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| Roadway

i Turf slope not
centerline

less than 0.12 Alternate design includes paved shoulder
Paved slope and curb to collect roadway drainage.
approx. 0.04 Pipes or lined channels spaced at intervals
conduct water to base of fill. Used
particularly on high fills in arid regions.

Slope 0.01

4:1 or 6:1 slopes on low fills
Approx. 5 ft (1.5 m)

:-Natural ground —low fills Round intersection
Steepest slope 2:1— of slope and
,——Natural ground— high fills natural ground
(a)

Protect waterway
against erosion }

Turf slope not Alternate forms for intercepting channel.
less than 0,12 Do not construct unless surface runoff
Paved slope from hillside above justifies it.
approx. 0.04

Natural ground

Sustained flow not higher than _ - —
bottom of base course -

Inside slope of roadside ..~ [
channel 4:1 or flatter for safety
Ditch width

3-4 ft
{0.9to 1.2 m)

2:1 max. slope if grass is to be established.
Flatter sloped preferred if material is needed
for embankment. Surface to be left rough
to trap moisture and seeds.

(b)

Roadway
( centerline

Round slope intersection
to decrease erosion
and encourage grass.

Cut slope with
triangular ditch
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Y v
Q = USmanindeaszuny, m’s
4

C = dulszan5voans Inati1 (runoff coefficient) n1519% 9.3.1
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F4
1= mmzsﬁ'mmvlu, mm/h YU time of concentration

15131 9.3.1 A1 C MNSVamNea 91 (FHWA 1997, Introduction to Highway Hydraulics

HDS 4, Metric Version)

Type of Surface Funoff Coefficient
(c)

|Concrete or sheet asphalt pavement 05049
|Aspha|t macadam pavemeant (AR
[sravel roadways or shoulders 0.4-0.8

|
|
|
Fare earh | 0200
|
|
|
|

[teep grassed areas (211) 0507
[Turm meadows 01-0.4
|Forested areas 01-0.3
[ultivated fields 0.2-0.4

[Flatresidential, with about 30 percent of area impervious | 040
[Flat residential, with about &0 percent of area impervious | [KR514)
[Moderately steep residential, with about 50 percent of area imparvious | (K514
[Moderately steep bulll up area, with about /U percent of area Impenvious | (KT
|FI:|1 commercial, with about S0 percent of area iImpervious | (=T

TFor flat slopes and permeable soil, use the lower values. For steep slopes and impermeable soil, use the
higher values.

Y F4 Y

. . I Ao 1 a a A Ao o [ £
Time of Concentration 1{unamihuumaulvannyalnagavesiiunsuilldgeds

Y
52118 019U 1A INEuS Kirpich Al

_(0.87L°

0.385
9.3.2
i 10003} 032

D-

1o
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T, = Wunaiminhuuimau Tvaanga Inagavesiiuin s ldgadaszue, he
9
L = Anue1vesmai lvananainga lnagadegaszuie, km

v Y
S = aANuFURFsUININI Ivandn

Y
150 919A1UIUINAUMT kinematic wave theory AT
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7y nD.BLD.B
O 4al3
g
(9.3.3)
A
53]
t = 1791, min
K =6.99
n = Manning's roughness
L =fA9TNYT1I, m
i = AMUITNYDIAY, mm/h
S = ANUFU

o 1Y < dd‘ H o [
dmsuanuis lums lvalunsdindusazay (shallow concentrated flow) dmsulaalszuna

panlums lva wldnnguh 9.3.1
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mMududE s UsanUUY (design flood recurrence intervals)

A1519% 9.3.2 aaauziivesmuud Moo nuu

szianvuvesauu mududsvisSueanuuy, 1
N9AIU 100
DUUFINAN 50
DUUF1YTDI 50
AUUNDIDY 25
7
6 \ : 150

Rainfall intensity, in inches per hour
Rainfall intensity, in millimeters per hour

\ F o
2 > 50
N O PN~
ﬁ@&i i \\\Qh“m‘
1 “""*--..___H‘h i
—

0 o
0 20 40 60 80 100 120 140 160 180 200

Time, in minutes
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M208191 9.3.1 MIMMIUKIA C 1INAYDINNNIN

Y
A o

o Y 9y = A gl [ Y a = Y 1
ﬂ]ﬁu@hlﬂ AUNIUY NWHV]T]JU]@NE‘]J 152N UNIIHIDUUABUNTANIN 4 m "lwa‘i/lNLLazﬂ

Y

a g Y A A Y & A
N?Lﬂuﬂi’)ﬂﬂﬁ’l\‘i & m uaxwu‘wﬂm’m 60 m ANUINIVDINUN 125 m

¥ C

Bhoulder,
thannsl and
bazhalopa
arag

— Watershed 125 m

T 5 60 m >

ada o
I5M
- o : g 4
BUHUAUDINI a1 C NUN, A CA
NIABUNIA 0.9 0.05 0.045
lvamanaza | 05 0.10 | 0.050
11 0.3 0.75 0.225
57 0.90 0.320
A1 C 1MAYD91IHIN =0.32/0.9= | 0.36
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IEM

dy d’ 1 A Y
“ri‘WL’Jﬁﬂl!ﬂﬁul‘ﬁ'amﬂﬁiJﬂTi (9.3.3) NTZezMVeINUNLh 60 m 1@enlya1 n=0.50 1az S =

0.005 auud lFANUTVURIHY 55 mm/h 92 1

(05)%8(60)2E8
(559410 00593

o =53 min

110307 9.3.2 anuduvesdudmsugianal 53 wiwazgaudu 10 7 Uszuna 50 mm/h Fadl

v v
mlndiResanuananudluaounsn (55 mm/h) aariulsla

) o 3 { { 3

d15uge1 125 m vwnarlums Ivannanuiimasuazszezng 910300 9.3.1 ANWE)
[ [ [ 9 v

may §msuinluldaa (unpaved) Tums lnanduuazauilonnudu 0.005 Yszuna 0.35

m/s AOTUE M URe1 125 m Ao lFanlumslua (125 m)(0.35 m/s) =357 s = 6 min

9 v
nanlums Tnaianua ¢ = 6 + 53 = 59 WA MndnvuzaNUTNVeIdLluzIR 9.3.2 dmSy

e 10 3 anuduvo el 59 min 92 1damduaeaduilszua 47 mm/n

Y H 9

o a o A Y Yo A
mmmmmﬂimmumﬁmﬁzmﬂ Vl,ﬂ@\‘iu

_0.36x47x0.9
360

Q —004m /s
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Y |
9.4 miai’)mmuqmmuwmzﬂamnﬂﬂ

Aq ¥ o o o Y v A .
’ﬁﬂJﬂﬁ‘i/]elﬂf@ﬂﬂlmﬂﬁ1ﬂiﬂﬂﬁUl‘l’iaLL‘]J‘]Jﬂa’rNL‘]Jﬂ hlﬂLLﬂﬁ'iJﬂﬁﬂlENLliJuUi (Mannlng’s

% dy
Formula) a4

v = 1p2/32142

I
(9.4.1)
A
10
V = anusunag, m/s
R = hydraulic radius, m = A/P
dy A Y o 2
A = NUNHUIAA, m
P= ﬂﬂﬂJﬁJTJL’&IWU’E)UﬁJEIﬂ (wetted perimeter), m
S = ANMUFUVOINADI
n = Manning’s roughness coefficient ﬂﬂ'ﬂu@niN‘ﬁ 9.4.1
uonndidelFaumsnnuneiiag (equation of continuity) Adil
Q=VA (9.4.2)
A
100
Q = USamslva, m’ss
NATUMT (9.4.1) uag (9.4.2) 9219
Cre oA 23 ol
) (9.4.3)
=\
130
I::I=H S‘“‘E (944)
A
10

= = & a a a s a o '
Fousealae selseans ?ﬁﬁmumqm MAIVIINTTNTITT AMLIAINTTUAEAAT UH1INIAGVOULAY



v
MITLUPU

9-13

ARZ3
i

|« =

i

M95191 9.4.1 Manning’s roughness coefficient, n

Rigid Boundary Channels

(9.4.5)

MINOR STREAMS (top width at flood stage < 30 m)

Yery smooth concrete and planed timber 0.011
Smooth concrete 0,012
Crdinary concrete lining 0.013
Wiood 0.014
Witrified clay 0.015
Shot concrete, untroweled, and earth channels in best condition 0.017
Straight unlined earth canals in good condition 0.020
Mountain streams with rocky beds 0.040-0.050

streams on Plain

1.Clean, straight, full stage, no rifts or deep pools

2. 5ame as above, but more stones and weeds

3.Clean, winding, some pools and shoals

4. 5ame as above, but some weeds and stones

5.5ame as above, lower stages, more ineffective slopes and sections
G.5ame as 4, but more stones

7.5luggish reaches, weedy, deep pools

8. Veny weedy reaches, deep pools, or floodways with heavy stand of timber
and underbrush

Mountain Streams, no Yegetation in Channel, Banks Usually Steep, Trees a
Submerged at High Stages

0.025-0.033
0.030-0.040
0.033-0.045
0.035-0.050
0.040-0.055
0.045-0.060
0.050-0.080
0.075-0.150

nd Brush Along Banks

1.Bottom: gavels, cobbles and few boulders
2.Bottom: cobbles with large boulders

Floodplains

0.050-0. 050
0.040-0.070

Hasture, Mo Brush

1.5hort Grass 0,025-0.035
2.High Grass 0,030-0.0580
Cultivated Areas

1.Mo Crop 0,020-0.040
2.Mature Row Crops 0.025-0.045
3.Mature Field Crops 0.030-0.050
Brush

1.5cattered brush, heavy weeds 0.035-0.070
2.Light brush and trees in winter 0,035-0.060
3.Light brush and trees in summer 0.040-0.080
4.Medium to dense brush in winter 0.045-0110
5.Medium to dense brush in summer 0.070-0.160

) a Q( a a a
Souisoelae sA.Uszans %Qﬁﬂ’)u‘ﬂi?ﬁl 7AIBIAINTTN To51 ANLIAINTTUAIE
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Rigid Boundary Channels | Manning'sn |

Trees

1.0ense willows, summer, straight

2.Cleared land with tree stumps, no sprouts

3.5ame as above, but with heawy growth of sprouts

4. Heavy stand of timber, a few down trees, little undergrowth, flood stage below branches
H.5ame as above, but with flood stage reaching branches

0.110-0.200
0.030-0.050
0.050-0.080
0.080-0.120

0.100-0.160

MA.JOR STREAMS (Topwidth at flood stage > 30 m)

The nvalue 15 [ess than that for minor streams of similar description, because banks offer
less effective resistance.

Reqular section with no boulders or brush
Irregular and rough section

Alluvial Sand-bed Channels (no vegetation)

0.025-0.060
0.035-0.100

Plane bed 0.014-0.020
Ripples 0,01 8-0.030
Dunes 0.020-0.040
Washed out dunes or transition 0.014-0.025
Plane bed 0.010-0.013
Fapid Flow, Fr=1

Standing waves 0.010-0.015
Antidunes 0.012-0.020

Overland Flow and Sheet Flow

=mooth asphalt 001
Smocth concrete 0.012
Cement rubble surface 0,024
Matural range 013
Dense grass 0.24

Bermuda grass 0.41

Light underbrush 040
Heavy underbrush 0.80
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4 |n 0.013
5 |3 0.002
3
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9.5 N30ONUULYIDADA (Culvert Design)
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Uszonveamatn dmsuveasadeiinig lnanieldmsaruguinmadn (inlet control) AY
Yonoaoaziinanngluuuvesmudivesioass MUNGLD (wingwalls) HagMIIHIEVENE
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AN 9
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Hﬂ AST-IN- PLACE Gﬂ\lﬁﬁ‘.éTE

PROJECTING BARREL

PRECAST END SECTION END MITERED TO THE SLOPE

31 9.5.3 szamveamadnuuunma 9

d'd' 1 =1 1 =R ax 1 o 9 a @ 1 dy
HENUNNEIVDY NOUNITNANIDIITNITHIVUIAUDINDADA m!,ﬂummmmummma“lﬂu

®  A71UANVBY headwater
® ANYUANVDY tailwater
3 A .
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[ 1 9 ~ 9 .
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de - Critical Depth
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9.6 THADUNIVBNUUUNDADA
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