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A1519% 2.2 MaNUszan5vesd1n C (w1 Applied Hydrology : Ven Te Chow , 1988)

Return Period (years)

Character of surface 2 5 10 25 50 100 500
Developed
Asphaltic 0.73 0.77 0.81 0.86 0.90 0.95 1.00
Concrete/roof 0.75 0.80 0.83 0.88 0.92 0.97 1.00

Grass areas (lawns, parks, etc.)

Poor condition (grass cover less than 50% of the area)

Flat, 0-2% 0.32 0.34 0.37 0.40 0.44 0.47 0.58
Average, 2-7% 0.37 0.40 0.43 0.46 0.49 0.53 0.61
Steep, over 7% 0.40 0.43 0.45 0.49 0.52 0.55 0.62

Fair condition (grass cover on 50% to 75% of the area)

Flat, 0-2% 0.25 0.28 0.30 0.34 0.37 0.41 0.53
Average, 2-7% 0.33 0.36 0.38 0.42 0.45 0.49 0.58
Steep, over 7% 0.37 0.40 0.42 0.46 0.49 0.53 0.60

Good condition (grass cover larger than75% of the area)

Flat, 0-2% 0.21 0.23 0.25 0.29 0.32 0.36 0.49
Average, 2-7% 0.29 0.32 0.35 0.39 0.42 0.46 0.56
Steep, over 7% 0.34 0.37 0.40 0.44 0.47 0.51 0.58

Undeveloped

Cultivated Land

Flat, 0-2% 0.31 0.34 0.36 0.40 0.43 0.47 0.57
Average, 2-7% 0.35 0.38 0.41 0.44 0.48 0.51 0.60
Steep, over 7% 0.39 0.42 0.44 0.48 0.51 0.54 0.61
Pasture/Range

Flat, 0-2% 0.25 0.28 0.30 0.34 0.37 0.41 0.53
Average, 2-7% 0.33 0.36 0.38 0.42 0.45 0.49 0.58
Steep, over 7% 0.37 0.40 0.42 0.46 0.49 0.53 0.60
Forest/Woodlands

Flat, 0-2% 0.22 0.25 0.28 0.31 0.35 0.39 0.48
Average, 2-7% 0.31 0.34 0.36 0.40 0.43 0.47 0.56
Steep, over 7% 0.35 0.39 0.41 0.45 0.48 0.52 0.58
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Description of Area Runoff Coefficients, C

Business

Downtown areas 0.70 - 0.95

Neighborhood areas 0.50 - 0.70
Residential

Single-family areas 0.30-0.50

Multi units, detached 0.40 - 0.60

Multi units, attached 0.60 - 0.75
Residential (suburban) 0.25-0.40
Apartment dwelling areas 0.50-0.70
Industrial

Light areas 0.50 - 0.80

Heavy areas 0.60 -0.90
Parks, cemeteries 0.10-0.25
Playgrounds 0.20-0.35
Railroad yard areas 0.20 - 0.40
Unimproved areas 0.10-0.30
Streets

Asphaltic 0.70 - 0.95

Concrete 0.80-10.95

Brick 0.70-0.85
Drives and walks 0.75-0.85
Roofs 0.75-0.95
Lawns : Sandy soil

Flat2 % 0.05-0.10

Average 2 -7% 0.10-0.15

Steep 7% 0.15-0.20
Lawns : Heavy soil

Flat2 % 0.13-0.17

Average 2 -7% 0.18 - 0.22

Steep 7% 0.25-0.35
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Channel type Manning n Range
Lined channels :
Brick, glazed 0.013 0.011-10.015
Brick S 0.012-0.018
Concrete, float finish 0.015 0.011 -0.020
Asphalt - 0.013 - 0.020
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 - 0.400
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 - 0.050-0.120
Unmaintained 0.080 0.050-0.012
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 o 0.070 - 0.160
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 = 0.100 - 0.200

Source : ASCE (1982); Wurbs and James (2002); Bedient and Huber (2002).
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H 1 QU a Qo’ Q‘ 1
A3 2.5 Maudszansvewmuielunoasa (Culverts)

Type of conduit 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 x 19-mm recesses at 30-cm spacing, good 0.012-0.013
joints
Corrugated metal pipe, 68-mm x 13-mm annular corrugations 0.022 - 0.027
pipe arch, and box 68-mm x 13-mm helical corrugations 0.011-0.023
150-mm x 25-mm helical corrugations 0.022 - 0.025
125-mm x 25-mm corrugations 0.025 - 0.026
75-mm x 25-mm corrugations 0.027 - 0.028
150-mm x 50-mm structural plate 0.033 - 0.035
230-mm x 64-mm structural plate 0.033 - 0.037
Corrugated polyethylene corrugations 0.018 — 0.025
PVC Smooth 0.009 —0.011

Source : U.S. Federal Highway Administration (1985).
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2.6 mseenuuumMaita

o ] X a
NaNNT M0 NULY (Design Principles) uueilu 2 n3al Ao Open channels F9Q1ARD

(Lined Open channels) (182 Open channels a4 13imAA7 (Unlined Open channels)

2.6.1 N1598NUVY Lined Open channels (1311n15Nata1zuA0193n15ANATNOH)

ieileanumsannznou V (Mean velocity) > 0.76 31/3 UEAIAINING 2.9

LF reeboard

AN 2.9 N158DNLUVY Lined Open channels

g Y
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1.6) MuIMIMbuazy

1.7)  unumm A eensiluduay

1.8) mV(= %) udmfSuneuiua1 V allowable = 0.76 1./
1.9) 141 diinsz oz Freeboard (152118 5% 84 30% V84 y)
1.10) WeuFUaAn 1) 18a2AINYINYDI Designed Section

2.6.2 M300nUUY Unlined Open channels (m3naszlaunneseanuuvileanuly)

7% Method of Maximum Permissible Velocity 11 Maximum Permissible Velocity,
A < ~ %’ a = (] Y Aa % T A 1
Vmax.perm 19 mwmmma&qqqﬂumquuﬂﬂ G]NﬁlxhlllﬂﬂiﬁlﬂﬂﬂWiﬂﬂl“BWgﬁ@W’Jﬁ’)uclﬂ 9

¥ Y 1 a a 1 2 {
YINNUIUU UFAINIUDI Manning’s n LAE Vmax.perm YDIAUTUARNN 9 AIR15 1N 2.7

f1519% 2.7 A1Y9Y Manning’s n 18% Vmax.perm Y9IAUFUAAN |

Vmax.perm., 4/7
FUAVDIAY n il h+azneu

09dY
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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1 { 4 1 so'
N1T0ANT Vmax.perm %Tﬂﬂ'lﬁ'l\‘]ﬁ 2.7 aﬂlﬁ@ﬂﬁ]’]ﬂﬂ'J']i]ﬂﬂlﬁﬂ'lsllﬂ\wn\ﬂn
Y & A E SN . .
D NNUISINLUINANYEUANHBY (Slightly Sinuous Channels)
aaf Vmax.perm 64 5%

//&

g & 2
2) mahFauaame a1 (Moderately Sinuous Channels,

/\/ aAf1 Vmax.perm. a4 13%

ﬁu A0 V' max. perm. = 0.87 Vmax.perm.

fi’u Ao V' max. perm. = 0.95 Vmax.perm

3) mquwmumﬂmﬂmum (Very Sinuous Channels)
AAA1 Vmax.perm. a4 25%
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