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7 i
% BAND 1 Steep barren impervious surfaces

o < o :
SRR BAND 2 Rolling barren in upper band values plat barren in
RARKKREL 1 £ £

RRRRRRKS ower part of band steep forested & steep grass meadow

W BAND 3 Timber lands of moderate to steep slopes mountainous
Sk\ farming

BAND 4 Flat pervious surfaces flat farmland wooded areas and
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ms9ft 1 AnANUsyAnBaeuYia C (finn Applied Hydrology : Ven Te Chow , 1988)

Return Period (years)

Character of surface %} & ®0 o &o ®00 ®oo
Developed

Asphaltic o.e/en  o.evey/ 0.%® 0.@o o.&o o.&'d  ©.00

Concrete/roof o.eW&  0.wOo o.@e 0.®w& o.e o.&e”  ®.00

Grass areas (lawns, parks, etc.)

Poor condiition (grass cover less than ¢o % of the area)

Flat, o-=% o.ene o.en@ o.ene/ 0.€0 o.€« o.€  0.¢€w
Average, \m-ev% o.eney/ 0.€0 o.&m o.c% o.€« o.&m oo
Steep, over ev% 0.@0 o.&m o.€& o.@« o.¢. o.&¢& o

Fair condlition (grass cover on ¢o % to ev&% of the area)

Flat, o-=% ow¢& oww o.eno o.en@ o.ene 0.€0 o.&am
Average, \m-ev% o.enen o.M o.n& o.c 0. o.c« 0.
Steep, over ev% o.me/  ©.€0 o.c 0.9 o.g« o.&em oXo

Good condiition (grass cover larger thaneve % of the areq)

Flat, o-\=% o.we o.\men owme o\’ o.oe o.eo o.c
Average, \m-ev% o.\e o.one o.en¢ o.ene o.c® 0. o.&%
Steep, over ev% o.m@  o.enen/ 0.0 o.€€ o.c/ 0.¢0 o.¢w
Undeveloped
Cultivated Land
Flat, o-% o.ne o.en@ o.M 0.@0o o.@m o.@e  o.&«/
Average, \o-e/% o.n& o.nw 0.€® o.€€ o0.€w 0.¢0 oXo
Steep, over ev% o.one’ o.@® o0.€€ o0.€w 0.€® o.¢c o6
Pasture/Range
Flat, o-w% om& oow o.eno o.n@ o.ena/ 0.€® o.&m
Average, \o-e/% o.enen o.M 0. o.co o.€¢ o.dx 0.6
Steep, over ev% o.eney/ 0.@0 o.@® o.€o o.«’ o.&em ovo
Forest/Woodlands
Flat, o-w% 0.\ om& oew 0.6 o.en¢ o.ene’ 0.€w
Average, \m—ev% 0.6 o.n@ o.M 0.€0 o.&m o.ce/ o.&%
Steep, over ev% o.en& o.one’ 0.€® o.€& o0.€% o.¢\ o0.¢x
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M99 o ANANUSZRNTIDINYIN C 1915 U5aLTIN5HRAET ¢ fNeo T ( AiNT: ASCE |, o eenln)

Description of Area

Runoff Coefficients, C

Business
Downtown areas
Neighborhood areas
Residential
Single—family areas
Multi units, detached
Multi units, attached
Residential (suburban)
Apartment dwelling areas
Industrial
Light areas
Heavy areas
Parks, cemeteries
Playgrounds
Railroad yard areas
Unimproved areas
Streets
Asphaltic
Concrete
Brick
Drives and walks
Roofs
Lawns : Sandy soil
Flat 2 %
Average 2 -7%
Steep 7%
Lawns : Heavy soil
Flat 2 %
Average 2 -7%
Steep 7%

0.70 - 0.95
0.50-0.70

0.30 - 0.50
0.40 - 0.60
0.60 - 0.75
0.25-0.40
0.50-0.70

0.50 - 0.80
0.60 -0.90
0.10-0.25
0.20-0.35
0.20-0.40
0.10 - 0.30

0.70 - 0.95
0.80-0.95
0.70-0.85
0.75-0.85
0.75-0.95

0.05-0.10
0.10 - 0.15
0.15-0.20

0.13-0.17
0.18 - 0.22
0.25 -0.35

~15 ~




AHLEiNYB9AM (Rainfall intensity)

pamdnesn | udndranesiunnaindmuAusu R Aradineu
gARDNULRANg IRt a U TFannuUL (Design rainfall  duration) wazAfsaLTiNISIAAD
(Retun  period)  @ymandNiNSrasAwsanTun1sAnsIEiAugnanen Bend nam
ANTNANTWEIDIANEN — B291987 — ANE (Intensity — Duration — Frequency Curves) %38 IDF
Curves fuaasdaatnsliugil 4 dosarueenuuudmunlifiduviadunanunnssansdaasia
(Time of concentration) TufLAs LN daudnsavdnisindudenlneRensonisauidefiaansula

WATAINIANITANATUEUT
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;mﬁ 4 ASINAMNEN—A291981— A9 HEDaIN (IDF Curves) 289 81889 9.12e9Ina
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7970 IDF #57991nN153A919iANd  (Frequency analysis)  Iael¥n1suanuasiuuisiua
(Gumbel distribution) %38 Extreme value type | A19UANUaIN AR B NEIIIRTHUANNAT Y
54 30 Wit 60 Wit 2 3l ingiu andieyaatifuewulussunaneditnintd Tnaudazgasaand

- ' a ' A | ~ ° a P A
gniden AFrnasuangegaaudasaafidenTuusazt gninundnssiaasdilagnisuanuas

) o ! =t a ¥ A o o & ' v
Z\I’Wifi‘iUV]ﬂ?i’NL’J@’]LLZ\]t‘jﬂUﬂﬂq‘iLﬂﬂsﬁ”lm’Nﬁ NHANMNANNUINUATAIINIANIDINY

AnsavituntsifiesniuafinaasdslaniafiazifanuanyinduaaudiaasWuiiden 1@

saudinigfiagn 10 1 vunedslaniafiasfinnuan s ar D7 duunn A Es iaaINusI NN AT

o A

arnnsm IDF filenna 1 T 10 959 10 wWesidwd Faflafiarsanlugasmamnusnnegiuindfay

| 4' @ [ o/ 1 Aa 4' a A 3 ' 3 ' a Aa ¥ =1
NUITNRTNNAE AN NIUIAFINAI92AARAY 10 THAAASY AYHUAISDLTINSR AN ADATAIN
ARuzasAtANnaziduses Tunseenuuulassadssamans avaaniEatsauiinisfagn
WnnzaniunIseansuANReaziin maueslasas9fiaanuuy TN BN] BILNINUT

TRAngrunaauanimuadisauinafiagduadmsuniseenuuu Hudafas

o - .
1anlun199985i 289N (Time of concentration), .

% 90, dy ;ilo/ %/ ) I Aa %’ =
AN WN1T9IHAITBIHN A UAS LN L‘UumqLfJm“nmm'ﬁLmumwmmmﬂfquﬂ@qmmm
AN NBBNYBINUATUUN ATHITON [HAIINN1TNITAINANITOIVARDI TUANTANS S [ AN N1STILARS T
A1597 3 lAn19 e n aNNITAINA1IE ARG NS NN LA N 0z AT

| 1
o/ a A

ANBENABINNNITIANBNITIIAN LQ@WT‘L&ﬂWiiQN qmqthsfuﬁuw LWﬂﬁﬁrﬁT%Tuﬂqﬁ‘lﬁ’]ﬁ’]ﬂf}’m

I NUBINUTIN IDF Curve FIx1Taugnaantiy 2 nadl A9fl

2
s/

- ﬂ'ﬁiﬁﬁuﬁﬁuﬁflLﬂuﬁmmﬁuqaw%mﬂuﬂqL°m 819 [ NN19289 California culverts  practice

] | & & ] < ! { o ¥ o :
(1942) Tﬂﬂﬂ’] tC ﬁwmmﬁu%'ﬂm AT L Lﬂui:ﬁﬂZ‘V]']\‘]ﬁfﬂ@ﬁqmﬂ@ﬂ@’]uqﬂ’mﬂﬂﬂ@qﬂ@zﬂﬁﬂﬂﬂLL‘LI‘LIﬁ\ﬁ

2
o/

g oA ¥ 1 @ A @ 1 o 1 o A o
muwumumwmmﬁuﬁmmm WRE H Lﬂum‘smummq&mqﬂwﬂmqwaﬂﬂmeuquﬂﬂqmm

o v
o @

& Ao ¥ &
PNRAFTUR UL WNAT ULAD

0.875L° "
t, = OV (2)
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- pasiiuAsuuLTIs YA sgHailes Hannnues Federal Aviation Agency (FAA)

Empirical formula,1970) Tnan tc fydaedunndl dn D Winszazmefiannfignainganisaants

A Ao & | @ & 1% A a | @ ¢ ® o
YAUNUNTURIUINTWNAT LAY So LWHATAIMTHANAY LY BINIARAUILILU UL DI LT WG

1
~3.26(1.1-C)D?

c 1/3
S

1 ¥
M99 3 Nijﬂﬂ&lﬂ’]i‘i’i’]ﬂ"ll'}ﬂ’lﬂ’]ii'}ﬂdﬁl'}ﬂ’ﬂ\‘i%’] (Time of concentration)

Method Formula for T, (min.) Remarks
Lo 0.77 -0.385 .
Kirpich (1940) T. = 0.0078 L S Developed from SCS data for seven rural basins
with Well-defined channel and steep slopes (3%
L = length of channel
to 10%) ; for overland flow on concrete or asphalt
/ditch from headwater to surfaces multiply T. by 0.4 for concrete channels
multiply by 0.2; no adjustment for overland Flow
let, _ : o
outlet, ft on bare soil or flow in roadside ditches
S = average watershed slope,  ft/ft
California T. = 60 (11.9 LS/H)O'S% Formula is essentially the Kirpich equation ;
Culverts Practice developed from small mountainous basins in
L = length of longest watercourse, mi o ]
(1942) Cdlifornia ; (U.S. Bureau of Reclamation, 1973,pp.
H = elevation diff. between 67-71)

divide and outlet, ft

~18 ~




Method

Formula for T, (min.)

Remarks

|zzard (1946)

T. = [41.025 (0.0007 i + c) L>%]

0.333 ,0.667
|

/IS ]

= rainfall intensity, in./h
¢ = retardance coefficient
L = length of flow path, ft

S = slope of flow path, ft/ft

Developed in laboratory experiments by Bureau of
Public Roads for overland flow on roadway and
turf surfaces ; values of the retardance coefficient
range from 0.0070 for over smooth pavement, ¢
= 0.012 for concrete pavement, and ¢ = 0.06 for
dense turf ; solution is extremely tedious and

requires iteration ; product i times L < 500

Federal Aviation

Agency (1970)

Developed from air field drainage data assembled
by the Corps of Engineers ; method is intended for
use on airfield drainage problems but has been us

frequently for overland flow in urban basins

Kinematic wave
formulas
Morgali and
Linsley (1965)

Aron and

Egborge (1973)

T, = 1.8 (1.1-C) L% s>
C = rational method runoff
coefficient
L = length of overland flow, ft
S = surface slope, %
Tc = 0.94 LO.G n0.6 (i0.4 SO.S
L = length of overland flow, ft
n = Manning roughness
coefficient
= rainfall intensity, in./h
s = average overland slope, ft/ft

Overland flow equation developed from kinematic
wave analysis of surface runoff from developed
surfaces ; method requires iteration since both
i(rainfall intensity) and T, are unknown ;
superposition of intensity—-duration- frequency

curve gives direct graphical solution for T,

~19 ~




Method Formula for Tc (min.) Remarks

SCS (1975) lag T. ={100 L® [(1OOO/CN)—9]O'7} Equation developed by SCS from agricultural
equation 0 watershed data ; it has been Adapted to small
/ [1900 S] .
urban basins under 2000 acres : found generally
L = hydraulic length of good where area is completely paved ; for mixed
areas it tends to overestimate ; adjustment
watershed  (longest flow Factors are applied to correct for channel
path), ft improvement and impervious area ; The equation
assumes that = T, 1.67 X basin lag
CN = SCS runoff curve number

S = average watershed slope, %

SCS (1975) T. = 1/60 Z LV Overland flow charts of TR 55 show average
average velocity velocity as function Of watercourse slope and
charts L= lengthof flow path. ft surface cover

V = average velocity in feet

per second of TR 55 for

various surfaces

#aaanruanfitaanuuy (Design rainfall duration) : t,

a1 o

ANSABNTINIATHUANYDIN T 1 N1 DB N LU éfwg’uumw’?@mmmmqmﬁmﬁwm
ﬁfwhqqqmuﬁmfﬁﬂuﬁwLf;mNumﬂﬁ%éﬁmmuw@ﬁ%ﬁq?ﬁﬁqﬁwmmqm?uﬂuﬁizmﬁﬁﬁm
~ g 4 o X v o . Yo ¥ 1.
N1TN9ANNB NN BIUNIAATHEBAARBIN LA NN YD a1 IHN1999NA28990 TR LTS

¥ 1 |
o

WY BanNeTga0a IR gA289N 19 AN 192891419 1N9A (NAgAR s ARASUNINN T A veen

farnisAFanasi atngegaiein ) liniieyalisenuuunindnanslassadnsnisszung

¥ ! ¥ ' ¥ ® v = o £
W BRINTEUIEHT 1DTLUIEHT 111R3 @Gﬂ’?‘lf‘m@?‘iﬂ ty= tc
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N15AAWFIANNITABNITISEUUNA (Modification to basic rational method)

WBNAINN13 AT LeEkunaluntamUsunnnis matngegaieiidudeyaFesnuuy

o/

PHNFADDS LATINEINNITIZUIENT  IEUTITEUNENHT VIBTzUNeun a9 Seinn9sanl asnannisaas

3% 155 uunaEendn Modified Rational Method A1MSUZANATNRANTIENIHILATNIAN UNNTIIHNG

¥
[ 1

2097 lngnamimindgmnsugasnaiduanfianandndddnsinisagegaiisandiiasenaans

o/

[ v ! aad Do ¥ ' A ' @ o
drmasrutiasndt A8ilgnWamn TAlEMnswvinthydrograph) iepanuULAIMNYEBILAALRUN
341 (Detention storage) Winrii @eTunsdififfeanuuufinsrmuagasaaiduaniifesnisifioad eunas
FufniInNnTeesui et Tagfimuagaanaluanesnuuy Lt WRAININNGIE99981 AT

o ¥ [ ¥ o ' < ' | o
FANAIYBIUT L. LL@QT%’V‘]’]LQ@’]NH@]ﬂ@@ﬂLLU‘U@\‘]ﬂﬂ'T’JL‘]Juﬂ']%’NL’J@"ITHﬂﬁ']W AITNLINYDINY -

'
1 a

FIAINNTANUATANTNISITR  (DF Cuve) AUFnIninsagegaiini [Fainaunis 1aduuus

[ '
a K A I

AnTufinainiunanlunissansiauenin usaziinnisvagegaamiasenaiagnauiuesn(Uan
@ P ' ) [ o ¥
dusrazinanyinfunasvessiosnaiiuanesnuuuiugaananunissandaeesin - t)
g ¥ My & 4 4 o 4 g (® o ¥ . o
FansmuindlAiuguamasnanoy duancdugud 5 Tnafiuilinsmaesnsamsinyingi

PUIAARIHYIDIUAANA AN

(=3
0.2
EE
88 .
BE-
S8
£3
6 .
/\/Td = 10 minutes
5 -
Td=20
4 A //Td=30
5; \ Ta =40
S 3 4
2
I-
o ' 10 = 20 30 40 50

Time (min)

1 ¥
gﬂﬁ 5 MA22819289NT INHIVINFINSUIBLsTRURAAALURS (Modified rational method)

~21 ~



1.2 ANNTSYBILNUIES (Manning’s equation)

TunseenuunlasssdneseBegszunesin WeliaunsnsassulBuommaingegaiiia

q

v ' v
= A A !

Uraniui(f auieiuiigldneewmieaszunginuegfurfinuegUdniivansauiuan wiui

Y U

¥ o ' ' A { A { A A v v A &y " &
wifiauuL vienas viamaen 31930 mAnNAY S AmAsNERAN 319807 g usivionn
argnasnuuutmanniseesnismaluimnsin@awuuasgy (Uniform flow) si9au Tnspouaniifigusn
ran@auumsaszadiauanctugLi 6

o 1 o ¥
=1 = v [ o

AUTNHIP AT DEBITIANITTZUIYRIRAINANDNITEDN UL ZULSZUIYHIFINNRASLU Lo
Ty iAan1avianuasialEIsinAa L dre quﬁMﬂﬂflﬁﬁwﬁﬂﬂ‘%mmm‘jﬁ@mqaqmmm‘m'fl
aasBantsazandt TaevialUliaaadaeglugas 1.5 - 2.0 wasAwiinieldannisoesunnis

(Manning’s equation) AYANNNT 4

1 21
Q = —R3S2A4 (4)
n
Tnaf Q = dAunoslmanngegaidasnissvung (au.N.Au9)

N = A7 Manning n ARAUSRANHRILAZ ANE LD NTLUIHN

FILNAS IHANT T 1-4 LAy 1-5

o/

R = AARVNYRAIa®S (Hydraulic radius) = Ay/P

= NuAnsdan1T9sUn8(A)n1aRasA Wetted perimeter (P)
S = AMNAIATUEEANINNNS MAYBIN19TEUNEHN (Friction slope)
AN AVINAU AT AN AT AT HI BT BN WT 19928

14
Y o

Aq = AUINTNFANN99 UNYTB9TNNRBYIDTTUNYHN (A9.4.)
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1l ]

Triangular

Circular

Cross-sectional properties of prismatic open channels

Channel Shape Area (4)

Wetted Perimeter (P) Hydraulic Radius () Top Width (T)  Hydraulic Depth (D)

Rectangular By B+ly
Trapezoidal By 4 Bapiez
Triangular zy" 2+
Circular® —Dz{*;“i” ) %ﬂ

By
B+2y E Y
7 B+ By+
Bi2yl+z y Briy
1 ¥
Wi+ 2y 2

oz o)
4 ¢ 2 8 | sin($/2)

a.Angle & is measured in radians. | radian = 57.3 degrees.

' v
;sﬂﬁ 6 qmauufﬁgﬂmmmmam(ﬂmmuwsusmmﬁm
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1 4 U v
A1971971 4 ANFNUSTANEBIULNWR WDl e

Channel type Manning n Range
Lined channels:
Brick, glazed 0.013 0.011-0.015
Brick — 0.012-0.018
Concrete, float finish 0.015 0.011-0.020
Asphalt —_— 0.013-0.02
Rubble or riprap — 0.020-0.035
Concrete, concrete bottom 0.030 0.020-0.035
Gravel bottom with riprap 0.033 0.023-0.036
Vegetal — 0.030-0.40
Excavated or dredged channels:
Earth, straight and uniform 0.027 0.022-0.033
Earth, winding, fairly uniform 0.035 0.030-0.040
Rock 0.040 0.035-0.050
Dense vegetation — 0.05 -0.12
Unmaintained 0.080 0.050-0.12
Natural channels:
Clean, straight 0.030 0.025-0.033
Clean, irregular 0.040 0.033-0.045
Weedy, irregular 0.070 0.050-0.080
Brush, irregular — 0.07 -0.16
Floodplains:
Pasture, no brush 0.035 0.030-0.050
Brush, scattered 0.050 0.035-0.070
Brush, dense 0.100 0.070-0.160
Timber and brush — 0.10 -0.20

Source: ASCE (1982); Wurbs and James (2002); Bedient and Huber (2002).

A1571971 5 AnaNSEAVBABILNKRS (Wianan (Culverts)

Type of conduil Wall and joint description n
Concrete pipe Good joints, smooth walls 0.011-0.013
Good joints, rough walls 0.014-0.016
Poor joints, rough walls 0.016-0.017
Badly spalled 0.015-0.020
Concrete box Good joints, smooth finished walls 0.012-0.015
Poor joints, rough, unfinished walls 0.014-0.018
Spiral rib metal pipe 19-mm ¥ 19-mm recesses at 30-cm spacing, 0.012-0.013

good joints

Corrugated metal pipe, 68-mm * 13-mm annular corrugations 0.022-0.027
pipe arch, and box 68-mm * 13-mm helical corrugations 001100023
150-mm > 25-mm helical corrugations 0.022-0025
125-mm * 25-mm corrugations 0.025-0.026
T5-mm * 25-mm corrugalions 0.027-0.028
150-mm = 50-mm structural plate 0.033-0.035
230-mm X 64-mm structural plate 0.033-0,037
Corrugated polyethylene Corrugated 0.0 8-0.025
PVC Smooth i 0.009-0.011

Source: U5, Federal Highway Administration (1985},
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®15199 7 IDF Curve Equation 2a933nianiaiiadsswmaing

1) dandmaaslng

A

(te+ ™

Rainfall intensity (mm/hr)
Time of concentration (min)

ANASA IDF-Curve

Return Period (Years) A d n
2 1050 14 0.719
5 1900 20 0.801
10 2100 14 0.830
15 2000 13 0.698
2) AP
Return Period (Years) A d n
2 1100 9 0.740
5 1000 9 0.688
15 1800 14 0.810
20 1600 13 0.726
3) AIIPATLNY
Return Period (Years) A d n
2 1000 9 0.795
5 1500 10 0.853
10 2000 15 0.823
20 1800 6 0.778
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4) DUNDUNFLITHI FINIALNADIFDN

Return Period (Years) A d n
2 900 10 0.808
5 800 " 0.726
10 950 13 0.698
20 3000 12 0.972
5) ANNIAWATRITIA
Return Period (Years) A d n
2 1200 12 0.778
5 3000 16 0.875
10 4000 14 0.903
15 3100 14 0.875
6) FINIAUNL
Return Period (Years) A d n
2 1100 13 0.786
5 1500 13 0.833
10 1700 13 0.783
25 1300 10.5 0.666
7) SadnRmolan
Return Period (Years) A d n
2 1300 19 0.683
5 700 10 0.540
10 900 12 0.632
30 900 13 0.592
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8) AINTAWNT

Return Period (Years) A d n
2 1100 15 0.740
5 1200 12 0.778
10 1050 10 0.709
25 2000 16 0.823

9) FINIARN

Return Period (Years) A d n
2 2800 22 0.970
5 3000 18 0.897
10 3900 20 0.958
15 4000 24 0.903
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¥
N19ADNRULVNU TR

UANNTIUNI5BBNLULY (Design Principles) widifiu 2 naef #e Open channels F9m1ARY (Lined

Open channels) &g Open channels Falimaia (Unlined Open channels)

fl. N1SBBNLUY Lined Open channels ([Hfin1sinnzusatafinisnnaznan)-1ivatlaerii

N19ANHZNBDU V (Mean velocity) > 0.76 §/9

4

LF reeboard

n, So <+

fl/uﬂﬂu‘fuﬂ"l‘iﬂﬂﬂll‘lJUU‘i:ﬂil‘UﬁQi’-J:

1. Yi1n1981999RUsEmPLATANE e UEHATR9AN U5109vnasa31e Open Channels
dl = ! dl
. BLEanAT So AmuIzas
dl = ! dl
2. INBIABNAT n UAT Z MnNIzas

2. Fayafisniuniaiia fe 5n31n13a,Q

2
3. ANHITWIAIAN section Factor, Z(= AR)3 91AFNNITUBIMNII

149 , 2 1 L e
Q =TAR3SOZ —————— Tuﬁxuwmﬂmﬂqw (1
1 ,..2.1 .
2. Q =;AR3SOZ ———————— Tszunmng S| (2)

3 = 1 b =3 GI/ = b
4. 1INRULADNAT — UTen1od 2 9 6 HuRe 2 < ; <6
y
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N. A = (b+zy)y
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8. mV(= %) uAFEUEUAUAT V allowable = 0.76 §./9
9. E M lH AN Freeboard (Usanos 5% 89 30% 284 )

. RYNSUARRNNYIT WAZAINAIN9YEY Designed Section
10. Waug g

fpdwfin - aveenuUUTNHITngURmABNANY B98 Q = 20 85 /2, n = 0.016, 2 = 1.5, uaz

So = 0.0009 Awuals V allowable Wil an1snnaznanligsin = 0.76 1m

Bin 9ngUdn (FUAMRENANIY) A = (bizy) y, P = b2y VI + 22 uay

. A (b+zy)y
- P b+2yVi+22
- |
Q Freeboard
— A
’ Q=20 u3/'s I
- ]

N=0.016,S0=0.0009 < fe—p—>] !

auAlAN — = 3 938 b = 3y

<=

WINAT Z uaz b (=3y) az{f A = (By+1.5y)y = 4.5 y?2

(3y+1.5y)y 4.5y

= = = 0.681
3y+2yV1+1.52 6.61y y
. 1 2 1
ANN1TUNLR (Tuszuumiag S.) Q =~ AR:Soz
o ¥ 2 n
AT Z =ARs = Q—l
So2
P 2 20x0.016
(4.5y)“(0.681y)s =— =10.67
0.00092
8
3.48 Y3 = 10.67
8 s 3
y3 =3.07 o y=3.078 =152 4
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i B =3y = 3%1.52 = 4.56

fadn A= 4.5(1.52)% = 10.40 u?

5
Freeboard = 5% of y = Too X1.52 = 0.08 #

AIUN ATNANTINYBIT19NNTIA = 1.52+1.18 = 1.60 §

Freeboard = 0.08 1

> Q=20 3J3/3

_

N=0.016,S0=0.0009 <

Designed Section

2.11588nWUY Unlined Open channels (nnsfimwnsldussiaseanuuniiaaiuli)

- A% Method of Maximum Permissible Velocity

! . . . . 4 { %/ a g !
A1 Maximum Permissible Velocity, Vmax.perm 2| m’mLiqmﬁﬂfggdquuvnx‘iu’]mm Faazly

fplAAnnaameRagula ¢ aeamnanii uaastupnsei 8

N198AAT Vmax.perm 91NAN9 N7 8 AUHaIeINAITHAALRLIIBINKT

¥ < g [ . .
N, NWHNBIHLMIAALALANTaY (Slightly Sinuous Channels)

“

— AAAT Vmax.perm a8 5%

WuAs V' max.perm. = 0.95 Vmax.perm

2. VNHIESHURIAALAEIUUNATY (Moderately Sinuous Channels,

AAAT Vmax.perm. 89 13%

\ $hafe V' max.perm. = 0.87 Vimax.perm.
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A, NINHIBIHLUIA

N\

M1519% 8 : A12BS Manning’s n

ALAEININ (Very Sinuous Channels)

ARAT Vmax.perm. a4 25%

ﬁi’uﬁﬂ V'max.perm. = 0.78 Vmax.perm.

WAL Vmax.perm 2a9auaiasg o

N R Vmax.perm.,H/q
e " vila Y+ AZNEURDY
1. Fine sand, Colloidal 0.020 0.46 0.76
2. Sandy Loam, Non-colloidal 0.020 0.53 0.76
3. Sill Loam, Non-colloidal 0.020 0.61 0.91
4. Alluvial Silts, Non-colloidal 0.020 0.61 1.07
5. Ordinary Firm Loam 0.020 0.76 1.07
6. Volcanic Ash 0.020 0.76 1.07
7. Stiff Clay, Very Colloidal 0.025 1.14 1.52
8. Alluvial Silts, Colloidal 0.025 1.14 1.52
9. Shales and Hardpans 0.025 1.83 1.83
10. Fine Gravel 0.025 0.76 1.52
11. Graded Loam to Cobbles, Non-colloidal 0.030 1.14 1.52
12. Graded silts to Cobbles, Colloidal 0.030 1.22 1.68
13. Coarse Gravel, Non-colloidal 0.035 1.22 1.83
14. Cobbles and Shingles 0.035 1.52 1.68
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fumentunsesnuuunindadeiinnedmens Sfseludde:

1. A1nn1sanTeanEmrRUsIMe  uarriinesiug ldenldAn nz,so way Vmax.perm.

(590919 V' max.perm.) Amuzas

2. AMmMInNAN Hydraulic Radius 2ewmnednidafifiesnis R aanannisusnisiugiuuy

® A
YBNAITHEITVAB

149 2 1 Lo
R Soz ... Twszuumsaesang (1)

. V(= V'mox.perm.) =

1 2 1 .
2.V (=V'max.perm.) = 0 Rs Soz... fuszuuvising SI (2)

3. AMUIDATATNRTIRHNA Y BININUIT AT GBINTS, A

Q

= (3)
V'max.perm.
4. ANINNAT Wetted Perimiter 289n9HNLTa7IfiasnIe, P
A(aniumeuit 3)
=" (4)
R(andunaui 2)
5. 971NM1919 Hydraulic Properties mqguﬁmmqL'ﬁmmﬁm&mﬁ(miwﬁ 3.2)
A = (b+zy) y (5)
P=b+2yV1+ z2 (6)

6. AN b LAz y 9INaNnN19i(5) Lay (6)
7. \WHAN Freeboard,F gudianinum Aagendne 0.05y fiv 0.10

8. WuNIUARAINENT UWATATNYINAEN Designed Section.
3 g

Vv

Aaad19 1 ssanuuusaindadefinisiamnzlng Method of Permissible Velocity 9 ndiayasial
Am: z = 2, n = 0.025, So = 0.0006, Vmax.perm. = 1.00 #/7 LHWVINIDITWUMRANNAALFALILIY

AR (V'max.perm. = 0.87 Vmax.perm) uaz3usnanniaia, Q = 7.77 &5 /a

n=0.025, So=0.0006
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' 1 2 1
V (=V max.perm.) = - Rs So2

V'max.perm.xn. > (0.87x1.00)%0.025. 3

R = { 1 }E = { 1 }E = 084 H.
So2 0.00062
7.77
V'max.perm. (0.87%x1.00)
A 8.93
P= — = — = 1063 %.
R 0.84

IINANTNT 8
A = (b+zy)y = (b+2y)y = 8.93
P=b+2yVl+2z2=b+2yV1+22 = b+447y =10.63
WIRAT b = 10.63 — 4.47y (371 (5)) A9 (4) wéa simplify ald:

y2- 4.30y + 3.62=0

— (—4.30)+,/(—4.30)2-4(3.62)
- 2

\inAN Freeboard, F~ 0.22y~ 0.22X1.15 ~ 0.25 X

Designed Section

S0=0.0006
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= 1.15 § ua¥ b = 10.63-4.47 (1.15) =5.49 ¥



