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490 CHAPTER 15 « FLOW IN OPEN CHANNI

Typical Values of Roughness Coefficient, Manning’s n

Lined Canals n

Cement plaster 0.011
Untreated gunite 0.016
Wood, planed 0.012
Wood, unplaned 0.013
Concrete, troweled 0.012
Concrete, wood forms, unfinished 0.015
Rubble in cement 0.020
Asphalt, smooth 0.013
Asphalt, rough 0.016
Corrugated metal 0.024
Farth, straight and uniform 0.023
Earth, winding and weedy banks 0.035
Cut in rock, straight and uniform 0.030
Cut in rock, jagged and irregular 0.045
Gravel beds, straight 0.025
Gravel beds plus large boulders 0.040
Earth, straight, with some grass 0.026
Earth, winding, no vegetation 0.030
Earth, winding, weedy banks 0.050
Earth, very weedy and overgrown 0.080

Manning Equation: Traditional System of Units

The form of the Manning equation depends on the system of units because Manning’s equa-
tion is not dimensionally homogeneous. In Eq. (15.15), notice that the primary dimensions
on the left side of the equation are [’/ T and the primary dimensions on the right side are 150

To convert the Manning equation from SI to traditional units, one must apply a factor
equal to 1.49 if the same value of 7 is used in the two systems. Thus, in the traditional system
the discharge equation using Manning’s n is

1.49 /
Q =~ “ARSy’ 5.16)

In Example 15.4, a value for Manning’s n is calculated from known information about a channel
and compared to tabulated values for n in Table 15.1.

Apply the Chezy Equation to find Manning’s Value of n Water flows in an channel with boulders:
it Blow e Ghaned S, = 0.003,B = 100ft,y = 4.3 ft, f = 0.13

Prob Statemer Assumptions: R, = y = 4.3 ft (because the channel is wide).
If a channel with boulders has a slope of 0.0030, is 100 ft wide,
has an average depth of 4.3 ft, and is known to have a friction |
factor of 0.130, what is the discharge in the channel, and what i 1. Q(cfs) #= discharge in the channel
|

is the numerical value of Manning’s  for this channel? 2. n*= Manning’s n



e

L R | OPen Ahamael Wydeaslies L Ay

Qg Q\\GMV\Q_\ Qow iy aw \‘w\?evkqw\ e m g-Q C\vﬁc\ mechawi cs $g~r Qi
Qwa‘v\\.\ﬁ. 1k qk%c*e't\:g,g !t‘r«. Clow W Xiyersy §

- i -'-;-_;.j wees Such

AS Wes 150 ways amd Slwiees . Qpew howndl Plow munst Wave

3™ ‘ s Wit Al Aist'.\f\cws\. CkV\qL P‘o\nl ckg?r\\,\ A&?\M\A\m& awn

The bolonce bekwan A downslepe Lompaned 2R Qraviky and bad

E\T\TC-JHQV\ .

S“ '“f* “\‘k‘*vg\‘am Qia\.\ﬂﬂ QQ" é‘\m\ﬂ‘@c'{‘o&:o“ '{'L\ ?\QW Quk\kf‘gs
6‘% Q.'\usuz\ Qavwdui| s\ m? VA Q\,\N,\“’_\ Q‘\uw o

e L\
Nithg > th;
1 =
Flow ';]‘ 3?'
‘_l\mﬁ‘——
Z{ E‘L
S A, _&L)___ @E%
® @
fipe Claw Open havine! € fow

Peopitethie Swmilaciy bhweon Madtuwe kinds of Slow , % mash
be ©oivbivg o e Qo\w"n nets :-

% TR R culWiey Ao Selve prablams of Clow tn Q?\wd'\m\\s R R
Tip e betaunes e Claw Comdibions iw APW Chonnt) o, c:,.n\?hc_u&u\
&\H..Jc 05
b Vc\w‘\qbi\'\3<3 oR Posibion of QLree wloce whidh will Q\\a\msq with Fiwme

A\ Space, .

— T a\q?\\dﬁ Now N '\'L;L &\%QL&TBQ\ ,dk\f\é\ MS\G?Q X Q‘r\o\vwxi\ \QGQQGM
andtle Qree swRoce ae all ivdec degundent


HP
Highlight

HP
Highlight

HP
Highlight

HP
Highlight

HP
Highlight


,13’( Semesec Q\?"{m Q\(\NM\Q,\ \\\5&(‘0\\&\1(’,& Z c—? A

* Sical Condifions in apan chawnal Venew wineh  wore dhom in Pipe

Whiare , e avess sadhion o PPN i Unmelly ‘(\3\.\\ o buk Qor apen
chanad A br teaae

R The voughness in op wn Shawad) e Considaved the wwin Voxiahle
et o be dars . Qlow mownax fromSedhionte OANQ‘“»AN-
(= % “t\-.\‘b\uﬂnh\ss Nn‘\)e\\:?\wk o Mg J&?&L\d—% Plow)) .

=/ | 5 FO“OWI::S C’assig,c_qx“b“? N W\Q‘LQ_ QCQQNRLN\& "n: Qlf\mhﬁ\ v
P low é“?"“\h witlh “SQ\Q&' Yo dime owmd distanee oo

¥ Feadg & Unsteady 2 Thne is 4o Cridavion | .
gl i Said Yo be Sheady 18 4@% ak o Secliy

does nok Qk"w\at Poe fha Lime wWader Consideval on « Maecwise (S Q—-°~'\°\

Yo be Whn—sk ¢
e

el

a@k\é -

¥ Unefoom Flow s tskanes. 13 He. Colkarton ke
Tha: Llove 18 Sedd Yo e \.kv@'%a*vm ¢ M 5

ove e Same. ot vi—:‘_\) Seckion QQ- C_\r\owxl\r\&.\ (m%-.mﬁlow

W prismakic Chawacl)

—

Feom Hot aboave dlinthion “EHREIEIRER " (., 4 dupth Rvateciky
QECEEED Wity bt TRORIEREIR, . T Rndamerd

Fype R Flew i aqan 0P homnel OTCNCS Whan ootk

% Qoccrs ove
in en\'\ﬁ\t\b*t"\wv\ Wi, cesistanes ?ﬁm
A

* w
T Septh vases with SSREIETRIASS s < TR Fapd
>R Clow Mo e @idther

Grodually Varted s Ragidy variad .


HP
Highlight

HP
Highlight

HP
Highlight

HP
Highlight

HP
Highlight

HP
Highlight

HP
Highlight

HP
Highlight

HP
Highlight

HP
Highlight

HP
Highlight

HP
Highlight


it

sk
1 Jemeskec Opewn Aol \‘\5&1‘0\\*\\&% 2 st «

Tle Mmﬂ_‘j Voried Llow vw.s*ux'\ﬂs Lo 0‘??\‘\%*‘_%‘ gwngxl

ond  Ceiektonal eS8k ownes, e.qiuxa\kwws s While, -\-l,;\ W?‘\ 0\\3 \IN&"\\Q

e ————

Plow ‘guives Yo applt coda Ao (AR

(s~ Ciop balow foe damonstrakion o Q@““*SPQ,Q Blas
(N ?V‘&-d:‘\&q. ) -
RvE, GvE RVE|GVE [Ru|GYE |[RvE| GVE |

e
A
L8 T

e C—“"ﬂ*\o\&\ﬁ V\«.'.A\.:L %Q.mww.!tﬁc. 9?0?\.\-)({._3 axe ?b‘naww ¢\
‘F o\\ows '~

3
E&

— Depth CWN » T, vaxkical diskance Crom lowesh Poink d‘? C‘.\:\Nw\\.\
Seckion fo Fl e Swfencn .
- 5*«3{ (%) + T vsckical diet onmen Lrawn '&v\,\ Qv'u. SU\&M\'\'Q
o owlatk oy Kodumn
= BArex (AYE e cess-gechionad wcan A Clow , noomal 4o
th divackion o Clowr .

- W‘c\é{mé\ ee:e{mm-‘cq.-o (‘P\ < Tl \‘,\..ts\\,, R A WORRA Swekocx MW.S\&\A
MY‘M '\cp Al A‘N‘te\{m\ o—? “Q\N '

= T3 width (T7Y: widdh o® e channel Seckion ok the frae

s wKNoce .

- \-\B&m\&k:c_ Rodius (RY 1 e vodioc R area 4o Weke d
Tearimeker whece 51—~ R = A

— \’\a&(‘o\u\{m AQQ\\\ (Mb Y T v",‘j"ﬁ X oncernto "Top widta W~


HP
Highlight

HP
Highlight


|

g3t

Semeshey-

Q?QY\ (\(\Q«\V\i\ \'\\A&mm\\cfx Y of A

Fundamental Equations

TRa agnations which describe He Clow o Wakew owe devived Rrow
e, fundomantal laws &8 '?\f\j sies s
@FECeonsacvokion s Mass .
@ Conservakion sP eneryy |
@HD Gnsacvation o wWiewmant um -

Q) WGV\S-;\-%“GQ“ s vnass)

for awy Cevhvel volume A\m‘-wj et Swall Kime tnharyal Mﬂ'-‘*&i’ﬂ
Yo {lig \ow Z e mass wherfno tlea Coanbvol Velume = tha woss
WWW—W

\eawi 4. Conkaal Volumy = Ve (:komag o® wass Within A Contvol

Ub\\MN\Q. S
e —

IF o flow (s S’coAJ % mcewmpreasible the Masy o} Flow 'N'r«'lg
s Q-H‘M\ o i wass \q_o\v\'n.; y Whaee (-

™ass w\-\-w\v\a = wiass leavivg ——— ~@©

Lo <avbrol Velume ¢f Clow in open Chanwnr) Shows in Qcos balow

i {1 e.q.i Can be \Jri’c’tw\ as -

LP@ZM = P@u‘:l @

alsos Ho clfscl\o.vag Known ol 3 —

ﬁ"ﬂpﬂrg e C-wlr‘wx\& \Q\\!\-N\lmrs Can be wedken A 4—

Vashy = V:R_z:—@)



HP
Highlight

HP
Highlight

HP
Highlight

HP
Highlight

HP
Highlight

HP
Highlight

HP
Highlight


']

a5 Sewecke
* QPQV\ C\\uv\\.f\q\ \B\\SA'{‘CMA\‘\C% 58 |

for any atven Systemytle chavae v anere A is o.q‘m\ Yo fhe dfRevance
bebweon Hloe et AromsBrend do 4l System ondh A work, done by

e "‘m, shem . 'ﬂ_:'-_____-w\\.vqﬁ _-'_v\ o Unonmne Clow T‘?yxs-.“-\ -\L\

total saveny o ""Lusgs’n.msw\dc.\m i3 Mo suwn of A 'Po*-w\\o\\

Q.V\'!N‘Sj sy Einekic Q.V\\.*%j S c\v\u\ ?Nsswr\ Q"“‘“Si .
] W
In \f\\y\m\i\\\'c. ape i cslion -\~\~:'msvoy!\\ Convacked *o l\_‘t_;'i\
norder ko ek o bethuw Teel mw‘tsu\k'mg\oekkwom R

e System (s i belew)

:

Na. q‘“‘“.‘)‘j ok mﬁ?ﬂw\* wWakain A~ (.voss-SeC.-\-‘ev\J'(- an\u 'S

oS Can be Seen in Qzﬁwq_ oQtam tx?wssé W e Doy

=) Btuokion heod ;s E
B Presaney head (deghned How)) | B/ oc Y

= Nelo Q-"QS heod, (kinekie wweey Y \I?'I'Z-‘ﬁ
Because ‘L“"*""A‘j & Cansarved , % oncvoss vy Xwo oty twn

e Tlow <ewteol Voluwe wmngk solonce | Wharg Al !.vxwoq o adween
WY Ao Seckiawe sR cawhvel Uolume Yalee dle Rallo wivxj Qaew t—

Z, +§3‘+VF‘['2.3 = B 4aY, V::{'zﬂ —\-L\L_ e @



HP
Highlight

HP
Highlight

HP
Highlight

HP
Highlight

HP
Highlight


45K Semeskey Apen channel Audondic s 6 &% {1

@ The, Momeantum EC\.\M\’UQY\ CGanSQ.w«‘ﬁond‘g Mowmant U )
. " " t
Again considav-the cankvel Volume | A\M"wwy“fq. time £t

Mmomenkum Entert = P itV
Momentum Jeaving = £ Q2 t Vo
BJ tle C.bv\lr‘w\v:]lcj Q{ o~ @\7_:. ®
PR ¢ \g.j [\}!.\J'l'enls Secevnd XN F = vode GQ Q-L\N"ﬁ‘!. ﬁ'? WMo muatim

deov = v
W\r\'ut‘lh r = -—M mw?t M il

then F' = PG? (V‘z.';\/'l)j\ @

Eﬂ-'-[ 'S '\'LN.. Mommjcwm qux.ev\'\‘bw @ev S\Mj Q\ow Qo*f c&\cqﬁm
f  watkorm Nelosdhy

Lawinac & “Tachulerk

As in Ci\pes ow\:}x A\ Q\bw s el Q\ow W oan 0?‘»\ Chawne! W\&j \o{
Shhee \awinayr o fudowland « TTRe Svikeciann Qor At&ww\w\\vﬁ M*SP“'
of Clow s Al Rtjm\&‘s numbeye , Re .

T pracies Mo Limh for dnrbulewdt Mow is nek Te Wall dafined
in Chomvial ag % & ' TIPS So [ Re= 2oso| iy oflen Yoken ag
e Aieeshold Coc Auronlent Qlow . Alse in Prackice | flow iwn
oPwn Chawnels is Vanally i A vonah kucbulent Bone and

C‘M's"sc“”‘ttﬁ Stwpler Rrickion Lormulo Vo e 0\??\"'-0\ to veleka
Qﬂ‘%t\@onc\\ \osses 4o \ls.\ocilcﬁ o Chaowne) S\'\R?'--

Q

evelopment of  Lricbion Qovewmula

Whan uniform flow ocewrs Growikokione) Yevesy Q.XM*\‘j boalance, wia
e gﬁc_-‘ring\\ us;s:\qma. chc % S \Q\\'\Q\\ m??\j AS

Q\ov\S A \QQ\AV\&O\YA (drhownel bed M\J\ wo.\\s\ .

Cav\s'\&“'thc:)"(\m_& o dow A\

Yeaw, L —
- Tha %vow'.'\-3 Loves, VNG \ oy A\ft‘&iﬁ’f\ Q"g Q\QW i'ﬁ'b
GE S N ALEND i i mienifl)

o Shear Lacce



HP
Highlight

HP
Highlight

HP
Highlight


1 nesle
Falrsiur OPen Clasnel Hudovaulics 7 of 4

4

..."m-q.buunda«-j sheac QQW‘C'- >
8= BPL —~~—~—B

Theen in uv\rfwm Flow GF s Sk . dhat & 3

¥ALSW® = ToPL — ©
for Small SlePg QLM\V\Q.I ‘HNJ is Yeleve to S-"ABA“:{““Q'E— Sa

Wheve ,So, Hee bed S]opg , e n
T = K?;So ~ ¥ RS, — @

s Shay exsiven |
Clow by &efiwibionaf

e SeTn Qtckion CoeRictank Cg_ y A bed Sheae Shvess Con be felated
Yo avavage Velo c.i*% %~ Y d

Co =G (£ PV?)
e T =Kk \V?t —---—-*-*--“"""“'"©

wWhen Subsk Wukiveyinto Ed.d qives 3

Vs JERSe ———o @

LE ayouging Hae Comshaks dooediver s dumetedna@n’ P will beg

l\/-—-CJ_R'SZ EEEEars &)

TWis is Al ¥ Q\n’-‘%j " Qs‘“w'ﬂm ondl e
as in KL c;\n.g-m&w:) o Clud PYoparties and Sheasr vesistan ee ,


HP
Highlight

HP
Highlight

HP
Highlight

HP
Highlight

HP
Highlight


\

{ sk Semester O?Q‘\'\ Q&\cmvw\ \‘\jn\m“\lcg B o 4

M-m:b S\-\he}& s \qu. \Ot.m W\NJ\'\ .ri '\'\M. evaluakion d‘?— ¥ C,“ rt“’

SR ccank SN hamncelg - REABEE MARRRRA 295) Jerived e
po\\ov-l l::) ’Q,W\?'w‘\ \ \rg\o\-\“gv\ »?qf i @ 2 ba\stA \A?QV\ Q—‘.‘-?\‘(‘M"\*Si
\/é
LA

Where ‘NN is 4w an\wa's Yamak wess  Coelicienk, “This Coe®icirut
's valokg A «Recky R S—‘g?ém_ g ind xS\w\Q{ ;%&‘:osmm\\‘eﬁ

“"‘- Vﬂ“&mss\r% Led £ 2ideg R el (Tables ‘30'?.9&"'30'2.(.)

\\\\A‘a\vn&t N Wi de ‘cuwag R Mg Colliciwund .

W han &u‘o&\iuk’.ﬁ E% C iwke EYS Atves Wl Known
M"‘MV\‘\ '! Eﬁw:u“ >~

L Shewtld be noted Tk S\o?\ Yelervred tw Eqd Cun%{&m:

vy Arede \ww, slooe  (RIGATRENR
HGL £ bed Sle?g e, oave all tn pParalled | Do dah
Sg_ =% s W\‘\'N‘Q. Sg’ o e S\e?!. G'g E.Y\'“"%j \ine, .

Ccvxxm.j ance

1€ “.-;w«awbo_é\ -y T as ‘k;:k Qu\\ow‘wﬁa l:\om
3 <CH A ok
CR =\«A = n A ('-P"*) S -

) 5/3
"Hmc.l’\ ® = -—ﬁn .813_273 . S yz_
"Far ‘H~¢- Same -Fluw c_ovxclt"{'icm, S'LNPQ. awnd Y‘oba[mess 'Hn-.
dischaae 'n OPen C,kowme,[ Canm be QK‘)R%SU:( as i~

M = < S }1‘\ “““““““ ®
"K' iy colled C-vw?mcs., Coficiudd % iy o measUune R 4l

Y\ow 3 \ww."; EGL )

ol


HP
Highlight

HP
Highlight

HP
Highlight

HP
Highlight

HP
Highlight


Y

s

|
Semetlec

Q\?QV\ Ck(\cw\m\ H\’\&{‘o\m\\cg 5 of 41

Caveying Copacity of o channdl + For aspassfiad "R A
CW\\.B {VQ\U\W'\VNB ?G\\N\M"\:\Q(‘ oW c&-"sdmsg s Al %\a?t o S”

l A‘S/B
\kﬁ'r_{.f)yg \"‘"“"""‘"“ @

% T "\??\'\Qo\\‘-an t_kc_nw\lﬁjmv\cg wxots be. u\":’aa\\kj\"c.»w '@h\"

Cl ewechivay L é\ism\/\e\v%t owvch Sh X s} camBPound chonels.

Pachicwae Channel Shapes,

A 3 5 !
T eodln Coge “‘5“ ts Yo depli o
= T e
OW S-L
* th&hju\a« clhonnel
R A . B b
P by
B Wide Clonme | J—— T ———f/
Tre chownal 15 contdmdas awida, : _'5"13
7‘£+L~l'ma+q.ggjb<<i z g
¥ 'T_mpv.%a'.éu.l clhanne |
. alem)
b2y V1422

TRe geometric dements R J R evant Chawnel Secktion Can be
Shown in Table. Bol .

Fow ANy Opivenm Aisc\p\avag v hwe Wil La o Pav\-‘.cu\qv Nnoywaa| C(Q-PJ“'\

S 77 n\wm\ﬁ%&_ P Unaanel plcw y % i uc,“,\“‘\j “Q_c.sgw-:)

to know tle veemal depthn V‘Q‘“;V‘b o Cem eyoner Ec\'?d‘h
Coenn be TL-NT'\\‘\S (Iwn SI-—-U\v\‘w\*\\
b A
k = "'{_" s R’g \A

&


HP
Highlight

HP
Highlight

HP
Highlight

HP
Highlight

HP
Highlight

HP
Highlight

HP
Highlight

HP
Highlight


1
4% Sameshe(

Ofen Chawne!  Hidvautics bo of I

Note thodt .|<, 'S o LCanclion d'e ST WA J\qr?{-\\ ‘?N?“.j(.“$ "—?r
d«av\w&.\ ‘SQQ:‘:‘.QV\ aw\J\ ﬂomwl »3".‘ cae® icient

. B3 will be
Bl W\“\sl'\?\b\w-ﬂa \oli ovea R vess Seckion
n g
ﬂRwa' — = P’LK e e
5 0

Eq.to , tlusheate Mok For aspeti@ud valus @ v,  ,and §
% Can be =el\ve *\'\'1& 'wau\mw "‘Hb &’Jtt‘rm'wg_ ‘H.._ iarwma\ d&v“\

Compukodion o Normal dephls

—

@ Using Chow (859) desioln Curve ((See Qion §o1) .

@ Trvtal £ Ewvveovr PY‘QQAJ«UW'!.

@ Vov G\Spqtre‘s\é\ Cross~Sechion oFf QL\M\V\!-\ » Wse tlhg
po\\awtvﬁ E,q\mléo\f\s L—
GG wide T!.Q\Nna&k\qv Q_\\QV\V\\\ ~
-9 = % (dischavae Do wnik N\J&k)
Ua \
= F AN AR SE (M BY)

& R = %Ua Qo W'\J\'r‘tér“v\\m- QL\NMW\)
50 'A 3(8
e N3 oy ()
i ~> \NE
a“'\ is T&‘“ E%. {Q \T‘S-.‘ \\ bQC_QMQ_‘ sy

Y= ()" | commmmm——

Note Hat Bl Used Yo colenlsbq thoo movmal daghly for

- r ov Rec )cowxﬁu.\aw‘ CL\p.nv\\.l :

f‘cR-.wku: to TTable 2ol Hw H&m\u\im Yodiug X Rd‘mos»\\xv
Chowael Were Calcwlaked ugina Moo Qellowine axpovession —



HP
Highlight

HP
Highlight

HP
Highlight

HP
Highlight

HP
Highlight

HP
Highlight


<k
2 Semeder QP an 5 — \\\5<km\:cg (t of

R = b Y _ ™
b+’2.3 - ‘—\-?:EL

5/3
—‘:L"-V‘ 3 q. a \[—_‘

n (l-l- 'z,______\':,‘ e

1 viaed Lo Colamlode Xlw narwaal éw?‘c\r\ Wmm“%t*‘& above

*Gumw‘as '\t ° \oe.caww_ as

3/5 2/5
n_( ) H,_._) —_———————®



HP
Highlight


STORMWATER MANAGEMENT MANUAL

TYPICAL ROUGHNESS COEFFICIENTS FOR OPEN CHANNELS

TYPE OF CHANNEL AND DESCRIPTION MINIMUM NORMAL MAXIMUM
EXCAVATED OR DREDGED

a. Earth, straight and uniform
1. Clean, recently completed 0.016 0.018 0.020
2. Clean, after weathering 0.018 0.022 0.025
3. Gravel, uniform section, clean 0.022 0.025 0.030
4. With short grass, few weeds 0.022 0.027 0.033

b. Earth, winding and sluggish _
1. No vegetation 0.023 0.025 0.030
2. Grass, some weeds 0.025 0.030 0.033
3. Dense weeds or aquatic plans in deep 0.030 0.035 0.040

channels

4. Earth bottom and rubble sides 0.028 0.030 0.035
5. Stony bottom and weedy banks 0.025 0.035 0.040
6. Cobble bottom and clean sides 0.030 0.040 0.050

¢. Dragline-excavated or dredged
1. No vegetation 0.025 0.028 0.033
2. Light brush on banks 0.035 0.050 0.060

d. Rock cuts
1. Smooth and uniform 0.025 0.035 0.040
2. Jagged and irregular 0.035 0.040 0.050

e. Channels not maintained, weeds and brush
1. Dense weeds, high as flow depth 0.050 0.080 0.120
2. Clean bottom, brush on sides 0.040 0.050 0.080
3. Same as above, but highest state of flow 0.045 0.070 0.110
4. Dense brush, high state 0.080 0.100 0.140

GRIGINAL ISSUE 3/27./06
s A CHOW, V.T., OPEN CHANNEL HYDRAULICS
AR McGRAW HILL BOOK COMPANY 1959 TABLE 802A




STORMWATER MANAGEMENT MANUAL

TYPICAL ROUGHNESS COEFFECIENTS FOR OPEN CHANNELS

TYPE OF CHANNEL & DESCRIPTION MINIMUM NORMAIL MAXIMUM
Brass, smooth 0.009 0.010 0.013
Steel: ; : :
Lockbar and welded - 0.010 ~ 0.012 0.014
Riveted and spiral A3t 0.013 0.016 0.017
Cast Iron: - ‘ '
Coated 0.010 0.013 - 0.014
Uncoated 0.011 0.014 0.016
Wrought Iron:
Black 0.012 0.014 0.015
Galvanized : 0.013 0.016 0.017
Corrugated Metal: ' ZE
Sub-drain 0.017 0.019 < 0:021
Storm Drain : 0.021 0.024 - 0.030
Lucite 0.008 0.009 - 0.010
Glass : 0.009 0.010 0.013
Cement: - :
Neat, surface ? 0.010 0.011 0.013
Mortar : 0.011 0.013 0.015
Concrete:
Culvert, straight and free of debris 0.010 0.011 0.013
Culvert with bends, connections, and some 0.011 0.013 0.014
debris 5
Finished _ 0.011 0.012 0.014
Sewer with manholes, inlet, etc., straight 0.013 0.015 0.017
Unfinished, steel form 0.012 0.013 0.014
Unfinished, smooth wood form 0.012 0.014 0.016
Unfinished, rough wood form 0.015 0.017 0.020
Wood: '
Stave 0.010 0.012 0.014
Laminated, treated 0.015 0.017 0.020
Clay: : ]
Common drainage tile 0.011 0.013 0.017
Vitrified sewer 0.011 0.014 0.017
Vitrified sewer with manholes, inlet, etc. 0.013 0.015 0.017
Vitrified subdrain with open joint 0.014 0.016 0.018
Brickwork: SERA R
Glazed 0.011 0.013 0.015
Lined with cement mortar 0.012 0.015 0.017
Sanitary sewers coated with sewage slime 0.012 0.013 0.016 -
with bends and connections
Paved invert, sewer, smooth bottom 0.016 0.019 0.020
Rubble masonry, cemented 0.018 0.025 0.030

Revision Data
ORIGINAL ISSUE 3/27,/06

REFERENCE:

W/RC ENGNEERNG < CHOW, V.T., OPEN CHANNEL HYDRAULICS TABLE 802B

McGRAW HILL BOOK COMPANY 1959




STORMWATER MANAGEMENT MANUAL

TYPICAL ROUGHNESS COEFFICIENTS FOR OPEN CHANNELS

TYPE OF CHANNEL AND DESCRIPTION MINIMUM NORMAL MAXIMUM
LINED OR BUILT-UP CHANNELS
a. CONCRETE
1. TROWEL FINISH 0.011 0.013 0.015
2, FLOAT FINISH 0.013 0.015 0.016
%) GUNITE, GOOD SECTION 0.016 0.019 0.023
4, GUNITE, WAVY SECTION 0.018 0.022 0.023
b. CONCRETE BOTTOM FLOAT FINISHED WITH SIDE OF
1 DRESSED STONE IN MORTAR 0.015 0.017 0.020
2., RANSOM STONE IN MORTAR 0.017 0.020 0.024
oy DRY RUBBLE OR RIPRAP 0.020 0.030 0.035
c. GRAVEL BOTTOM WITH SIDES OF
1. FORMED CONCRETE 0.017 0.020 0.025
2 RANDOM STONE IN MORTAR 0.020 0.023 0.026
3: DRY RUBBLE OR RIPRAP 0.023 0.033 0.036
d. ASPHALT
1l SMOOTH 0.013 D.013 —
2. ROUGH 0.016 0.016 -
e. GRASSED 0.030 0.040 0.050
Revision Dale
ORIGINAL ISSUE 3/27,/06
REFERENCE:  HOW, V.T., OPEN CHANNEL HYDRAULICS TABLE 802C
i pac McGRAW HILL BOOK COMPANY 1959 80




STORMWATER MANAGEMENT MANUAL
GEOMETRIC ELEMENTS OF CHANNEL SECTIONS
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Best Hydraulic Section for Uniform Flow

FIGURE 15.5
Best hydraulic sections for The is the channel geometry that gives the maximum discharge for a
different geometries. given cross-sectional area. Maximum discharge occurs when a geometry has the minimum
= T wetted perimeter. Therefore, it yields the least viscous energy loss for a given area. Consider
V= B2 the quantity AR in Manning’s equation given in Egs. (15.15 and 15.16), which is referred to
e as the section factor, Because R, = A/P, the section factor relating to uniform flow is given by

A(A/P)™* Thus, for a channel of given resistance and slope, the discharge will increase with
increasing cross-sectional area but decrease with increasing wetted perimeter P. For a given
area A and a given shape of channel—for example, rectangular cross section—there will be a
certain ratio of depth to width (y/B) for which the section factor will be maximum. This ratio
is the best hydraulic section.

Example 15.6 shows that the best hydraulic section for a rectangular channel occurs when
y = :B.Ttcan be shown that the best hydraulic section for a trapezoidal channel is half a hexa-
gon as shown; for the circular section, it is the half circle with depth equal to radius; and for the
triangular section, it is a triangle with a vertex of 90° (Fig. 15.5). Of all the various shapes, the
half circle has the best hydraulic section because it has the smallest perimeter for a given area.

The best hydraulic section can be relevant to the cost of the channel. For example, if a
trapezoidal channel were to be excavated and if the water surface were to be at adjacent ground
level, the minimum amount of excavation (and excavation cost) would result if the channel of
best hydraulic section were used.

Finding the Best Hydraulic Section for a Rectangular 1. Relate A and Pin terms of y:
Channel
A
= R ihoy
Prob y
Determine the best hydraulic section for a rectangular channel 2a. Minimize P:
with depth y and width B. P _-A :
Defir o d), ,V: S
Water flows in a rectangular channel. Depth = y. Width = B. A 5
IZ 7,
Stat Goal /
Find the best hydraulic section (relate B and y). 2b. Express result in terms of y and B:
B R TR Tr A=Bys0
t A =By = ; 3 By !
1. Set A = Byand P = B + 2y so that both are —=2 or y=<B
a function of y. ¥ 2

2. Let A be constant, and minimize P:
« Differentiate P with respect to y and set the derivative %
equal to zero. Knowledge. The best hydraulic section for a rectangular channel
occurs when the depth is one-half the width of the channel

« Express the result of minimizing P as a relation XA
(see Fig. 15.5).

between y and B.

Uniform Flow in Culveris and Sewers

are conduits that carry sewage (liquid domestic, commercial, or industrial waste) from
households, businesses, and factories to sewage disposal sites. These conduits are often circu-
lar in cross section, but elliptical and rectangular conduits are also used. The volume rate of
sewage varies throughout the day and season, but of course sewers are designed to carry the
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upsteeam and superceltical flow occurs downstream of the sluice gate in Fig. 15.9. Subcritical

ows cortesponds o & Froude number less than one (Fr < 1), and supercritical flow corre-

sponds ta Fr = 1. Some engineers refer o subcritical and supercritical tlow as © |/ and
| tlow, respectively, Other aspects of critical flow are shown in the next section.

Characteristics of Critical Flow

Critical flow occurs when the specific energy is minimum for a given discharge. The depth
for this condition may be determined by solving for dE/dy from E = y + QF/2gA” and setting
dEdy equal to zero;

dE Q° dA

dy W

However, dA = T dy, where T is the width of the channel at the water surface, as shown in
Fig, 15.10. Then Eq. (15.21), with dE/dy = 0, will reduce to

QT .
e 5.21
or
A _ @ g
T, gaAl i
If the byl terin, 12,08 defined as
A
D==
T

then Eq. (15,23) will vield a critical hydraulic depth D, given by

D~ Q, - i
LAz 8

— ¥ 73 ﬁ/ FIGURE 15.10
r( ’ 7 /' Opon-charnel rdatars.
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Solving Fq. (15.35) for ¢ after discarding term with (300" assuming an mfinitesimally small
wave, yields the i

PR U

Tt has thus been shown that the speed of a small solitary wave is equal to the square root of the
product of the depth und g

15.6 vl

Occurrence of the Hydraulic Jump

An interesting and important <ase ol rapidly vasied flow is the hydraulc jump. A [

i oceurs when the tlow is supercritical in an wpstream section of 5 channel and is then
forced 1o become suheritical in & downstream section (the change in depth can be torced
by a sill in the downstream part of the channel or just by the prevailing depth in the stream
further downstream), vesulting in an abropt increase in depth and considerable energy loss.
Hydraulic jumps (Fig. 15.23) are oftea vonsidered in the desgn of open channels and spill-
ways of dams. 17 a channel is designed W carry water wsupercritical velodities, the designer
must be certain that the flow will not become suberncal prematurely. 10 it did, overtopping
of the channel walls would sndeubtedly occur, with conseguent fslure of the structure.
Because the energy loss i the hydraulic jump is intially not known, the energy equation is
not a suitable 1ol for analysis of the velocity-depth relationships. Because there is a signifi-
cant difference in hydrostatic head on both sides of the vquation causing oppuosing pressure
forces, the momentum equation can be apphicd to the problem, as developed in the following
sections

Derivation of Depth Ralationships in Hydraulic Jumps

Constder How s shown in Fig, 15,23 Here, it 1y assumed that unitorm Hlow occurs both
upstream and downsteeam of the jump and that the resistance of the channel bontom over the
relatively short distance ! is negligible. The derivation s for & horizontal channel, but experi-
ments show that the results of the derivation will apply to all chanaels of moderate slope
(S, = 0.02). The derivation is started by applving the momentum equation in the x direction
to the control volume shown in Fig 15.24

z i IR S T T8

EGL
— e e & FIGURE 14,29
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or (both texms are in common use) o each other, in contrast t the alternate depths
abtained from the energy equation, Numerods experiments show that the relation represented
by Eqs. (45 t1and (1542008 valid over i wide range of Froude numbers,

Although no theory hus been developed 1o predict the length of o hydraulic jump, experi-
ments fsee Chow (3)] show that the selative length of the jump, Liys, is approximately 6 for Fr,
ranging from 110 18

Head Lass in a3 Hydraulic Jump

In addition 10 determining the geometnc characteristics of the hydraulic jump, it is aften de-
sirable to deternine the head loss produced by it, This is pbtiined by comparing the specific
energy before the jump to that after the jump, the head loss being the difference between the
two specific energies. It can be shown that the head loss for a jump in a rectangular channel is
(O 5

any

For more information on the bydraulic jump, see Chow (3). The following example shows that
Fq (15.44) vields @ magnitwde that equals the ditference between the specific encrgies at the
1w ends of the hydraulic jump

; m‘ i 10 il
?;w ,* !;-;J*L _"‘l : §
Flammualyc aiodd T 1 be "
Calculating Head Loss in a Hydraulic Jump 1. To calculate 1, using Fq (15.43), calaulate p from the
depth ratio equation (Fy. 15.42) This requires Fr,
‘ 2. Check validity of head Joss by comparing 10 E, - .
Water flows in a rectangular channel st a depth of 30 ¢ with e i s

a velocity of 16 m/s, s shown in the following sketch. 1t e 3o (Reouante: e Pl
Jdownstream sill (not shown) forces a hydraulic jump, what . v
will be the depth and velocity dovenstream ol The jump? What LE :’::?l ;‘: :;:..y » Vi g from R (£ 1342)
head boss is produced by the fump? R v ic
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A hydraulic jump is occering in a secangular \ he = 10300380 246 m

channel.
2. Compare the head loss wo F, = Ex:

p i 3
I, = (nm 3 -8 )~(3.s| A ) =0946m

« Calculate dawnstream depth and velocity. 2 % 981 12X 981

« Calculate head loss praduced be the jump. | The value Is the same, so validity of i equation is verified.

Use of Hydraulic Jump on Downstream End of Dam Spillway

Previously it was shows that the teansition from supercritical to suberitical flow produces a
hvdraulic junep and shar the relative helght of the jump (00 is 4 function of Fro Because
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Solving Fq. (15.35) for ¢ after discarding term with (300" assuming an mfinitesimally small
wave, yields the i

PR U

Tt has thus been shown that the speed of a small solitary wave is equal to the square root of the
product of the depth und g

15.6 vl

Occurrence of the Hydraulic Jump

An interesting and important <ase ol rapidly vasied flow is the hydraulc jump. A [

i oceurs when the tlow is supercritical in an wpstream section of 5 channel and is then
forced 1o become suheritical in & downstream section (the change in depth can be torced
by a sill in the downstream part of the channel or just by the prevailing depth in the stream
further downstream), vesulting in an abropt increase in depth and considerable energy loss.
Hydraulic jumps (Fig. 15.23) are oftea vonsidered in the desgn of open channels and spill-
ways of dams. 17 a channel is designed W carry water wsupercritical velodities, the designer
must be certain that the flow will not become suberncal prematurely. 10 it did, overtopping
of the channel walls would sndeubtedly occur, with conseguent fslure of the structure.
Because the energy loss i the hydraulic jump is intially not known, the energy equation is
not a suitable 1ol for analysis of the velocity-depth relationships. Because there is a signifi-
cant difference in hydrostatic head on both sides of the vquation causing oppuosing pressure
forces, the momentum equation can be apphicd to the problem, as developed in the following
sections

Derivation of Depth Ralationships in Hydraulic Jumps

Constder How s shown in Fig, 15,23 Here, it 1y assumed that unitorm Hlow occurs both
upstream and downsteeam of the jump and that the resistance of the channel bontom over the
relatively short distance ! is negligible. The derivation s for & horizontal channel, but experi-
ments show that the results of the derivation will apply to all chanaels of moderate slope
(S, = 0.02). The derivation is started by applving the momentum equation in the x direction
to the control volume shown in Fig 15.24
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or (both texms are in common use) o each other, in contrast t the alternate depths
abtained from the energy equation, Numerods experiments show that the relation represented
by Eqs. (45 t1and (1542008 valid over i wide range of Froude numbers,

Although no theory hus been developed 1o predict the length of o hydraulic jump, experi-
ments fsee Chow (3)] show that the selative length of the jump, Liys, is approximately 6 for Fr,
ranging from 110 18

Head Lass in a3 Hydraulic Jump

In addition 10 determining the geometnc characteristics of the hydraulic jump, it is aften de-
sirable to deternine the head loss produced by it, This is pbtiined by comparing the specific
energy before the jump to that after the jump, the head loss being the difference between the
two specific energies. It can be shown that the head loss for a jump in a rectangular channel is
(O 5

any

For more information on the bydraulic jump, see Chow (3). The following example shows that
Fq (15.44) vields @ magnitwde that equals the ditference between the specific encrgies at the
1w ends of the hydraulic jump
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