~ 1I~~1 U'JI'il~U 1Yl~ 1Uill-Jl-J1 Li'lu'ltI 

'l~l-J1 n~ i'lMbM EI11XJ1'l"'~Ilu;h l-J~~UL~'il;;111XJ1~uti~l-J1n~ i'lM LL~:; 1Ul'l1U'VI1~ r;\'1UVI1E1~ 1~~ 

~'il~ fu rn ~'l"'~'JI'il~~ 1~ nni'l ~1 EI~ Ii'~~1 U'ltllh~ LLIl1~~'il'il n LLUU11XiJIi'n~ru:;L i'I \.lLVl EI~~U~ ~um ~ • 
... I " , , 

n1:;'VIU'JI'il~U1 L~'iltlfui'lm~ m~'l "'~'JI'il~u111Xu~ LYl'il;;1fl1~'i'Mf'i1..r"~1 m~'l".~ (Q) 

1U1:;"'~1~ n1~Y1 Mi'l'ilU"l:; Wi'il~".1 f'i1';111tI~(;]1~ 1~'lr;\'''l1 nrn ~'VI Mi'l'ilU~~"l:;'il ~1un nii'JI'il~ 
" . 

m~'l~~i'l~1Li'll-J'il;~"l~Wi'<l~iM~h(;]1~1;~U 
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1. 'ei'l~1n1~'l'\.l~ (Q) Llllt6111'ei'lnn1~'l'\.l~"1nti'~'l~~tfhl1ru~11'1.lti,;)I'l~1lJVjl1'~~1'1.llih'l.l 

rh lJ~1 ~~ll1lJ1'I.lti'~" :;il~ IIIUtln~~ ~UmlJ1 ru~m lJ"'l~'1i 1'1.l1'i11'l ~ 1lJ"'lli!"1n L~'I.lU'O n~~ ~U ~1 
, • • 

.. 0 , 

LV1'01'l1'1.l~ru'\.l11'l1Q 

2. ~'I.l~'\.l1J1 ~III rnrl '\.l~ (A) LlIIlJH'L'VIu'i1II~~lJ~LL~~'l,j'~~r;ilJlJ~~n'Ou rl'l.l'\.l1'O1-n,j'~~r;iu 

LWlJ~'Oth~L~m fi'lli!LL~~ l'i'OlJlJ1 A1'1.l~ ru'\.l11'i1(A) "1 mLUU 

3. L~'I.l'1l'OULiJlJ n (P) LlIIlJH'L'VIu'i1II~~lJ~'\.l1'O 'l,j'~~r;iuu~~n';)u rl'l.l'l'1wrl'l.lL~m rl'l.lrlUmr 
'J'.JiI .... 'l

'\.l1mVj'l.l'VI'\.l'l.l1'l1lln1~ '\.l~(A) 

4. ~~lJ~I'l~1lJ~1111 (S) '\.l1'l1i!"1 rimsH'n~'O~~~~uu~~n'OurlUL'VIU'i1II~~lJ~'VI1~ 

II 'II II 

i'l.l'l'O'I.ll'I.ln1~'O'OmLUU~~'I.l;Jl'llJ'1I,;)~ 1'l'O'I.ln1'l 1'l1lJ1~tlVi"~LLti~';)';) n'lrllLil'l.l 9 i'l.l'l'O'I.lr;i~u 

· , , 
i'l.l'l,;)'I.lVi1 ~~m~lJl'l~1lJ~,;)~n1~'1I';)~~';)';)mLUU L'Ii'l.l ri1l1'~'eiIll, 1'i11'Julli\ '1I'1.l1I11VilmlJ 

~~III'11,;)~~'I.l, 1~~1lJ1;Jl'llJl'l,;)'I.ln1'l'\.l1'Ohj Lil'l.l~'I.l 
..., II" , II 

i'l.l'l,;)'I.lVi 2 '\.l1mlJ1ruu1ViH'd~';)1'l!trll1'i1 n1~I'JU ~~ViI1i'O~ rnr, '\.l11'i1'ei'ln~~'I.lu11ii'O 
, . 

'iiLlJ'I.liilL~'O H1r11I'i1ri1l1'~'ei 1II'l1lJ ~,;)~n1~"1n nnrl'ei'l~1 M'I.lU11ii'O'ii LlJ'I.liil, 1'i1 ri1l1'~'ei III LL~~'\.l11'i1 

U1'\.lUn'iiLlJ'I.liil = mlJ1ruu1 / 1'i1ti'l~1~~'I.l':blii';):jLlJ'I.liil., . 
i'l.l'l,;)'I.lVi 3 '\.l1mlJ1'l~'iiLlJ'I.liil = i.\1'\.lUn'1l';)~U'I.l'iiLlJ'I.liil / 1'l~1lJ,b~~1LVj1~'1I';)~'iiLlJ'I.liil• 
~ ,J 4 .<:::I" ~ 

'1I'1.l'l,;)U'VI 4 '\.l1mlJ1'l~'VInlJ = (380 '\.l~,;) 400) - mlJ1'l~~'I.l'1lLlJU'l· , . 
iU'l'OuVi 5 '\.l1i.\1'\.lUnm1lJ = mlJ1'l~'1I,;)~'VI~1lJ x 1'l~1lJd~~~1Lm~'1I'O~m1lJ · ,
i'l.l'l'OuVi6 '\.l1mlJ1'l~~U = (mlJ1'l~'1I'O~I'l';)un1'l = 1,000) - mlJ1'l~'iiLlJUiil-

mlJ1'l~i.\1'\.l1';)i.\1'\.lUn'1l'O~U1 - mlJ1'l~m1lJ· ,.
iU'l'OuVi7 U1'\.lUn~'I.l = mlJ1'l~~U x 1'l~1lJd~~~1LVj1~'1I'O~~U 
II' II' 

i'l.l'l'OuVi 8 '\.l1mlJ1'l~i.\1lJ1ViH' 
..., , ...
 
iu'l'OuVi 9 l'liU~~U;Jl'llJViH'vi~'\.llJlII
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btitl~ '11n Ii']un1 ~Yllil i'ltl~ 1'W'I f~ usn i'l~lj iii~ ~ iiin n~ n1~fu uN'lI '1J~~1~n:u1[J~1 

1~b'\1lJ '1J'WIiu m ~R iii~'Wi'l tl~m~ tlil [J~ lJiii'W~tl~ fuLLN lJ1~ Ii~'W1'W ~1'W'i'l1~ LLi'l:; ~1 'Wii1 ~ 'lItl~ ~1~ 

~:::lJ1[J~1 bLi'l:::Ltitl~'11 nhilJ~1'\1UnUn"'1 n~~'ln ~1m:::'yh lili'ltlIilL~i'l1 9~tltlmLuutlil[J~fim.i~[J 

bbNH~1'W b'\1lJtl'Wrium~ri1'W~ru~t.l2 YI1~ ~1[Jm~ri1'W~rulJ~1[Ji'l:::L~!JIilI'i~e 

S 
m=­

L 

D = 'i.Mo 
180 

'i.Mo = L~t.I~tlUltJ'1Jtl~~t.I (L~Iil~, m) 

o 'I" " <::i
m'\1t.1Ii1L'\1~:::!J:::'\1~'1tlt.lm'lil z; 2.50 '!~. (Covering)• 

d = D - Covering
 

w = DL. + LL. + etc.
 

d = '1~1~'\1t.11th:::!iYlfi~i'l
 
•0..... , ell• 

W = t.l1'\1t.1m~~'lItl~bL~'W~t.I 

DL = U1'\1UnUnYi nenu 1'i~'\11'elU1'\1Un'l'1Jt.ln11i1'l1tl~I'i~ tm~i'l~1~• 
... t-, , 

LL = U1'\1UnU~~YI n '1~'\11tlU1'\1unVit'lN '1\ ~1~ uunfu bLuu-n~ 'I ~1~• 
t' .... A..,; 0, " 

etc. = 'W1'\1t.1ntlt.l1 Ylm:::Yl1Iiltlt'lN'I\n~ 

'\111'11 n, k, j. R, fc' Iih~11il1~mlil~.:l1'W'lItl~~'I\YI. 

ri1t.1~ru'\11fh Moment 'Ii~~it.l bLi'l:::'Ii~~m~ 

• 
S = ~1'W~t.I'lJtl~t'lN'I\~1~ 
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• 
iUI1I'1I Un11'V1I11MJU 

1. ~111 ~~1111'V1I11M)U'fllti.,nn1~l'wi1 LI11UHn~CrJ~1::~U1.11m::U::i'l11111::'fI~1~~lUl.1'7LLi'l:: 
!lo" '" " 

~1U'Vi1U'lJCrJ~11~1::U1EJ1Jl 10 '¥iCrJU LI11UYl1-iftflN L'fI~ nLLU n11~1::U1UUl HLLi'l::YI'lJlr;T~'lJCrJ~ LflN 

go ~ .J I.... d J' 'I t.> .... ~ ,ft 

L'fIi'lnUUi'lllJl1(1'V1~::u1ULi'lCrJU'lJUiN LI11 UU'VInr111~U::in'1 (5) 
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iJ iJ , iJ, .... 

2. il1i'ilEJ1h'l1 mJj,J1«l~~ ~ 1UUm\~ 1U'I1 i\"~~1UYlI1i 11.11111.1U1 L~ 'flil flJ1\-1U1il'ii(;) n n1~ 

1~M~~1I~1 Lllj,J'flLL~:;h.,~ ~'fl1tJ!J~n~ ~:;lJ1U~1U1~ 10 Lj,J(;)~ ~1u1tJ!J~U'fl~nil ~1U'I1i\"~~1U 

11i1uVl1U~11(;)u~f1~lJ f1j,J rn ~1~~'JI'fl~~11\-1'flU1u~:;.rlJf1~1j,J1I~~ri1~U(;)1-i' 'il1mnJUl1 n~1 
~ qJ ~, . , 

3. 1(;)~1'ii(;)~1n1~1~~ (Q) ~1nu'flIl~1u'I1i\"~~1uI1i1uVl1uu1~~~:;il;(;)lJ'fln~j,J1(;)~ 
... , .... ... " 

f1~1 j,J~'JI'fl~U 1Y11~~ eJ 11.1 ~1~ ~:;lJ1UU 1~~ 1tJ!J~ U'flin11i1uVI1UU1 UUl1 n~ 1m 1j,J~'JI'fl~U1 

4. ~1~u~~ihr;1(;)m~1~~ (A) 1(;)~1L\\'U'JI'fllJLtlun (P) 1(;)uH'1~~:;.rlJtJ~:::n'1llJrilJL'VItJ 
, . 

1(;)~:;U:; ~1'fl1oifm~~1u~ru~1~1mLlJlJYI'ihm~~Ii'fln~~:;lJ1UU1 

m~lIttJ ~~ n1~'VI (;)~'fl~ 
, . 

1. lIl'tI~1'ii(;)nn1~1~~ (0) lV1'flLmUlJbTIUlJ'ii(;)nm~1~~'JI'fl~n~~:;lJ1UU1~:;~~1~2 
..., 'iJ • 

WW1 r;1(;) ~1~m (;) ~U1 ~'fl ~il~~lh UL~ ~ 1Y1U11~~ ~1u~ih r;1(;) LV1 'flLWUu LTIUu 'ii(;) ~1 rn ~1~~'JI'fl~ 

~1~~:;lJ1uJ1~:;~~1~ 2 WW1 r;1(;) (~U1 r;1(;)tJ~:;lJn.rLL~:;~U1r;1(;)~m~Uj,Jm~~~) 

2. MtJm1j,JL~~L'il~U'JI'fl~m~1~~ (V) '~1nllj,Jm~ Q= ~ ~~LllUr;1~LL'IIU'JI'fl~f1~1j,JL~~
• A 

'JI'fl~m~1~~ L'il~U(;)~'fl (;)~U~~U1 r;1(;) LWUlJLYlUlJ f1~1j,JL~~ L'il~U'JI'fl~ n1~1~~ ~1U~:;~~1~ 2 ~U1 

r;1(;) L~'fl Hd'lULLU~'VI1~ ~ n";1m~ri (;)L'111:;LL~:;n1~(;) n(;):;n'flu1ull1u~~~ 

3. MtJ~1ij,JtJ~:;~'VIff1~1j,J'JI~'JI~:; (n) 'JI'fl~WW1r;1(;)n1~1~~ 1(;)U~1u~ru~1nllj,Jm~ 

1 "".I':!'''''' ~ l.> ..... "".~..,. ..... ,V = _AR2!JSlIl L'I1'flLU~UlJb'VIUlJf11 n 'JI'fl~'VI~i'I'fl~~U1(;)(;)LL~:;~~j,JC1~LU~UlJb'VIUlJnlJf11 n 'JI'fl~ 
n 

, I , .... 

Lj,Ju\j~Yl1I1i1u(;) 1n~oif 1~ ~U ~ 1'fltJ1uLnru~j,J 1nu'flULV;U~ 1(;) ~~~1 nn ~ seu1UU1il'ii(;) n n1~1~~ • 

. . , 
~:;lJ1 UU1UULtlUI'lll1'11c:l~Ylhi1 'li f1'flun~(;) (;)1 (;) c:l~ L~UlJ 

LL~L ti'fl~~1mLlJlJ~H1un1~~Ii'fln~ ~:::lJ1uJ1ih L~~~tJJu~:;1 oif ~1 n ~111i~1 nf11~1~'JI'fl~ 
" ,... I 

LLj,Juil~hJ1~ Lil'fl~~1n hJ'l-Ji f1'flUn~(;)YI(;)1 (;)c:l~L~UlJ .r~UULn~~~'1I~ ~ 1U~ ru~1 ~1 n Yl111i~1 nms 

'VI (;)~'fl~~1~ l1i~u ~1u~ru111i~1n~(;)~ 

1 ~ 
Q=-ARJjS; 

n 
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'" , , 
Ul.lLmIJULVlIJUnUI'i1 n Vl1i11·l1nn1~~1l.l1ru'l1n~(;mii1l.lul.l ;~'il1'1'1:;H(R1 n 'il'ilnl-l1hnJ;~hi 

'I ~~ num~1~ 'JI'il ~ LLl-Il.lti~ L'I'l~1:; Lti'il~ '11 nEh",u1hiL'li ~'ill.ln1''1 (;]1(;] lj1L1'IJU'il1 '1'1 :;":h1'l1Ln 
, . 

111l-11 ~tl'W1 R1Vl VI (;] II 'il~ 1i11ul.l 'bJ1-iill.l:n~ mh:;~11'l.l1i11 



•• 

.Q,	 tI VQ.I f 
4.1	 eJ'il m':i''J bfl':i'1:::'III'III1'11'\j1111'111'1.l1lill11'11'11~':i'1~':i':::l.J11'J'I.l1 

"11n i'llilen 11~ 1'\j'J ru~ 1!i1il11n 111~ i'l1'I.ln~ 1:::1.J1u~ 1'l1'1l~ LLlJ \.!ti~• 

1 ' Q=-ARJ..jS;
n 

Lti'1l~"I1nii'1lr'i1~'\jIi1'l1'1l~'1l~An111.Jj-~11~'J\.!~'11.J'il r'i1~'\j1i11""1:::rJ::: Slope hiu'1lrJn11 0.0008 

...	 1"
1i1~'I.l'\j"l~'lI'1l 'D1:::rJ::: Slope = 0.008 

T' r'
A =---(I-zcot- I z)

4z z 

T C--, 2r _I
P = -vi + z --(1- zeot z) 

z z 

R=-A
P 

A =~~-.9.0~~(I-0.34xeot-1 0.34) 
4(0.34) 0.34 

A = 0.111 m' 

0.4 j-----, 2(0.05) _I
P =-----v1 +0.34 -----(1- 0.34xeot 0.34)

0.34 0.34 

P = 0.948 m 
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A	 0.1 I 1
R=--=---=0.II7 

P	 0.948 

tct'il~"l1n~U~~~'lI'ilm~1::1J1tJJ1LthJI'\'ilun11il ",~,rU~~ri1'1.1UVll1X1'i1 n = 0.013 (d'lUI'i1~\'\lJlJiii
• 

'"	 , , II '" , 

~ut~'il@i'il~m1'1.11~1il11n111'I.1~M\'\ 'I Li'J'il'll11'I.1mtiilJ~Ul1WW11ii 'I). . 
I	 11.1.)Q",,, = ·--(0.111)(0.117) 0.0008 

.	 0.013 

= 0.183 m 
3Is 

A = (b + zy)y 

A = [0.157 + 0.212(0.50)¥(0.50) 

A=O.111 m' 

P = 0.157 + 2(0.50)~1 + 0.212' 

P = 0.948 rn 

I ... I ... '"	 , 

dj'il~"l1n~Ul1~~'lI'il~11~1::1J1u'll1tUUI'\'ilun11il ",~uu~~ri1'1.1UVll1X1'i1 n = 0.013 (tuuI'i1l1\,\lJljiii 

~Ut~'il@i'il~n11'1.11~1il11 n111'I.1~\'\~\'\VlLri'/lJ11 '1.1~ LtiilJ~U~WW1 "''I) 

Q",,, = _1_(0.111)(0.117)213 .JO.0008 
0.013 

= O. Hl3 rn'/s 

mailto:Ut~'il@i'il~n11'1.11~1il11
mailto:ut~'il@i'il~m1'1.11~1il11n111'I.1~M
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. . 
1iI1~1~ii 4.1 n1~~Tw~rumL'\.l~nL\'lj-lJl'l,l~1~~:;1J1m11 

Two Way Slab 

o 
~ .. 

CASE SLAB nllUVI : 5 Four edges discontinuous 

m. 

Short Span 1.00 M Thick = 0.075 Req'd= 0.056 

Long Span 1.80 M Conc.lc' 173 ksc. 

Live Load 800 kg/m A2 Steel Is 1,200 ksc. 

Finish 0 kg/m' 2 Covering 0.025 m. 

m = Short/Long 0.56 Bars dia. 9 mm. 

W (DL+Finish) 180 kg/m'2 N = 10 = 0.869 

W (DL+Finish+LL) 980 kg/mA? k .- 0.393 R = 11.09 

d = 0.027 

Max. Moment = 80 kq-rn d' = 0.030 (Main Reinl.) 

Resisting Moment = 230 kg-m d' = 0.034 (Second. Reinl.) 

REINFORCEMENT 
.._-_._-_.- ,-~' 

REINF. 

0.00 

1.12 -_.•._-­ -
1.68 

___. L_ .. 

REINF 

0.00 
~--

068 
.~---~-

1.15 

1.88 

SHORT SPAN 1­
LOCATION COEFF. MOMENT 

-M Cant. 0.000 0
 

-M Disc. 0.054
 53
 

+M
 0.082 80 
_. ____. 

LONG SPAN 

LOCATION MOMENTCOEFF. 

-M Cant. 0.000 0
 

-M Disc. 0.033
 32
 

+M 0.050
 49 

Min. As 

69 
Remark ~ 

mm.@mm.@ 

0.570 0.253 

i:":ii"d":~~i'i[0.378 o 168 

REINFORCEMENT 

9 6 
Remark 

mm.@ mm.@ 

----. 

0.933 0.415 

0.2470.555 

0.1510.339 ~3011l' 
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r'hl1'~..r111 210 ksc. 

, +~ 
1'11!JU I'll 7.5 _ 2.5 em 

- 'lJ'W11111w.1J~i\I11'lJ"Ni'hj~H'. 3/4" - # 4..
 
•
 

- hi1l\U1tJ1~i\l-JI'1'O'Wn~1'I 
", it," 
'li'WI'I '1l 'W ~ 2 ml.J1 0..1111~H' LLII ::;':hwL!n~ Ll-J'W.l . ,
 

- ml-J1ruu1~H' = 190 ~I'I~ / 1I1J.l-J. 1'1'O'Wn~1'I
 

- '.I1..rj;]~1l\1'W~1~'O~Ll-J'W.lr,nnm1Ylr,d.i'R1 = 0.70 
•o ....... tr 

- 'W11ol'Wn'lLl-J'Wj;] 190/0.70 = 271 kg. 

'li'Wj;]'O'W~ 3 1ol1ml-J11'1~:nLl-J'W.l 
• 

- ml.J1I'1~~Ll-J'W.l	 = U11olUn;L6-I'W.l / 1'1116-1~1~91L'Yn::;'lJ'O~;L6-I'W.l 

= 271 /3.15 

= 86 ~I'I~ 

'li'WI'I'O'W~ 4 1ol1m6-l1j;]~~~1~ 
. 

- LU'O~91nH'~'W'lJ'W1111 3/4" - I/,oj
 

- ml-J11i1~~L6-I'W.l + ml.J1Ii1~~~1~ = 40 % 1oll-'O 400 ~j;]~
 

- ml.J1I'1~~~1~ = 400 - 86 = 314 ~I'I~
 
•.... .... • •0 .... 

'lJ'WI'I'1l'W~ 5 1ol1'W11ol'Wn~~1~ 

• 
U1wwn~~1~ = m6-l11'1~~~1~ x 1'111l-J~1~91L'Yn::;'lJ'O~~n~ 

= 314x2.65 

= 832 kg 

•
ml-J11'1~~'W c- 1000 - U~l-J·ll'1~~Ll-J'W.l - ml.J1I'1~U1 - m6-l11'1~~~1~ 

= 1000-86-190-314 

= 410 ~1i1~ 

http:ml.J1I'1~~Ll-J'W.l
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• 
ii1l-lUn'JI'!l~ih.l = tIhJ1li1~ih.lx~11l.1d1~~1LYn:;'JI'!I~~'l.l 

= 410 x 2.70 

= 1107 kg 
• 

1urn ~l-l1 ~11Il'i1'l.l~\'ll.l ~11l.1l'l:: L~u 11Il'i 1'l.l~ \'ll.l~1 n t1'l.lii1~ 11 

• 
1J1 

5 kg 
•

\'lnll'i1'l.l~\'ll.l1'l.l 1 l'lnU1l'\nLl.IliI~ ~'!I'l.ln1-liIli'I'l.lii1~11• • 
Q r 
'11 Ll.I'l.llil 271 kg 
••'l.l1 190 ~1iI~ 

V1~1U 832 kg 

~'l.l 1101 kg 

• 
1.Wi In 1if~1111V1111\'l'!lUm~ 1iI~1 n1~1 l-ll'l'(I1IU1.jfnl1'!1~~::ii1lJtlfu~::U::l'l1111~::l-l~1~\1'1LLl'l::vhu 

~ I ~, ~ ~ 

'JI'!I~r1~~:;U1Uii1 10 YI'!I'l.l '(l1IuVi1.jf'(~~~mi; mLUm1~~::U1Uii1 BLLl'l::Vi'JI111i"~'JI'!I~ '(~N Ll-lilnu'l.l 

d ..... -=ll..t ~" ..... ..s,
\'l1l.11~~V1"1::U~ULl'l'!l'l.l'JI'l.ll'l~bin U'l.lVl n ~n~:;U:;l'l1 In (S) 

.. ... I .... ... 

2.Ul'i '1luii1"11nUl.I1oXll-ll'l ~1'l.l11'!1 \'ll'l1UYi ~~~1'l.l Vi t1i1'l.lili'l.lii1LY; '!IUfu1~ii1 jj~iiin m ~1l-ll'l 

~~~\'l~1 L\'ll.l'!lLLfl::1l-ll'l1ii'!l1u!J~n~~:;U1u~1U11 10 Ll.IliI~ ~1'l.l1u!J~11'!1'11n\'ll'l1UYl~~~1'l.lrlh'l.l 
..., " I 

VhU1Jl'(lnUVi~1U fJl.Imr1l-ll'l'JI'!l~1J11~'!I~1'l.lr::ii1u~11l.1~~Viri1l-l'l.lln1<j' vi1m~u'l.l~ n fi1 . ,
 
3.'iI1Ifilii'1iI~1 ms1l-ll'l (0) "I1nl1'!1\'ll'l1uYlli'~~1'l.lrlh'l.lvhuii1~~"I::jj:n
InU'!lnml.l111l~~11l.1 

"I'JI'!I~~1~1l-ll'l~1'l.l ~1~~::U1 U~ll'l~ lil !J~l1 '1l'l1n t1il'l.l'ihU~1 U'l.l~ n fi1m1l.1"1'JI'1l~~1 . , 
4.l-l1Y;'l.lVil-l,J111i"I1Im~1 l-lfl (A) 'i'Infi1l~'l.l'JI'1lU LUun (P) '(l1Iu1.jf1~~::ii1uu~:;n'!luriuL V1u'iIn 

, . 
~::u:: l-l1'!11-ifrn r~1'l.l1ru l-l1"11 mLUuVivil rn rl-ll'i '!Ir1~~:;U1 uii1 



---

67 

'1~lhVI'U1 a;1l?1'l.h~ EJna;j'• 
Q(cms) h(m) 

0.0495 0250 
--_.~---~" 

0.0413 0.225 
I 

0.0350 0.200 

0.1750.0245 

0.0153 0.150 

0.0098 0.125 

0.0056 0.100 

0.0750.0040 

0.0025 0050 
- ~---_._----------

0.0016 0.025 

A(m,
2 
) 

0.0977 

0.0894 

0.0782 

0.0675 

0.0426 

0.0257 

0.0169 

0.0105 

0.0075 
1-.__. .­

0.0015 

&' 'VIV'4:li
I '1~'I.l1V1'1.l1f;ll?liLV1'i'1EJ:l-I A1~V1:l-1 

.._--

Q(cms) h(m) 

0.0315 0.250 

0.0223 0.225 

0.0195 0.200 

0.0128 0.175 
. - -

0.0098 0.150 

0.0065 0125 

0.0048 0.100 

I 

._~.~------

0.0035 0.075 
-----~-----_.. 

0.0021 0.050 

0.0010 0.025 

~ 

2
A(m. ) 

0.0977 

0.0894 

I0.0782 

0.0675 

0.0426 

0.0257 

0.0169 

0.G1 05 

0.0075 

0.0015 
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91 nsn ~1~~'l~91n n1~'VlIil~'iI~e \11l-J1nl~9:;~ Lfl~1:;lf~1 fl~1~ L~'l n1~'l ml ~:;~~1~~':h 

~mh:;u n .ILL~:;~ U1 ~lila L~ ~ u~ fl1~~~ 

n1~~Lfl~1::\1~1 fl'l1~ L~'l rns'l~~ (v)1'lm~~:;U1u~1 'l~L~~~1 m ~'VlIilI1'i1~LLI1::'ijLfl~1::\1 

~1~'ii1i1~1n1~'l~11 (Q) ~1~1 n'W 91n'iiIi1~1n1~'l~11 (Ql "hU'ilU11.tl9'W~~..rli1nn1~'l~11(Q) ~1 
, . 

~1 nYi~1 h1ilu1'l ~I1L~~~U1~1il'lJ'iI~~U1 iillil'lh:;unlii'ri'el'W LL~'l H'~1..r'I ~1 n1~'l ~11 «» ~1• 
" , , I , I 

L~U '1n'Wil'lti LYi UU nu~ U1 ~Iil~ L~~ U~ ~ L~ ~U~ m~~~ LLI1::~ 1 m n Vi~..r'I n n 1~'l ~ ~ 'ltl9'W~ ~. ' 

..r'Inms'l~11~~ 11'l.1~1 'l~11 L~~~U1 ~1il'lJ'iI~'\1U1 ~enl ~::u n.l1'W~:;'\1~1~rn ~'VlIilI1'i1~LL~I1:;..r'In•. . 
n1~'l'\1119:;u'WYin~1 h (fl'l1~\1~'lJ'iI~U1l '1J'iI~LLwil1:;..r~~1n1~'l'\111 (Q) H LY1'i1U1'ltl~1'W'lru'\11• 

~'W~'\1U1~1iln1~'l'\111 (Al LLI1:;U1~'W~'\1U1iilliln1~'l'\111 (Al 'ltl'\11~1fl'l1~L~'ln1~'l'\111(V) ~nYi. , 
LIilU ~11 n1~'ij Lfl~1::\1'\11 f1'l1~ L~'l ms'l~11 (V) 1'Wn~~:;U1uU1\11~1~'lYi9::~1 n1~~1'W'l ru'l~91 n 

~~~'lJ'iI~LL~'WU~ 

_ ~R21J "lf2
V - .) 

n 

V f1'l1~ L~'l L'il~U'lJ'iI~ rns'l '\111 (rn/S) 

n ~1&'~tI~:;l'1'Vljffl'l1~'lJ~'lJ~:;'lJ'iI~ Manning• 

k = 10 ~1'\1i"'lJn1~~1'W'lruilf'lu'\1'l.hm'iI\1 'l'il 

= 

LIilU~L~1\11~1~'l~9:; ~1'W'l ru'\11 fl'lil'Vlwll 11 1'11\1 'If (R) 'lilf91n\1 • ~~'lJ'iI~LL~'Wti~1'Wlll1~1~~ 

2,4 l1~i'W~ 'W"1'W'Vl1~L~'lJ1 Aruli1'1J'iI~'\1U1 ~1il'Vl1~~11'WU'Vl~ 2 LLI1:;\11~1~'l~9 :;'\11..r1i1~1 rnsl'\111 
" 

(Q) 'l~91n\1~~'lJ'iI~LL~'Wti~ Q = AV L~'iI~1n1~~1'W'lruLL~'lih::\11l-J1~'lU1~1~'l~~1• 

LWUULYiuu nu ~ 1~'lilf91nrn ~'VlIilI1'i1~'l1u~ 1n~~:;U1U~1~U1 ~Iil~ L'\1~ U~ fl1 ~'l.U;j il..r~ ~1 n1~ 
!lo> , " , , 

~:;U1U U1Yiif'ilUn~ 1n~~:;U1U U1 '\1 if1 iilliltl ~:;U,n.l ~~\11~ 1~'lU1fhYi'lilf~ 1L~U 'Wnn'i1 r;i~ LL\1Iil~1'W 



Fl
":

tJ
~,

,(
m.

) 
n'

il
l~

 L'
I.
W!
J'
l.
Jm
~1

1I
'il1

m
..1

'\l
I'!

l;
\f

l'
J1

:lJ
'j1

-:1
'ii:

:IP
1'I

.J
lih

-:l
 '1

 

0
0

6
 

0.
05

 

0
0

4
 

--
+

--
j"

1~
U1

~1
\1

~1
~@

l-
J~

~n
i 

--
-1

1
-
j"

1~
tJ

1~
1\

11
Jr

~~
fi

mJ
"1

 
aD

3 

0
0

2
 
I 

o
ci

 1
 

~
G
1
o
;
,

 m
o;

'\V
1i

l(c
m

s)
• 

-=
 

0
0

0
 

" 
~ 

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

 
, 

0.
00

 
0.

05
 

0.
10

 
0

1
5

 
0.

20
 

0.
25

 
0.

30
 

,
,

. 
~l
H1
4.
1 

~l
mm

J1
vU

IV
\V

UV
\l

l1
1m

1i
\1

11
~f

J~
'I

1~
 2

 \
1U
'1
.r
\l
lV
\1
~~
Um
l1
J"
J~
~W
l 

c»
 

co
 



70 

, 
Q = ~ARi!S~ 

n 

AR';J ­
n= Q !So 

oJ 
1ll1~1~VJ 4.4 mnn1'i1i snl ~::i1VJ t 11 ~ 1 ~'lI t'll ~::'lI'1I~ \\~ 'l.Iti~~'1i Illnm~1ii 1~ 1 'lI'1l~~1~~::1J1 tJ~1 

• .~ ~ 

VJ~ 2 l-l'l.l11ll11l 

1--------,---------. 
Q(cms) Q(cms)n n 

0.0495 0.0157 

0.0413 

0.0174 0.0315 

0.0129 0.0167 

0.0350 

0.0223 

0.0158 

0.0245 

0.0105 0.0195 

0.0128 0.0155 

0.0153 

0.0150 

0.0175 

0.0098 

0.0140 0.0098 

0.0165 

0.0056 

0.0135 0.0065 

0.0160 

0.0040 

0.0156 0.0048 

0.0150 

0.0025 

0.0035 

0.0149 

0.0016 

0.0021 

0.01300.0126 0.0010 

. .... ... 
0.0156f11~~il!lf11~~il!l 0.0140 
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