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Research and Drainage Studies are needed in the following

areas listed below

(1)
(2)
(3)
()
(5)
(6)

(7
()

(9)

(10)

To develop Rainfali-Intensity-Duration-frequency
Curves for all reszions of Pakistan

Small Watersheds study located in different regions
of Pakistan to determine Time of Concentration

Velocity and Erosion Study for bare earth channels,
to determine the value of Manning 'n’

Study of Commeroza]ly available drvainage pipes in
Pakistan, to determine Manning tn!

Structural adequacy of commercially available
drainage pipes in Pakistan

Methods and procedures for Maintenance of Highway
Channels

Economics of Drainage Channels

Construction Methods and Procedures for satisfactory
Highway Drainage Structures

Study of Materials available in Pakistan for
Channel Protection

Training programe for Drainage Engineers







SECTION - I

INTRODUCTION

1.1 PURPOSE AND SCOPE

Prov1d1ng adequate dralnage is essentlal to the hlghway.
Economlcal dralnage desmgn is achleved through d01ng an

adequate job at the lowest cost,

The lowest cost and adequate dralnage malntalns Proper‘“*

balance between flrst cost flood damage and malntenance cost.

’ This manual presents dlscus510n of the theoretlcal
prlnc1pals, the ba51c data and procedures for” estlmatlng
run-off, detdérmining the sizée’ of ‘poadside dralnage ch::ufm-e.l:ss"":E

and Highway Culverts.

This manual 13 pfeparedrprlmarlly for guldance and.
instructions. of englneers actively engaged in Highway design,
The design procedure dlSCUSSed;ln‘thlS manual are only tools
to aid in solving the surface drainage problem. The drainage
problems of each_section of‘highyay is individual and for
solution requires adequate field data and an engineer

experienced in_highway%drainage,

1.2 HYDROLOGY AND RUNOFF f.

1.2.1 Hydrology and Hydrologlc Cycle

a. Defination: The science that deals with the processes
governing the depletion and replenishment of the
water resources of the land areas of the earth,

b. Objective of Engineering Hydrology to predict
the amount of water and/or the rate of flow of




water which will be found at any given time
and location (with a certain probability)

1.2.2 Hydrologic Cycle
a. . Basic equation of hydrology is the water balance

\’Z‘;

or mass balance.

G(t) . - E(t) - T(t) &8(1:)

P(t) -
Where P = pre01p1tatlon
R = punoff measured in the streams
1G- = ground water flow out of the watershed
B s evaporation from watershed '
_éSS “_f storage in soil moisture, groundwater,

lakes swamps etec.
All terms are functlon of tlme and are avera”ed Spetlally

'over the water .shed area.

b, During a short storm event of duratlon t, E and
T can be neglected G is asgumed to be part of

‘R Hence
t o t

1/t S P(t)at - £ § Roat =% § scirar
e A o -

or 51mp1y P~ R /SS
V‘where each cterm is the total volume durlng t time. The
'term S is referved to as the 'losses'

e, Over an annual cycle, the change 1n storage can
often e assumed negllglble. Wlth ‘the inelusion
- of @ in R the . -anntal evapatransplratlon is :

ET = P ~ R



1.3 RUNOFF

fa51;3.l"TﬁéJhydrograph ta gnqgh;g@l;rebrésentatién of

flow at a channel cross-section as function of time
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1.3.2 Storm hydrograph

: The hydrograph due to an:

1solatbd storm event

e Peak flow Qp
Rising 1imb/// ; ~ Falling Limb
kS ' “’
i :
i
i —
S :
|
I *
t=o . tp .t'
1.3.3 Sources of runoff :
- precipitation falling directly on strean
-  surface runoff
.= ground.water- or base flow -
Runoff Process

1.3.4

When rainfall event begins water is 'lost' to

interception, depression, and soil moisture storage,

Eventually, water appears in the stream channel

from ground water and surface runoff.

This diagram

shows a time history of allocation of precipitation

to various storages and to runoff.

A
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k) " Channel Precipitation
;g CQ? Surface Runoff
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1,4  DEFINITIONS
"‘i;&gl_fulnﬁgrpgpﬁion :_m01sture held by traes, shrubs, grass
R ;Buildings LR Nevar reaches ground

- Depression : Storagu : moisture held 1n,innumerable

small' and large depPESSlon.i!It evaporates or

- FL

1nf11trates but never beoomes sufface runoff.
1.4,2 Infiltration % moisture passlng the alr-q011 interface
tne max1mum rate of 1nflltratlon is

he"lnflltraiibn -capacity'.
. f‘-”
soil moisture : Water held by caplllary action in

se I

'\--,‘r

surface. layers of bOll max1mum capacity is field
“capacity. Flelg_mOLSture ‘deficit. (FMD) is a quantity

of water necessary to briné°éoilfto field capacity.

1.4.3 Interflow : Poorly:-defined. Genéraly, water reaching
the stream channel frem non~saturated soil layers.

Shorter travel time than ground water

1.5 STORM RUNOFF

The storm runofﬁ;y?ich must be-Earried by the
roadside drainage channelé and culverts is the residual
of the precipitation after losses. The rate of water
loss depends upon the amount of the precipitation and the
rate at which it falls (intensity), upon temperature, and
upon the characteristics of the land sufface. Not only
does the rate of runoff vary with permeability of the land
surface and the vegetal coveX, but it véries from time to

time for the same surface depending upon the antecedent




conditions, It would ‘be 1npractlcablev even 1f the

data were avallabie3 io detepmlne for each channel drainage

‘_,<‘f¥

E

-zﬁarea the frequency “of! recurbence of the numerous faCtOPS‘

whlch
(f-

e

2034
m;_;*"

ffeo¢ the ralnfall runcff relatlon and thHus compute

the - magnltudé of the pifi-of £ for a glven frequency rainfall,

.,Uﬂ B : cL
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1.6 FACTORS EFFECTING STORM RN
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SECTION - II

FREQUENCY - ANALYSIS RLSK-DESIGN...
STORN. .

P B R BN S i o L

9.1  BASTS FOR DESIGN.

ETe

Flrst step in estlmatlng de81gn flood is choice
- O L ML,
of design frequency. THlS ch01ce is based on
Yo
‘ AL RERINEE SRS
a. Economic analy81s

- rigk of damage due to surcha?g} g

- cost of reducing SurCharge damage
wiELpdndond

b, Legal responsibilities

¢. Risk to human life S B
d.  Intangibles-and-uncePtainties such as

SRMODTUS e paatiho. & .
of design

.= inconvenignce Caused by_ggﬁeedance
g T R Xt et . : B T R RV

o Jelvit ovas oan p bold o
~ future development :

L el othersfactorssaffecting cholcerare

Ab;%iiy;ybjgggyidg;fp¥ure;religf for damage

2.2 DESIGN STORM - DESIGN-ELOOD: 7

2.2.1 De51gn frequenujfleads to @égign-flood on, 4,

(it i o

mokin JELE
’ sthean’ wi S a gaging station

'L.“B‘\f ;
v

2.2/2 Design’ frequency lwada %gaa'dgsighﬁstorm where
rainfall data exists P
2,2.3 A runoffwestimation technique fransf&rms\a,design

storm to a des 1Jn floqd

L,

2 1 H i i

¢ i
R S S S SUS M

v




2.2.4

:;-::.: ,,'_’_‘ - ) w n‘ - -_\‘

e, —_—

A Yunoff estlmatlon technlque transforms afdesing

storm to a, de51gn flood

T Desigh }lood

R 1;
[Ny ; . “ FA RIS
e i oL SR

._e : \y —" A ‘
Hydpaulic -Désigan"

2.3.1

Of kind .

D 20342

2.3 FREQUhNCY ANALYSTS oo, 7

C L hAme

e . . - e R .
T y oo o C

) 4 -
. - '3.“ ¥

'Probah;glty o

Déflnltlon Y

Where P =~

: ln any trlaj 'gggj;iﬁ,j' : *?Gﬁﬁ

‘n{ = number of 6ﬁféémé§aof kind{,

'"ﬁwi3”a@{itp%?iﬁnﬁmberMéfﬁffials;;_
Note : Z Pihe= =1, ...,

Probablllty alstrlbutlon

a, Pbr - ppobabillty den51ty functlon

b. A hlstrogram of frequenc1es

t 4



- Continuous x

2.4  CDF_- CUMULATIVE; DISTRIBUTION- FUNCTION

X0

P S T A N T

A

An alternative way to express a non-exceedance

or exceedance probability




The return period is the average numper of ..y

i
i

observations equals or exceeds a given value! of x

e.g. a ten yﬂdr flood is one whose ncn L%Laedance

probability in any given year is 0. 90 The probab3¢1ty

-
-

of a flood equal to or greater'than thlS magnitude

occurlng in any year is 8.10.

2.6  RISK . i .
a2 e L
2.6.1 The binomicaléprobéﬁiiity Law of Bernoyili trials.

ni
P(r) =  FT (oo gt pnT 1
g

= Pprobability of occurances in a trlalﬁ where

G = probablllty of -an occurance in any onb trlal and
P = 1 -4
2.6,2 The probability of any number .ogourances in n

years is called the “rlak”,"ﬁﬂw—

R = 1 - (0) L
:.‘ - (1) + ( .2,?_ -l l LI I ) -u . o_ LI NE IR 4 '5
n i} I 'W =
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ROAD = STDE DRAINAGE CHANNEL

iatie o

3.1 Roadside Drainage Channels Perform the vital

my BN

function of dlvertlng o remov1ng surface water from

2 “tHe | hlghway rlght—of ~way,.

Coeey TN
h ) Ll

They should provide the most efficient dleposal

system consistent w1th COot 1mportanee of road dnd

economy of malntenance One standard channel w1ll rarelvl

provide the most satlsfaotory dralnage for all sectlons
of highway, although 1t mlght be adequate for most.

lOC&thﬂS¢u\s

This.manual discusses flow 1o'road81de drainage
chanhels, estlmatlon of peak discharges from small areas,
prevention of channel er081on, and present methods for
the design of drainage ehannels requlred to remove Dunoff

from the area immediately adjacent to the highway.

3.2 FACTORS IN DESTIGN

The prihary purpose of roadside drainage channels
is to prevent surface runoff from reaching the roadway
and to efficiently remove the rainfall or surface water
that reaches the roadwav. To achieve thisg purpose, the
drainage channels should have adequate eapacity.for the.
Peak rates of runoff that recur with a frequency depending
upon the class of road andg the risk involved, On less

important roads where little damage would result from




' m 13 m-
overtopping of the drainage channel and where traffic
_would sﬁffer'oﬁly minor incoﬁvehienéé; a peak runoff
" that vecurs frequently might be satlsfactory. On major
‘hlghways or on minor hlghways where serious erosion damage
wou}drresult_from overtopplng the drainage channels,'s
less fpsquent peak runoff might be used as the design .. . _ .

runoff.

It is recommenaed fhat all dralnage fac1l:t1es other
than culverts and bridges be designed to keep the travelle-
ways useable during storms at least as great as th?EQeri_
10-year frequency. ST o .

RIS TR SR

CAPACITY OF CHANNEL

3.3 The capacity of a drainage channel carrying
uniform flow depends upon lts shape, 51ze, slope and
roughness., For a glven channel the capaczty becomes
greater when the grade or. degth of flow is 1ncreased.
ﬁThe channel ‘capacity decreases as the channel surface
becomes rougher. For bXdlple the stone putter or channal -

of the came size, shape and slope has only half the

capacity of the concréete gutter of c¢hannel..

Some times rough channels have advantage on steep

slope to keep the velocities from becoming too high.

The moat Pfflclent shape of channel is that of
DG M R ST

Semicircle but hydau]wc ﬂfflclency is not the Gole crlterlon,
ST T . L. s CTiE Y :
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In addltlon to performlng 1ts hydraullc functlon,,
:the dralnage channel should be economlcal to construct and

‘ requlre llttle malntenaHCﬁ durlng”ﬁhe_lg;e_pﬁJﬁquggadway.

A,Lﬁ.ﬁ,in,rﬂighwaysdﬁainage,ghannélsrma§;ﬁéjéﬁéséffigé:
~acgording to fuﬁctiqh‘asr=gaf¢érss'chﬁ%ésﬂLféédwéy”*f
channels, toe-of -slope Channels;ﬁiﬁtébﬁép%iﬁg7éﬁénﬁéi@,
median swales, and channel changes. | |
Jﬁgrﬁilt.'Gutteﬁ:rGutter5:are*tﬁéfchannéléiaf;the edges
' 50f the. pavement the shoilder ‘foimed by a ‘durs 6p By
ﬂﬂ;a_ghallowMdepressionxv,Gutteﬁg&afe.iﬁvafiéﬁiﬁfﬁHQééﬁmﬁ
with concrete, brick, stone blocks, or some other |

structural material.

Cutters are generally used in lleu of other type
chann&1* For tirbaii hlghway dralnage and are sometlmes
used -in rural’ areas, partlculdrly in the areas of poor

soil stablllty and’ for’ sp=c1al dralnage problemb Such as traffic

1nterchanges dnd’ underpasses.

In areé“where veg;tatlon cover cannot be used. to
=.-"‘preven‘c uPOblOH damage to hlgh fills, shoulder.should: be
designed to serye as awgutyep with.a.curb constructed at
the outer edge to confine water to the shoulder.

: .;' A

The water collected 1n the gutter may_be_discﬁarged
down the slope through the chutes. The curb may be made

3f edrth; bitimiNous matépial, portland cement, concrete,

1

- sigp. ‘cut stone. -
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$,4;2  -“Chutes: Chutes™ise in this manual, are steeply

- “inclined -open or c¢loged channels, which convey the collected

water to a lower level. The chutes may be used to convey

water down cut or fill slopes.

‘Opén chutes can be metalled or b'e"pave"d' with
portland cement concrete, bitiminous*materialg~stoﬁe, or
‘sod, depending upon the volume and veloeity:Of the water
to be remained. On long slopes, closed (pipe)-ehefee are
generaly preferable to open chutes because 1n an open

chute the hlgh ve1001ty water is llkely to jump out of

the channels, erode the slope, nd destroy the chute.

- 3.u.3. Roadway Channele-‘ Roadway Channels are the channels

prov1ded in the cut sectlon to ‘remove the runoff from

' H“ralnfalllng on the roadwey and an the cut slopes. _

3 RQ%N@XCMM®EL _

' Thesé channels are sometimes called gutters

when paved, -
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A well de81gned roadway channel removes storm

F

water from the cut areas W1th the lowest ovcrall cost,

A

1nc1ud1ng cost of malntenance, and w1th the ledst hazard

“to the trafflc.

- The channel should also be pleasing in dppearance.
.. The roadway channels built in'&ipth ‘Shbuld have side

© slopes 4 horizontal to 1 veptiddl or flatter Whgréfferain
permits,

- P ) I
e (AT W & DN v

‘The depth-of :channel shoulid be Sufficiéni to

remove . the watengwithOUtfsaturdting“the'pa@éﬁéﬁfﬂgﬁb-grade.

3.4.4. Toe-of-slope Channels : Toe-of-slope channels are
locafed at or near the toe of a fill when it is

hecessary to convey water cgllected by the roadway chénnel
% to the point of disposal.,: 6n the down hill side of the
highway, this channe I- can=af teti~be-1laid on a milid slope
and the lower end flared to spread the water over the
hillside. . In arid and semiarid regions, the water
draining out of the roadway cut should be diverted away
fr;m the fill for.enough 5o that it does not come back to

the highway.

3.4.,5 “int;rcepting Channels: _Interceptingfchéﬁnél§‘
are located on the natural ground near the top edge of
a cut slope or along the edge of the right-of-way, to
intercept the runoff from a hillside-béfore'it reaches
the roadway, Intercepting the surface flow reduces

erosion of cut slopes, lessens silt deposition and
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infilitration in the rocadbed area, and decreases the like-

lihood of flooding the highway in severe storms.

Interceptlng surface water is partlcularly 1mp0rtant
in arid and semiarid regions, Interceptlng dlkes may be
‘bullt well back from the top of the cut slope and generally
on a flat grade until watsr can be spread or’ emptlud 1nto

a natural watercourse.. -
An intercepting channel constructed by furnishlng

a dlke with ‘borrow material is superlor to an excavated

channel because the later destroys the natural grgqndwe6Ver
and is mope‘iikélyw%é“éréde, | -

‘~L":-‘ T T AR
wr b B
FELT

-1

,;Zi }!'5 A

Care should be taken to avoad pondlng water

) a’

at the toPs of slopes subject, to gliding. In Sllde areas,

I

storm watéh should be 1nturcepted and removed as- rapidly

as prhctlcable and section of the crossing highly parmeable 

soil mlght require 11nlﬂg W1th impermeable mater¢al

3.4.6 Median Swales: Médian'swales are the shallow
depresgsed area$iat or near the centre of medians used -

to drain the m@dian areas and portion of the roadway,

The depressed area or.swale_is sloped longnitu-
dinally for drainage, and at intervals the water is inter-

cepted by inlets and. discharged from:the roadway,

3.5 CHANNEL CHANGES

Channel changes alter the alignmentfbpicrossugection

of natural watercourses. Replacing a long channel by a

ey
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shorter improved ohannel will 1ncrease the channel slope
and usually decrease the chianne 1 roughness." Both of -
:these changes causs an lncrease in ‘the ve1001ty of theﬁ' -
flowlng water, sometlme enough to. cause damage to the
”hlghway embankment ﬁear the stbream op exce851ve scour
j3around the footlng of: the structures. Ailgnment and
-Grade._A sharp chaﬂge ifh ohannel allgnment presents a
p01nt of attack for flowing water, and abrupt c@anges
c.ln grade cause dep081tlon of: transported materlal When={“""
the grade 1s flatteneo or scour when grade is steepened‘
'therefore abrupt sharp changes dn allgnment Br grade

should be avolded

RYIUN

_ A drainage channel should have a grade that produces
velocities that neither erode nor cause deposltlon »

in the channelJT

Special‘attentlon is requlred when' dralnage channel -

discharges into naturalxstreams. The allgnment of the

dralnage channel should not cause eddles, which causes_“h;s*

scoure in the natural. strcam and if the flow Jine of
the dralnage channel is oon51derably hlgh that the naturalT
stream, a spillway or chute should be prov1ded to discharge
water into natural stream 1norder to avoide er051on in

the dralnage channel, From "De51gn of Roadslde Channels"

U.S. Department of Transportatlon Washington D.C,.
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3.6 MAINTENANCE

Maintenance is aessential to drainage system. The
drainage system should be designed, so that it is easy for
maintenance department to use their hand tools and equipment
to ensure that these systems always function as efficiently
as when it wag first constructed, Without proper maintenance
the roadside channel becomes_unsightly gully and some time

tpraffic hazard.







SECTION ~ VI

DESIGH _PROCEDURE

4.1 In this connection, each of the steps)gonsidqpqd
pertlnent to the actual deéign of a'ﬁighway.qu;nagengystem

will be considered in their-respective order. . . ..t

RECTE
)

A typlcal 1ayout plan and the dralnage criteria

will be used. Before any ae51gn can be undprtaken, certain

basiq_infopmation'and~daio ‘must be avallable to davelop .....

and detail the dfainage system,

4.1.1 Theﬁe:data~shou1d Consiéf:pfimariiy of the_following

o p e

1. The contour nap of the hlwhway and adjacent area

2, The “"drainage worklng drawing" showing the layout
of the Highway . (See fig 4.1)

. 4, ‘A1l painfall data, such as frequencv,‘intéhSify;
and. duratlon of storms.

"4, Necessary, hydraullc data, PPaPhS a“d tables for
PR the -design, 1nclud1ng standard specifications.

HES
oS

-‘M.l.ﬁ'rlﬁlécfuai dg;ign, Lnellnltlal step-.1is a compwehensmve
tudy o{ the topovraphlc mdp that is exte sive enough to |
include” the areas surroundlng the Highway, - to permlt |
1denﬁ1fy1ng possmble COHiPLbUthD gsurface of sunourface f}ow5
to determine general direction of flow, andﬂtqw%gcqte natural

water courses or outfalls. T

4.1.3 ?he,first*Sféﬁ in desigﬁigglé‘éhanpel is to.

determéne the quantity &6f the water the channel is to carry.
i e w ‘




WU o
4.1.4, Some of the storm formulas used in past give the
size of structure directly, but modern practice is to first
calculate the antlclpdtcd discharge and then de gn the

channels,

a Fov larger arggs other methods are more anullcable
(Soil Conservatlon Method Potter Method and Hydrogpaph

Method)

' The expected frequency of Occurance of ihe de31gn
'discharge is of a concers because economy 18 dlways factor

in de51gn. Over de81gn and .undeyp- de51gn both involve

s PXCGSSlVE costs ‘on a ]onﬂtlme bﬁSlS.L For example @ channel

-
AR

de81gned for 1 year storm frequency would have a small cost

to bu11d but .the malntcnance cost would be hlPh because

‘>the channel would be damaped almost every yearﬁ while on other

~hand the chdnnel desmgned for 100 yedr storm would be hlgh
flrut but very low malnrenance cost _Engineer’ judgment 15
required to choose the frcquency appropriate for partlcular

\

design purpose.

.2 STORM RUNOFF . o - AU

Pre01p1tatlon fallmng on land dnd Qater surfacés o}mﬂ
the Watershed produnes runoff, . Some tlmes the surrdce LPunoff -
_inereases due to addition by subsurface flow that JlOWS
just beneath the ground surface.and reaches the stream in

time to be part of: the storm runoff,

e,




- A2‘3‘ -

The.surface runoff which mugt be'éargiéd by the
roadside channel is the residual of the. pr6c1ptlon after
losses (the extractlons for 1ntercept10n, 1nf111trat10n and
depression’ storage) The rate of water lo 5 depgnds”

upon the amount of the pre01p1tat10n and the rate at which

it ﬁa@%g%glnteﬂﬁltyigfmpoﬁﬂtéﬁpréfaré and upon the character-

ERH

N
LAl
. i

stic of land. surface.bsii

LRRRLY b

crn

e

The 1nten51ty of rainfall is the rate at which
the ralnfalls.. Intensity is usually stafed 1n inches per
hour regardless of the duration of the ralnfall although

it may be stated as total rainfqiliiﬁwﬁ;gabtibular’%eriod.

ﬂmmeeae stworme thods - avallable for selectlng the

rainfall data used in fpuquency analy51s.' These mcthods

are the annual series and nartlal duratlon serlesv The
. annual=series:! analy31s conslderes only the max1mum Pdlnfallu

of the each year (usually the calander year) ‘and 1gnores

the other rainfall, of tha other years.

Sk

L.
e
i IR SR

Rit Vi

The partial- duratlon series ana1y51s con31der all

the high rainfalls regardless of the number oocurrlns w1th1n
a particulap- year.; When the return perlod (dc%lgn frequency)
is less than 10 yegrs,.the partial ‘duration series is




v

EER

Sl

. v
- PRI -

~Toiconvert partial series to annual series,

KA BT

: !‘ s

’W#ﬁhltiplyfﬁyﬁfollbwing factors:
molsaniton o T T i gy e
Bhcwoplyegwt . 0 0 - 0,88 .
e s edeans e 0.96 AR
10 Year _ 0,99 |

PR

:Tb'Eﬂénge'fﬁé”frequencyﬁédvvesubased”éﬁ'anﬁual
series to one based on partial-dﬁfafioﬁ’séﬁiés;'muléiply
the annual series values by the followiﬁg'fa¢tors.b

b

B R A | Tactep

2 YeAr ToLas e T

1,01

.4 - RATTONAL METHOD |

5§ainfallilnten5ity is‘convértedfinto'rajgipf,storm

. runoff by~théﬁf5tional formula. ¢+ - ‘
£ t;“.'-'".‘ e ;t_-;-,‘., e . Q .:L : C {, A ) - i

s E iWhere Q-= peak runoff .rate, cfs (cubic feet per

second?) with‘retuqnnpepggq T .

C = runoff co-efficient
w b T L =

“average rainfall: dintensity,:in/hr with return
 beried T, . k

1o

. A

-drainage area in acres

Ly

The rational equation is called rational because
1,008 ofs. .+ 1 in-acre fhr

i.e, the co-efficient is almost dimensionless.,
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4,5  PHYSICAL BASIS OF "iiE_EQUATION

. k.5.1 Consider~artonstant intensity rainfall, falling

' uniformly on a surface., &

L -
T ———
5 1

A ;After aﬂtime, thb flow off the surface is exactly

'unal to lnstanicou& 1nput on to the surface, A.

','('1 _ - ’ : . ,ﬁ - . . \ - 1

I A 'The time td establish this equilibrium condition
T ,lx!”.‘
is called to time- to—equlllbrlum te

Co ,Ifﬂfhe”fainfail ends befdre'te, the flow rate off
the plan would be lesé:fﬁéhiééui%ibrium value, | A,

d, ' Since real catchments are previous, a runoff
: TR :

co-efficient is applied

0 o= ola

4.6 TIME;TOFEQUILIBRIUMi‘té Vs_TIMEqQF'COWCBNTRATION, to

,h&H 8 I te- ﬁ deflned above as tlmu for flow rate of the SHPITCL

to equal 1natantaneoua rate of 1nput on. to the surface.




4,6.2

A

b.

Q.

4,7

- w 98 -

to. t;me of~cﬁhqantra%ron 13 a amblguous concept

"tlme requlred for a partlcml of watnr to wove from
- the remotest part of the basin- to-the outlet" GRAY

"Time requlred for the ‘runoff to become establlsheu
and flow from the most remote part of the drainage
,area torthe point under design" ASCE

Aﬁgﬁtwﬁquations in the literature for tc were
evolved by measuring te and assuming te = to

ASSUMPTIONS OF THE RATION’AL METHOD

DJ

ER N

ih

J;The .peak rate of runoff is a. dlreot funotlon of the

o average ralnfﬂll lntenelty durlng the tlmn of concen-

-%3tratlon.
% The frequency of peak dlscharge is the _
;nsame as . the fﬂequency of the average ralnfall
1nten81Ty. o
“The’ CO—ufflCl‘“t ¢f punoff s the same fo:
_ﬁ@f varlous fPG(ULh31QSo
VARTABLES
Drainage Areas, A (acres)
obtained from mag o pdxﬁ,-‘“”

b,

i g e
_-4.—"

13 appllcable to catchments

ess than 500 QLPGQ.# Larger catchments w1&1 exhibit

. .channel Storase characterlstlos. v

g ! f

Rainfall’ InteHQ1Tv( 1n/hr )

rainfall intensity is the average intensity over

a duration equal to te,

obtained from an "intensity~duration-frequency"

curve for chos=n frequency. see fig, ( ¥.1.
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LI

4.3,3 Timé-to—equilibrium

When considering A cgﬁchmenf;ithb te is the time for

overland flow plus channel time

o . ::..:*: '

" a, IZARD - -
. . 41b L Co

+c  (min) = (IR ?73 . 1 ‘}$;

_ 0.000d + C
5173

-

_and { = painfall inteﬁgi%y (:ﬁ}%%y“
S = Slope | | V
L= Lengfﬁl;f.pveriand flow_(ft)
C ;.béunoff C0~effiéient

¢ = vatardance co-éfficient -

SURFACE TYPE .. . ... e

Smooth asphalt 0,007
Concrete paving B ' ;d.O}Q
F‘Téfﬁéﬂé éréyel éaving V-:d;017
H}Cloéélchlipped séd  _7 o 0,046

DénSé b1ﬁegrass_turfw 0,060




S
P

B. Klrp¢ch's equatlon

~te (min) = C. 0078+ LO 7] SOfESJ

TR

e

When notation is the same as shown previously

Ca Kerby's eauatlon

te (min) = (2/3 LK/S@)D 467

Where K is a retardance co-efficient..

TYPE OF SURFACE ' _"‘ K

Impervious surfaces ' . 0,02
Bare packed soil, smooth . 0.10
Bare surfages; ﬁoderately rough _ 0.20
::Paéfure or averége grass 0,40
Timber Land, D601duous trees, 0.80
deeplltter ' .
llmber Land Conlr?rs 0.80
Dense grass ’ _ U.80

- od. Kinematicuwave—a fluid mechnical analysis of

overland flow led Ragan and Duru (1972) to

publish theé nomograph. see fig ( 4,1 )
o e .6
n

L .6
L 4 .
te {(min) = 9.93 L.'




4.9 _ RUNOFF_CO~EFFICIENT

Tradltlonally thoufht of as a conatant dep;ndent

on soil type qnd land use.’’ Whera.the dralnage area ‘is

S
composed of several typ s.of grdund coer, %he runoff
_ e
co~eff101ent should be WCAghted.- Several tables fer‘C‘
e o R ST
are shown on Page 36 8” ‘and . 38% RR2ER = -

t

For example_;

iy

'“leen : Asphalt pdvement dralnlng towards dralnage chaﬁng;( )

( Gravel) shoulder 8! wide and- 500 long‘\\

Side siopes e .15 wide and 500, long \“mii;“- -
Pasture Af‘fQiWSOb‘Wide_ and BQQ,long
) ‘{_dt—-—-mu-; mmmmmmmm u--tm-n-nn‘mmmp 'm——t-—‘—-hn-m-;'--l---n—-—nn-‘q-‘r:u ————————— ’
Sy Area | f/pe of Surface B {7 TCA !
18q.Ft. ro : R ' ! ) ]
L-— ————— &-2—. nnnnnn .-—J"-.:hh-hi-—m-ns-m-———-‘-—l;ﬂuu‘!;-;uia-.- ————— -.Q-n!u u-s-‘--v-——u—'
6000 . Asphalt Pavemvnt B . 0497%, 5400
4000 %houlder (Gra¢¢} B 0.7%, 2800
7500 Side Slopes - _' T s 3750
ﬂ”isqogo CYpasture .. w043 45000
167500, - » 56950




- 30 -

For use in rational formula, the CA product
(66,960) can be converted to acrenand mu&tlplled by

without computlng the wemghtbd 'C'

4.10;J:TIME?OPZCONCENTRATION

Extreme pre01810n lS not warranted in datermlnlng
tlme of concentratlon for the de81gn of drainage channels
of rural highways. Time of concentration can bea obtalned

by using any of the formulas glven 1n sectlon Q 8 3 or

using nomographs developed by p.z. Klrplch Fig. 4,3,

~SUW0ATY  RAINFALL INTENSITY

e Ralnfall 1hten81ty~frequency data are taken from.

weather Bureau Atlas.

. é chart such as fhat of fig (4,4) should. b@ constructed_

g 1=
_‘.-,

for pr03ect locatlon for the frequenc1es tQ‘bu chd foﬁ

the pro;ect design., i

I 128 B SINE RS PR SRR

For the use in the national method the valyeg ér -
total rainfall are converted to ralnfall 1nten81ty by
leldlng the rﬂmnfallwfﬁeuuenCJ Atals map value bv the‘;;.§

duration expressed in:Hours,

b BT

These maps should bé'ébnétruéted for Pakistan's
different WOGIDHS u81ng the ralnfall data obtalned frmﬁ"w

3
e ) - . X

Metrologlcai Department of Paklstan. O S

: a
1
1
\

i
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5ee example Rainfall intensity—durdtion—frequency

curve developed for Washington D.C, Fig 4.4

¥.T2 DRAINAGE ARFA

The dfainage_afea, intacres,'contributingrto the point
for which channel capacity is to bé:aetermined, can be-
méasured on a fbpographic map or determined in the field
By’ésfimafibn; péding, or a survey coﬁpgrablg-in ﬂcgﬂfécy

.., to the- stadia-compass traverse.

Computing_thg design;qischarge:'f

'The design discharge is computed by using the rational
(i) urrmnis . .
s .

S ranale

equation Q = CULA, -
L S men Dy

Lt

ST ENLE

A typical Layout of Drainage Plan is Shown in Fig:(%,1)

B . IA_T. i v - L
Area (Al) consists of overland flow_gra;p}ng towards
. o oo o Iimd s
int@ﬁ@ﬁptihngBdﬁﬁel;

o

Ll

Area (AQ} consists of pavement;§h§g@§ﬁﬁ:éﬁdhﬁ&&€“slopés;

Area (Aa) and A,) consist of pavement, shoulder, side
slopts’ and overland fiow, therefore weighted co-afficient

of runoff 'C' should:be cémputéd for these areas..

Then Compute Q = CULA in cfs




o TN TOIPING DISCHARGE Q= CiA

w

ct

©
v

1 . Measure the areas 15 §¢pe5JA1 see fig .1

2 Choose approprlate Runoff- Co—eff1c1ent 'C' and

[#a]

ot

[+1)
v

e ¥

~ﬁ”¥7flnd welghted et for area Ay

. ;1'\":,":{‘( &) :ﬁ 3" . P S et
. Step 73 Flnd Time: of .- concentratlon T “(From formula
- L ey B

. .‘. [ ::fl, E" Or. 'Nomog-r a-D_Irl } o S Bt Co

- ﬁ__,ﬁ<:ff ;'Flnd intensity” (110)~ L » et
s ~ (From Intensity- duratlonwFrequency curve for
Location) . .o

Step : 5 Compute Q1 = CiﬁU;Af*“ _

Slmllarlly Q2 _Q3 and QLF dan be computed

4.13 FOR_CHANNEL DESIGNS *

‘--_m o

ey

it

R R N Ly e
- Yséfminimum time of concentration 5. min .

Frequency*%*lO"Yéhbé”"










5 6
te =093 L
b g3
Example
L = 4L00ft
n =0 015
| =55in/he
S5=00
lg= 5 S5min

FiG:4.2-NOMOGRAP USING KINE

1000
800
600
500
400

LENGTH .FT

200

—
T
(]

-
o
o

1
-]
o

LZO

s34~

FIRST TURNING LINE

0

N

0.5

¥4 =
ﬁ"“ J=
ey Ju

- --ﬁ
ZL @024
] g -
) U

= -t O
2?38
=k “l o
-4 P
B3 0 E

MATIC WAVE FORMULATION TO

OETERMINI TIME OF CONCENTRATION FOR OVERLAND FLOW







HIGHT OF MOST REMOTE POINT ABOVE OUTLET
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T
n
&~ o
oo
=

E XAMPLE

Height =100 Ft.
200 Length=3 000 Ft.
Time of concentration =14 Min.

300

5,
(=

lil!!lllil i IIIIIIHITITI]

IIII/_I.
/3

e
— -
S

IR
W o
L= o M

Note :

Use nomograph Te for natural
basins with well defined channels,
for overland flow on bare

earth and for moved grass roadside

channels.
For overland flowj grassed surfaces
multiply Tc by 2.
5 For overlond flow concrete or
L— 4 asphalt surfaces multiply Te
by 0.4
=3 For concrete channels multipty
T by 0.2

i

(=]

llll!l

MAXIMUM LENGTH OF TRAVEL

— 1

Bused anstudy by RZ. Kirplch,
Civil Engineering VOL 10, No 6, tunz 1840, p.362

T T T I 1[' NERRILUL
S

L(FT)

Il

S
o
[
(=]

Ut
o
(e
o

/
7

2
1500

(=]
(=]

1000

— 500

~ 300

— 200
~ 150

— 100

S

TIME OF CONTRATRATION

FiG: 4.3:Time of concentration of small drainage basins.

Te (MIN)

L
i I 1 ’]li#lllﬂll

200
150

100
80

60
50

40

30
25

- M
oo

__.
*® 5

ft
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20.0
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E — NOTE — =
- FREQUENCY ANALYSIS BY METHOD oF
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Figure 4.A Rainfall intensity duration frequency curve for Wash. D C., 1896-97,1899-1953.
_ (U.S.Weather Bureau.)
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From ASCE MER Ho. 37

Description of Area
Bu51ness
DOWn‘tOWﬂ ';Al_'Alll.l.'vtot!ri(l.l..ll.l,"

Nelghbc}rhood.Ill‘l.‘@Sn!lllil'.l'.".‘i

Residential

Single“fan‘tily- aeTeTEE e e T e e
“Multi-units, detached...s
Multluunlts, attached T

........

Re51dent1al (suburban) R
_ Apartment,.h”r1.....a,a. S
'T/jIndustrlal .ﬂ.i;“, '

PaI’}CS, Cemeterles N AN
. Play{ﬂf‘oundﬁ Y E R RN “L l
Rallroad ya,r'danstduun;oncnr*'

o Character of SUrface o

;;Pavenent

.
11111

Bl"le -Qoqo.-ovo.c-"-uequt-tu--uu.ln"a

ROOTS viivnnsnsrnsdasnsmosomnrvestsaess L

Lawns,sandy soil

Flat, 2 pe“r‘cenf ';; -‘i‘.; R R “s O_.i_:'l -i‘— v

Average ,2 to?’ 7 pel”cent PP R I A A S S R
_Steep ," pePCént . e i N e Wb o-o_.,n _0'_7- '_.'

yor o 7

Léwns, heavy * sdlI

Flat 2 Percent FE N ) ".'\ ,l,0~l-.-‘l'lb'.-;--I.‘v.._l l_ 'l

Average, Q‘Tb‘?’peroent R R )

Steep, ’? ‘per‘t‘e’nt s v KL o-u:aozt‘su‘l YRR _‘-

v .
,,,,,,,

A

Asphaltlo and C@ncrete- J...;:;{;i.Qc

0,75

0,70
0,70

Cefficlents

to 0,95

“to 0,70

"to 0,50

to 0,60

to 0.75

to 0,40

to 0.70

| to 0,80
'tQ 0.90

to 0.25
to 0.35
to 0.35

%0 0,30

Coefficients

to 0.95
to 0,85

to 0,95

16 0.10

to 0,15
+to 0,20

to 0,17
to 0,22
to 0.35
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From Chow (196Y4)
TOoL e
Table 14-1, Values of Runoff Coefficient .C.
- Tyﬁeuéf'arainage area Runoff co-efficient C

----------

"".;.Law-ns::. F N T I R T R R

-Sandy 'soiI, FIdt; 2% o il il

- Sandy soil, average 2=7T % aesnons
I Sgndy,501l,$teep, 70 R
i i HeaVy ;_Soll’ fla-t ey e ¥ .
..:. Heavy so1l, average &«70

ﬁff;=HeavymsoLl,.steep, N5 R A NP

-'Bus_urless o o L drrg

:'1; Yo, DOWntOWn a.r'e.a.s- Peewsicarninieets ate s tutatetatatyt ¥
Neighborhood Areas ....c...

. Residential: e

'Slngleafamlly ATCAS aocesye
Multi units, detached. ... wss-
Multi units,. attached..,...
} SUbU‘f’Dan L L I I I I T S A L A
¢ Apartpent, dwelling.areas. -+ vev-or .-

- Industrial:

Light Ar€as vuvuecesvoneonceensss 0.50. - 0.86
Heavy areas .iiiviveoe. sicnnsenss 0.60 -»-0,90

... Parks, cemeteries Crrersn s resaneE
“fPlaygrounds‘:I:TJfl...;lé,,.;ftf_'
‘Railroad yard arsas (... . ....
- Unimproved areas «yevaecvacnces

'-Streets

S

ASPhBLth LR A ffi’n‘r’ Fd§ L ¥ daneend -r;it'”j =
ConCrPte LT A I A N a~a‘aau5.iwo-"‘\:*”":

. R
ol Br’—lck P N A Ve S TN L A N P '

Drives and walks R
ROOfS ‘;'607.|.0lhctli‘,»l.'O(qnq-ltirqualtlli"'ﬁ o

T et (S




Tabigmi.;

I S

L]
(&6
w

[

VTt

© oWt Typesof, surface

LT

L

E S
_u...,.._...r,_?.-;'.nm'p-_...---......u--.........-_...a._-_--,._...a'a-

I8
e T

Lt

Conc¢rete of sheet asphalt pavement Jivea.

Asphalt macadam pavement ..evessssssvsose

Gravel roadWays or shoulders
Bar’e e@l‘th t"i.o‘ll.l!.picl'u.
Steep grassed areas: (2.d) g

= Tirf. meadows.

Forested areas

ek
W

.Flat
area
Flat
area

re51dent1al ‘with. about 30. percent of

1mDe rvious

reoldentlal, with about 60 percent of

impervious’

‘1'!.

S Cultivated f;eldsr..

lCIt..lllIIIl".

'co"_n'-cc

u;coo»oqc

O...‘O...l.!

.

- Ubpban--Ardas 2

L]
L]
13
Vl

L)
i

ouut.liooonbl‘.o

.IIII‘.C"I

FE I IR S I N A

YRR R

.
R R I
L)

K

- e & & &

.- e s s

..

St e b
SR
1

ot

L]

L

IR

..0.'.0."‘

e, DT
i T SO E I,

“Uf Runoff QQefflclents (c)
- for qu in the Rational Method

-Q--m-——y——n-————un-n--—u—-n--r ------------

-

Runoff Coeffi-
glent (C) ‘

—ununm— - — -

% 8 s & & * =

oo oood

n.l.lnlt.l,1‘.iltllc.tlcclla-

Moderately steep vresidential, with abait 500

percent of area 1mperv1ou3

‘.“......'I.‘Q..l!

Moderately dteep built:up area,. with about 70

cizpercent of area impervious
Flat commer01al, with' about 90 percent of

sarea,

T et

1mperv1ous

l‘.lll.!alti‘il“l.l.l...l!'ﬂ-"_'M.'

MR

..l..ll"'.‘.f'll!’

1
‘moocooo oo

B

eye = e

0,55

6.65

0,80

. 0,80

LFE W F 300 w0
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SECTION =V

HYDRAULICS OF DRAINAGE CHANNEL

5.1 Flow 1n open chdnnels s class1f1ed as siead} or

unsteady. Although tHe f10w in most channels durlng
'the storm is unstoady flow, but assumlng %he peak flow

as steady flow,greatl] simplies the de81gn of dldlnage~‘““

¢
{ e
LA

_channelsﬁff &3‘

e m

)

ang depch of flow changes from‘sactlon‘%o”Section,

°+2  UNIFORM FLOW » ~v@if o' " SRR

......

.....
P

[

For unlform flow gradb must be con%tant and all EWT*J”]

Crogs=- seotlons of fiow L t‘be 1dentlca¢ 1n form, roughne%s o

,,,,,

and area, necchltatln ‘a Cohbtant mean veloelty.w Under A
uniformn flow Condltlons, “the “depth (dn) and the mean

velocity {( ¥n) for a particular discharge are said to be normal.
Under these conditions‘the water surface is parallel to

'stream bed,

5.3 MANNING®S EQUATTON

Manning's equation may be used if the channel glope,

roughness and cross-section are constant for some distance,

.9+3.1 Manning equation: In 1890,Manning presented evidence
that the chezy C varied with the hydraulic radius raised to

one-sixth power,




S T -
R1/5

11

C =

In which n is the Manning Roughness Co-efficient.

5.3.2 MANNING FORMULA

273 J5
In English Unit Q = lﬁug—v AR 8
Q = (cfs)
Q = AV
_ 1l.ug r2/3 g%
n

= mean velocity in. feet/second
manning co-efficient of channel roughness

= hydraulic radius in feet

75 B~ > B B ST
N

= Slope, in feet per foot

R, the hydraulic radius, is a shape factor that
depends only upon the channel dimensions and the depth of the
flow.

It is computed by the equation
R = A/WP

where A = cross-section area of the flowing water in square
feet taken at right angles to the direction of flow. WP =
wetted perimeter of the length, in feet, or the wetted
contact between. a streaa of water and its containing

channel, measured in a plane at right angles to the direction

of flow.

i . 3 B 2/3 ok
5.3.3 In SI Units Q (n"/3) = 1/n AR S

5.3.4 Nomographs such asg that shown in fig 5.1 provide a

graphical solution of manning equation

Example: The drainage channel, of straight alignment and
uniform cross-section in earth, bottom width
2ft., side slope 1:1 and depth 1ft.
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Nomograph for solution of manning Equation
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To find velocity and discharge manning n for

earth channel n = 0.,02. |

241 = 3ftAm;f3;:,;f;

) “Area- .

WP = 2+(2x1.41) = 4,83 .
_ 3 '
A/WP = 7. - 0.82

Using the nomograph fig 5.1

and values of 5 = 0.003, n = 0.02,. Velocity = 2.9 f.p.s

15

The discharge'Q Ay

S
[ L

8.7 ofs

= 3.0 % 2,9

o4 SIZE OF CHANKNEL

The cdﬁmoﬁ{ﬁroblémiih cﬁ&nnel design is to find
the size of chanﬁéfibequiﬁed to carry the design dischaﬁge
on the available sidpe and to computé the veloéity in the
channel in order to determine what protection is needed
Lo prevent channel erosion, Channgl charts are available
to solve these problg@sgL If the charts are not avéilable,
to solve:. this problem trial andrérrqrfprpcedure are'used,
;by;varyipglgepth and‘width of chgnneirénd select gppropriate

section,




" Gy »

T
[

_uExémple ég A trap8201da1 grassed llne channel Lottom w1dth
1 s s
2 , with side slopes 2+ l, and n = ,05 qlope = 0.01

discharge = 35 cfs find = Depth d, and velocity, V

P

Az @red

C WP = 2+2d 5 = 2+, u?ﬁ
o 2424
R= A/WP Q= 7¢E“E%% =

Now assuming 1.5 depth

(2+2x1.5)1,.5 - 7,50

R - 2+i+.u7’xl‘95 |' o T O ‘:zl 8. : l T 0.86

Using Nomograph fig 5.1
Velogity =:2.70 i-r

Q= 2,70 x 7.50 = 20,25; cfs
ST N T
Now assuming 2 denth,

R = (242x2)x2 12 - 1.10
TR ETx2 T Tio.ew T ¢t

Velocity = 3,2 Using Nomograph (5.1)

3.5 FPS “_\_ D
Q = 3.2 L * 12.0 : 38,4 ofs
_NOW asaumlng depth 1, 8 feet

o ]

P e ?)_OQQS §_

0. 01___,

R #: lmgs s a; R e

» et fie 07 "From Nomograph S apg g T T

8,12

':l i

'Véldcity;

Taaer

: Q 12202 % 3:12

Jui38 = 35 ofs
and veloc1ty 3.1 f DS which can be‘ﬁermiffed'ih gfaésilined

'channel
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5,5 NON=-UNIFORM OR VARIED FLOW

A Varled steady _Low ocours when the quantlty of

water remains constanu, Dut the depth of flow, ve1001ty, o
cross-section changes from section to ‘section. Thy continuity
“equation is

Q - A]_Vl = A2V2 .l.!l‘:tt.ei"J.‘An X Vn

g e

The hydraulic designzéngineer needs a knowledge

of varled flow in order to determlne the behav;our of the

T

flowing water when changes in channel resnstance, 81ze, shape,

or slope occur. : e a;ﬂutv““

e ren
B, Conservation of Energy. .- -~
1. The energy cquation for open channel flow is:

2 2 _
V1 V2 i
+ - -t

7 Dyt2y-he = g T dy %2.

if

Where d = depth of flow at?dny sédtion-
d = critical debfh of flow in channel
g = ft/sec’ = Acceleration of gvavity
z = fto = Flevation of bed of
Channel above a datum R
L = Length in feet ld_ﬁwww~~r”
EGL_M;hiEnepgv gpadlent llne
HGL = Hydraulics sradient 11ne
:87 = Slope foot/feet = 77

B e




2. Specific Energy - Energy at a section with reference to the
channel bottom is called spécific energy, E

Y

: = 2 © e e e R )
E = 2¢ + d : T

for rectangular channei- (b = width)

: : 2 . Sl :;‘;.]‘ -
oo EBEe A Ty g Where q = -Q/b-
: ‘_dizg., ' S

N for a . given- dlscharge and channel shape thb spelelc"

diagram can be constructea

T 4 = Constant ;; e
apstwd Suborlt:x.cal TN B ,
L5 RRTARREN NCER -
B ReT eI | ; Flow - : o Alternate depth ... - ST
d o ks IR - re i teoin
e oo/, Super Critical Flow"
T E I P — |

—Depth-J:VS_- speéific energﬁ.nelation

It can be seen that forAa Ulveﬁ dlschafge there ara two

depths for which, the Flow has the same energy 7 one

supercrltlcal -and’ one aubcrltlcal S |
Thefsﬁécific=ehérgy reaches a minimum™a point

on the curve, Thls is the only p01nt where energy 15

single valued. This depth is called crltlcal depth -,

Thus crltlcal depth is duflned as the depth of flow. at

which spe01flc energy is a mlnlmum for a glvén dlscnarve.
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An alternative definition of critical depth is

that depth for which the discharge is a maximum for a given

specific energy.

E = Constant
.
d aqmax \\\
d [
c | P
l o
éf _.--"""M.,—”’-
bﬁ;:'/ -y

Variation of g and d constant specific enebrgy.

These two diagram can be used to deférminé*depjhﬁm

changes due to channel transitions,

By assuming no change

in total energy.

“a,

b,

a change in bottom elevation changes E by the

amount of elevation change, A%

a change in channel width changes the discharge

per unit width, 9,




i
.
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—
~ | &1 {Subcritical d 2 {Subcritical )

po— ]— —— el Bl el L 3

[3 T
d2{Supereritical )

Changes in depth with change in bottom elevation

——— e
/
Ploanview
W;x!er
. surface for
.‘/Haier surface for subcritical flow supereritica o
o flow
— =
e
d 1 {Suberiticat) Et=E; == l.
J/ da (Suberiticat) | |
dy {Supereriticat — - (S“P“"rm‘“ J
{3
fom a1 o 92—y

ELEVATION VIEW

Changes in depth with changes in channel width
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5.5 SIGNIFICANCE OF THE ROUGHNESS ( MANNING 'N)

| When.new the ccprylng capaclty of the -channel is
greater than that for the channel is deszgned Therefore
‘a value of n should be carefully selected from.tﬂe teble,
usually midway, so that higher veiabity:does.ndt;damage
the newly constructed channel, before it reaches the

'de51gn condltlon.

[

5.7 . CHANNEL- PROTECTION

ﬁﬁegimuﬁ perhi? sible veloc1t1es for channels in 37
_varlous 90113 types should be determlned. If the mean ot
‘:wveloc1ty at the design flow exceeds the perm1851ble -
ve1001ty for the partlcular 3011 types, the channel should i
;be p“otected from erosion, Channel protectlon can be
'prov1ded by 11n1ng w1th grass, concrete,.bltumlnous‘
material, stone, flber g‘ass, or a preformed materlal such
‘as metal or wood flber 1mpregnated wlth pltch. Generally,
“the lowest cost (1nclud1ng malntenance cost) lining should
‘be used, The type of channel lining mlght vary along the
1ength of the channel, u81ng low cost llnlng such as grass

on the flatter slopes and a hlgh cost llnlng such as

conerete on the steeper slopes.

5.8  ~BUOYANCY OF EMPTY CHANNEL

LeIﬁ.setﬁréted s0ils, emﬁtylchannels with rigid
linings may float, or breakup because of the'uplift water
. pressure, The total upward force is equal to the‘weighf

of the water displaced by the channe13op56?}4 times the

o




AP
R A

qfwezght OF EHeULIARELT v e

JEheieefxgineggeeugpliftfPreesure._‘ 

AT
\J:f\. EAN

ivolume -in . cublc feet of the portlon of tho channel Cross-

“J _| S ( . \' .

sy eectlon wh;ch 11ee below the water table.

DRGNS U S 5 - g

The upllft ﬁressuve gt reelsted iBY, The Tto%al-

£k e L PO . :
s W :;'_,-r-.-a g r,».l-,-»._v[ Lo T ;-1 ._‘,;,

AR ST SN FlEH T (“‘_:.‘.7'

When the welght of the llnlng lS less Lhen the

.:' ---{,
R S S

uplift pressure the channel is unetable in saturated solils,
Then the lining should be 1ncreasedu1n,th1cknes to. add

eddltlonal Wo;aht or 1f The flow lS subcrltlcal, weep holes
mey be placed at 1nterva1 in the channe3 bottom to relieve

HLiss ‘Z! L

the upward water pressure in the channc].' The dlemeter of

I RS i T

.. the holes should be 2 1nches to uAlnches and epaelng

~b g ogn s
ST an

"between depends on; type of the 5011. When the flow 1s

s

‘superep;@;ea&, SQPdFﬁlhdg& should be used rather than weep
R RN ST BRI PAS SR LIRSS T : _

Ly

“T 8V " pa ‘AND’ SHORE PROTECTION S

1 v g e
RS _—',f:‘Jf:j"-_ N '-'{“.'I.

:-z . 0 ,-';m R l N ; A‘; R vi—:- RIS ;

Sfream crossind _ere unav01dable, but mosi or0581nge
= FRannnet e o

exposc hlphway embankmente to attack by the stream. If

"

'the EPOSLOH of the hlghway embankment by a etream 38 to be

F

prevented the need for bank protectlon must be eqtlelpated

and the proper type dnd amount of protectlon vaV1ded in

P RIS TORRE
the right places, Bank'protectlbﬁ‘ls mbre econom1cal

‘than the damape caused by flood to hlghway embankment, and

- yepalb*eOetfafter‘eechlfloddgf; g -{f.+~-y§f ?fﬁ}ﬁif

s From‘"Road51de Drdlnage ChanneIO” U S Depi“ of
W N . , N i S ; B r-l! T'.\

:'Transportatlon.



SECTION - VI

o rmand w.r»m.—-w

6.l" B A culvert 1s'éovére& channe1 of comparatlvely short

length installed to dprain’ water through hlghway and railroad

embankment.

A bridge carries trafflc over & stream, a culvert

S e s

carries a stream under the Lrafflc

) "The Iﬁsfalléd Culvert 7

A
| d =D ; TW
IR j
H s
T el X
-fL'=: o
By

d = depth of flow in culvert ( 4 D)

D = inside height of culvert
H = culvert head or energy required to
pass the flow‘_"
HW = haaﬁ%ﬂer d@pth above 1nvert at 1nlet

£
0

length of culvert jf

= 4
"

mannlng roughness co-efflclent

[
. :

dlscharge through Qulvert

Ve
T

culvert barrel slope

[ %2]
Ii

TW tailwater depth above invert at outlet

i
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. ?é?w;fﬁéRLIEST'DESIGﬁST(HIS?QREmQEgQQLMEEIQQESIGN)

c» 1y Judgement.of mon-professiondls f..
2. Built with local materials by cheap :Labop :
3. Often washed out but economic loss small

6.3  EARLY EMPIRICION . o

6.3.1 One-man personal«judgement’system-at each cross
drainage site, estimate the average channel width in 2ft

unit,'then use that many pa rallel 24-in culverts.

6.3.2 The minute-inch correlation at each cross-drainage
site, dispatch a man on a horse to cirecumambulate the

watershed“~'-

‘The' -duration of the “ridé in minutes bacame ‘the
diameter of the culvert or span-of-bridge, in inches. This
was the beginning of rationalization !

6.4 FCRMULA WORSHIP-ANYTHING CAN BE DESIGNED
BY DIRECT APPLICATION OF A FORMULA

v !l .

a, Talboct formula . .

b. -Burkli-Ziegler formula .

6,5 . FREE ADVICE_FEOM‘PIPE VENDORS

a, Especially attractive .if project engineer lacked a

competent culvert designer, _ o
TLEL USSR N . :

b. Vendons could pad, _ an estimate;with.ovgr design,
but this atleast prevented underdesign by incompetence.,
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d.

[
L b~

USE OF "RATIONAL FORMULA™

KRequires integration of hydraulics, hydrology and
hydrography.

Design handled by specialists.

MORE COMPREHENSIVE DESIGN
BASED 0N A CONSTDERATION OF ASPECT TN

Hydrology

. Hydraulics

Eeconomics

Highway Engineering

TYPES AND USES OF CULVERTS

.1 Longinitudinal Classification

Normal-stralght through embankment
Sag (inverted siphon) culvert

Drop-inlet culvert
Cross-Section Classification

Box culvert
Circular Culverts
Oval Culvert

Pipe arch culvert

MATERZALS O CONSTRUCTION

Culvert barrels are made from a .variety of materials

FPrecast concrete :
Vitrified-clay E

Plastic ; Small
Cast iron E

Corrugated metal pipe _j

Corrugated metal arches
Reinforced conecrete ovals Large

t

1

T

I

Concrete box culvert R







BOX
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T
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7777777,

77, ; - |
777 77777777777 77T T T2 77 77707 77

Drop Inlet

Sag or Inverted Siphon

il

I ITT7777777 777 777777 Ignrrrrrzzrrzrzry %

Normal

Culvert types - Longitudinal.

OO0

Circular Pipe arch Oval

Culvert types - cross sectional







6.9,2 Type of culvert material ohOSGﬁLQﬁ;g;ddmpetative
economic. basis with appPOprlate con51derat10n givan to the

follow1ng varlables';

ET B R

‘;a:ftdurablllty

b;- SLructural strength

c. bedding conditionsl

?', abrasion and oorr081oﬁ re51éténcé
e: Kwater tlghtneqs

f. hydraullc roughness

i)rlr0ugher plpe may ald 1n enervy d1QSLpat10n~

reduce outlet valoc1ty

ALE o e

ii) smooth plpe may 1ower Hw for a. glven

S :

- ._......-n._._......, —

dlSChanL 1f outlet control

Ty . : i




630 - CULVERT USES .. -

i
*

VHFH}“ﬁﬁéhwéy;*?311Way,“and canal draiﬁagéh
b. Outlet conduits for dams and tanks
Ce. Turnout structures for 1rr1gatlon oandls
d. Filling/Emptying COndult for lock chambers

e. Storm water sewers from street 1nietb to
streamgl - - BN

6.11  IMPORTANCE OF LULVERTS e

6.11.1 Approx1mately 25 uSO% of hlghway construotlon costs
are associated with dralnage, and more than half of this

spe01f1ca11y for culverta.

'6 11 2 Lach culvert, no mattcr how small, is an integral

part of the fpanSportatlon system.

Ai o

6.12 : PROPER DESIGN IS LSSENTIAL

6.12.1 The fundamental Objectlve
"to determine the most economical diameter (size)
to pass the design discharge without exceeding the allowable

_headwater"

6.12.2 Design Philosophies:
2. Capac1ty - culvert should reliably carry design
discharge

b, Performance - certainty of culvert performance
is the head-discharge relationship unique ?

¢. Application-Use of all available knowledge of
culvert hydraulics by competent designer,

d. BService life-design culvert to have service
life comparable to the rest of the system.



6.13 DESIGN UNCERTAINTIES

6.13.1 Uncertainties complicate the determination of

optimal design. The uncertainties canh be classified as:

"é;.VHydroiogic
b. Hydraulic
c, Structural

d. Economic

6.13,2 Design consideration of these uncertainties
requires the use of statistical and probability models

in conienction with an optimization procedurs

6.4 DESIGN ASPECTS

6.14,1 Planning
| a. Plan Location

'
/

- S !Chavml
\ Cmﬂrﬁl' ( Ch@tml

/TN
Qulvert

\,

N

W
W3 .f)j\‘\///“ D78y F,u;—r T

Vg T




6.14.2  Alignment

Thas a general rule 1t is best that culvert

“-allgnment conform to the natural stream alignment.

6.14,3 Hydrology-determines design discharge

G.14.,4 Channel Training

.

rdad

Longnitudinal drainégé:ditéheé or channels

along th@ road

Lross dralnd;e—approach to culverta through

6.14.,5 Culvert Type

Crosg=-Section shape
Materials of Consthruetion -
Structural. Strength and Durablllty

Installation Procedure

6.14.6 Hydraulig- oo o

Barrel roughness
Inlet/outlet conditions, beadwalls,winqwalls

Appurtenances; debris oontrol struetur#s,
energy d1591pator%.

"B.14,7 _M@intenance

6.14,8 - Economical design-minimize costs



SECTION - VII

DEFINITION AND BASIC CONCEPTS

The Culvert

?.1 A culvert 15N3}mgéy a short, enclosed condult

\-..\ -
which, due to “the hlghly variable.. alscharge 1t carrles,

may behave as ia. plpe flow1ng full, an oﬁ‘hxchannbl w1th

a free surface, or a comblnatlon of both.

1.2 The culvert may or ﬁéy notfﬁavé?Special
appurtenances éﬁCh~asmheadwalls, winéWEilsw_debris”
barries, and fapéred inlets at the culverts enff&ﬁb@anr

and endwalls, wingwéils, and .energy disiﬁéﬁors.at the

outlet,
v _
Zmr T b
X ‘ i
M ‘H
b L TE T
Lde
So .

D ,
. Or TW = n,




- GO Ty e ! =i
WATER LEVELS e s ORI

7.2,.1 The headwater elevation, HW, is contﬁoifga”byliiﬂm~
the culvert and its appurtenances.
7.2.2 The tailwater eleyﬁtiong TW is controlled by

the channeludownstfeémrfrom the culvert!

7.3  FLOW. CONDITION AND: HYDRAULIC EQUATIONS AND-
TYPE OF CULVERTS FLOW

- For practical purpose, culvert flow may be classi~
fied into ®ix types, three ﬁavé”submergeﬁ entrance °

conditions and three have a free entrance condition, .

7.4 SUBMERGED ENTRANCE:

7.4,1  Outlet submergad, culvert flow full

' . | i~ '
;//// - l “\j TW

In this cdnditiéﬁ the culvert behave as a pipe
conneétiﬁg"twa"reséﬁviores. The larger the head, H; the
greater“thewdischarge;"Any‘change.iﬁ tailwatef"elevatigp
will effect the heaéviat'er5 hence theAculvérf is operat;ﬁg'

under butlef:control&
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7.4.2, Outlet‘ Free Culvert Flow Full

7 T~ T.

N ‘
. S . r}\ -
e B s

In this condition the culvert fiow full because

the barrel slope is too flat to overcome friction losses.
- N . The normal depth of flow for an open .channel of this slope
inH”"“} is greater than the pipe diameter. The tailwater elevation
doas not affect the flow, but the culvert length, culvert
slope, and_cu}yertrroughness have an important influeﬂée
on the flow, When critical depth fallshbelow theué;owﬂ‘

 of the culvert, the culvert is operating under outlet

control,

7.4.3 Outlet free, culvert flowing partially full

TW




In this condition a free water surface exists

through the ouivert barrel The inlet behaves as an

OPlflCe and nelther the tdllwater ner the barrel condltlons"

Ny

affeet thp flow. The culvépt is. operating under inlet

control

7.5 " FREE" DNTRANCE -,

1.5;1¢;,Tai%water gréatérqthéh~critica1 depth

In this condition the flow is suberitical
throughout the*ddlvert. Any change in tailwater
elevatlon W111 1nfluengs the headwater elevation. The

 mculvert is operaflng undey outlat control‘ Ca
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_EQS;Q uT@ilwater.lesapthanfcritical depth,criticai depth

.‘at out le t. _‘ .

W‘fTﬁ this conditiongthe téilwéter‘élevation Ha's nd
“gffept;én'fhe flow.'tHowever the barrel flow is’ subcri%ical
ngthewheadwaten_elecation is influenced by culvert length,
culvert slope, and culvert roughﬁééS{"The gulvert is

operating under outlet control

6.5.3 Tailwater less thaniéritigal depth, critféal depth

at inlet.

Y
vt -

In thisﬂgonditionVﬁhe'é;ﬁiﬁe*fibw thfbugh thél,.‘-
culvert is superqfitiggﬁﬁ Fﬁéﬁée_ggndiiidns in the barbel
or at the outlet have ?@ inleégg§;on7fhéiﬁeééw§ter
elevation. The inlet p9haVéS;;$ a weir, and therculvegt?fﬁ

is operating under inlet control,




7.6 FLOW CONDITIONS

Therc are two ma}or conditions of CUlVHPi fiowj

1nlet control and outlet contrpl.

7.6 Inlet control: A culvert operates with inlet
control when théMfléw capacity is controlled at the

entrance by the depth of headwater and the entrance -
. geomatry. - | !
‘;11542---Gutiéf"control:' Iﬁ'outlef“contrdi the éulvert
performance 13 determlnbd by the factors governing inlet
control plus the controlllnp wWater r*ur\faoe elevation at

the outlet and the slope, length, .and roughness of the

culvert barrel. ‘

7:7 INFLUENCE OF CULVERT s‘L‘opg__F

Some of the typeo of cu1Vert flow dupend upon
whether the slope of the culvert barrel is hydranllcally
steep ovp hydraulically mild, Types 8i4.1 and 6.4.3 can
oceur for either mild or steep slopes. Types 6,u4,2, 6,5,1
and 6.5.3 can Op;y occur on mild slopes. fype 6,o 4, a

can only occur.if the barrel slope is hydrau]zuﬁlly steep.

7. EQUATION& OF CULVFRJ FLOW

To develop a melationship betwaen diséharge and
headwater elevation, the energy equation is ﬁﬁ cd. The

basic analysis 18 different for the two control ﬂoudltlonb{



7.9  INLET CONTROL
7.9.1 For headwater lsvels small enough such that the
enfranpe_is free, the inlet behaves as a weir with critical

depth occuring at the inlet. The barrel slope is steep.

7.9.2 For headwater levels largé enough such that the
_eﬁtranbe“is submerged, the inlet behaves as an opifiée..

' 7.9.3  In either case +the following equations may be used.
’Q Va2
' _ 2g .
Cd = discharge-eu»efficienf = _%gﬁ;—

)

2

cd A 2g (h +

(cd = 0.62 for a sharp edged inlet, while
for a well rounded inlét Cd approaches unity).
Cc = gggmeffiaient of contraction
Ke g{antranée 1QSS:coveffiqient
A = ﬂAvailéble.flow areas'ét entrance
_ hﬂ‘;' HW&dc? for freéiinléf”
HW»D/é fd? submerged inlet

Va = Velocity of approach (usually negligible)

7.10 OQUTLET CONTROL

7.10.1 For culverts flowing full under outlet control,
the effect of inlet, outlet and barrel conditions must
be included.in the analysis.
Total energy loss consists of .
3 ‘ )

. . g2
3 4+ N o - -
i) entrance loss, Hj Ke T

i1) “friction lozs (from manning equation)
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1i1i). exit-loss or energy at exist

These 1osses are shown schematlcally in the following

SketCh o - . S [

rury e
i SEE R
J Iy F ~

W

The headﬁater.elevainn is determined by the fl@wing
equate, H
HW = He +:hc + Hv‘+ TW - Lso
NOTE :

The HW includes the approach velocity head.

7.10.2 For fﬁé flow condition in which only a portion'of‘ e

the culvert barrel flows full with crltlcal depth at the .

outlet, the .analysis ' is more compllcated

¥ 7
Hw (H I
_ —rg,
50 TR

Computations based on the'gréadally varied flow
equation must be carried out to determine the location at

the water surface attaches to the culvert crown (Point-P),



w B7 =

Then the headwater elevation is determined from the

following equation

HW = D+ S L +H + H_+ H - Lso
o .o e f \
3 q = S
Where Le KC T
He = 2g n° Lffﬂ;vz
’ .RL}; 3 L 2g
H ot V2 : . J
v = T2

NOTE : This HW includes the approach'Qelocity head

7.10.3 If the headwater elevation is such that the entrance
is free and the depth at outlet is either critical ovr
controlled by TW, fhé ﬁéédﬁétef;élébation 1s determined.

by using flow calculations are carried out for the

entire length of the culvert, starting at dchor W, to
determine the depth of flow at the inlet do, Then the

headwater elevation simply.

T w

HW = da_ + (1+K ) Vo?
o e’ g

zg
Vo and d_ are the velocity and depth at inlet,

respectively,
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7.11  INLET CONDITIONS

The inlet of a dﬁivértnpréﬁideé a localized energy
loss, If this inletwldss:ban,be feduced, the headwater
elevation for a given discharge can be lowered. Furthermore,
with a culvert flowing'part fuil, appropriate inlet
modification may cause the barrel to flow fulil and hence
allow the use of a smaller diameter barrel to carry the

A liéfjof{thé Hiffé%ehf‘tyﬁé Of'ihlets along

‘with'loss éolefficighfLié'giGéiwiﬁ'tﬁé'%diloﬁing table,
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TABLE 1 - ENTRANCE LOSS. COEFFICIENT

Outlet Control, Full or Partly Full .
Entran‘ee Head loss _H-é =K V?

e??g-l

Type of Sj_tfdctu:f@_and Design of Entrance. Coefficient K
; " L

Pipe, Concrete - .

.. Projecting from fill, sockur and (groove=-end) 0
Projecting from fill, sq. cut end 0
Headwall or headwall and wingwalls

Socket end of . pipe {groove-end) 0
-Square-edge i 0
—Rounded {radius = 1/12D) ‘ : 0
Mitered to conform to fill slope o 0

*End-Section conforming to fill slope 0
Beveled edges, 33.7° or 452 hevels 0
Side-or slope=tapered inlet 0

- Pipe, or Pipe-Arch, Corrugated Metal

Projecting from fill (no headwall) 0
Headwall or headwall and wingwalls square~edge. 0
Mitered to conform to Fill slope, paved or unpaved slope g
*Ind-Section conforming to fill slope 0
- Baveled edges, 33.7° or 459 bevels 4
Side=-or slopeutapemd inlet 0

- Box, Reinforced Coricrete

Headwall parallel to embankment ( ho wingwalls) 0.5
Square-edged on 3 edges
Rounded on 3 edges to radius of 1/12 barrel -
dinension, or beveled edges on 3 sides 0.2
Wingwalls at 30° to 75° to barrel -
Square-edged at crown 0.4
Crown edge rounded to radius of1/12 barrel
dimension, or beveled top edge o 0.2
Wingwalls at 10° to 259 to barrel -
sSquare-edged at crown g.
Wingwalls parallel (@xtension of sidas) g
Square~edged at crown ' 0.
Side-or slope=tapered inlet . 0

N w3

*Note : "End Section conforming to £ill slope,” made of either metal
or concrete, are the sections. commonly available from
manufacturers. ~From limited hydraulic tests they are

equivdléntiin ‘operation to a headwall in both inlet and outl‘ t
control. ~:Some-and sections, 1,ncoxpor'a't1ng a closed tapér -

in their d@Slgn have a superior hydraullc performance. 'I‘hesb
latter sections can be desipgned usmg the information given for

i the beveled inlet, P. 5-13,




x|
_ ANAELY‘“IJ PRG@EDURE
EVALUATION OF THE FLOOD RISK FACTOR: IN THE DESIGN

OF BOX CULVERTS

(” HYDROLOGY, GEOMETRY., COSTS
~ ACCIDENTS STATISTICS o

-

START

y

ol . SELECT.
e T BEGTSION VARTABLES

1. £ : CALCULATE ANNUAL R
! CONSTRUCTION .COST i i *" 5 °

2.~ "PERTORM FLOOD ROUTING

PR

3. . ESTIMATE. EMBANKMEN‘T
LROSTON | l

VR

CALQLATE LOSSES - | o oot
1. Danage to-<tructurs — == T .
b, 2, Damage to Adiacent Area
3. ’Irafflc ﬂ@leted I_zasses

DECISICN VARIABLES

" CQUFUTTHG COST
S

-
S P

5 WEIGHT :LOSSES WI1H FLOOD ~- =~ ,_,‘.-_ I
S P " PROBABILITY ON YEARLY BASIS

R fmr o -

Cr

OFTIMIZATTION INVOLVES COMPLETE ANALYSIS

v

i
i

FRCM WATER RESCURCES

CALIFORNIA' S

SELECT w5 o rom

o : __,,.‘I.}‘:.A_ \\}’ NO P

— " .

SUM W‘“IGHTED ‘LOSSES TO GIVE RISK l

ENCINEERS INC.

R

. FINISH: (\ CONSTRUCTTON COSTS. AND RISK' - /\



m 7L ow

SECTION - VIIT

PROCEDURE FOR SELECTION OF CULVERT

EXAMPLE - 1

STEP-1 The roadbed and slope lines have been dirawn and
drainage divides are shown by heavy dashed lines, but other

roadway details have been ommitted. (see fig 8.1

The drainage channels are indicated by short

lines with arrows to indicate direction of flow

STEP~7Z Measure the area draining towards culvert, crossing

at station 50 + 000.

The area can be measured either by dividing the
area into small sectors, and finding area of each sector
and adding together or by planimeter or other means available,

From Fig 8,1

Rolling Farm Land = 42 Acres

L W

(ft) x (ft)
Side Slopes = 1360 x 80 = 2.5 AC
Pavement = 1360 x 12 = 0,37 AC
Shoulder = 1360 x 8 = 0.2t AC

STEP-3 ESTIMATING RUNOIT

a) Compute Tc (Time of Concentration)

i) locate most remote point (longestic)
along the principal drainage line, above
the outlet at which flow is to be estimated.
from fig: (8.1)

Highest point elevation = 151,3 H
Outlet elevation = 9.2 ft
Difference = 53.1 ft
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STEP-U Find the length from this point to outlet (From

. L = 1950 ft' ° &

e gy o in . ton 6%,
Slope of Channel = Sifference in elevation . 58.1 . g3 feey/
. Tength L 1954 oot

STEP=5 Using Kirpich formula

0.77

0.0078 (1950277 x 0,0370¢38%

T
C

T
c

i1

il

10,67 Min = 11 minutes  “

This result'één also be-.achieved Eyusing nbmogﬁﬁﬁh“
shown in fig 4.3 -

(T_) also can be obtained from fig (8.2) soil

congervation service nomograph from fig (8.2) 3% slope

.V = 2.7 ft/sec 0L = 1950 ft
TCUEJ E%E% wE L7272 o séc = 12 min

Choose Tc = 12?2 minutes

NOTE: The values of TC from fig (4.3) aﬁé bééé&”dnfmeagre
data, and should be used when better information

are not available.

A minimum time of concentration of § minutes is
recommended for finding the intensity used for estimating the
design discharge. (More research is needed in this area to
study variety of water-sheds (Looationtand Sizésj in different
regions Qﬁ_ﬁ@kistam);

STEP-6 Assuming Rural Highway (2) shown in fig (8.1) passes
nearby town of chandpur, (assumed location) then ({25) =5
in/hr from fig (8.3), IDF for assumed town of chandpur, using
Tc = 12 minutes.

NOTE : Use frequency of 25 years for Rural Highway.
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STEP-7 Find Weighted 'C! Runoff Cosefficient

Runoff-Co~efficient . Co R
Area B Value from Table CA

o

45 0
2,5 7 G
0.37 0.
0.25 0

e 13,50

a1

LB = .25
.__ EM":':'-; . -. = B 4.3 3
L = 0.13

CA . 15.28
| =+ 15
"STEP-8 Find Discharge
Using Rational Formula . Q = ¢ Ca
CA = 15 |

, ,}25 5 in/hr

bzl

Qs 15.% 5 = 75 cf's

Evaluate different sizes and kind of culverts and

make selection accofﬂiﬁg.to_the réQuiremgnt.

Tollow1ng are ThO recommendatlon}forLseléctioh?@f

C . .
'U‘).f EN

culverts and Qeadwater

1] T :
. Minimum size of culvert = 2%  Pipe -

- Maximum allowable headwater -
' 1 . e v
24 Pipe Trles X diametemrs

" - : R
30 . o Same- - '

M

36 or large = 1.0 x diametep

S IR - T EEE RN R
OR. Maximump allowables headwater 6 ‘below sub-grade elevation;

or whichever, is:gmeater,



Minimum cover over pipe 1.5 ft from top of

the pavement.

STEP-9 Federal Highway Administration. U.S. Department
of Transportation uses approximation to the theoritical
procedure described in previous section inorder to develop

design charts (included in Appendix 'A').

Using this charts find the appropriate size of the

culverts.

To determine headwater (HW), given Q, and size

and type of culvert, FOR INLET CONTROL .

Use charts 1 through 7 in appendex 'A' and follow

instructions.
For Cutlet Control Nomozraph

Use charts 8 through 14 in appendex 'A' and

follow instructions.

SEE EXAMPLE = 1
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IN FEET

HIGHT OF BOX (D)

BUREAU OF PUBLIC

-79- CHART
— 600
F oo 1 (2) (3)
—~ 400 5 2 BOX Q=75¢ts 7 —8 -
C Q/B = 15cfs /ft 6 -7 - 8
400  Inter HW Hw L 5 - 7
" feet 5 i s
[ (1) 175 3.5 - s
» (2} 180 3-8 . F |5
C 200 3 2:05% 441 C b &
3 2 " ny}
3 SN -
: - -3 :
[ i " - 3
B b 100 = B L
er al, [ s
- 80 - C
ﬁ B 3-":: ~2 |
- 60 Ty === #|— == .2
w - / A o L
[/ - -
G50 =L1s E [
zl a3 F e |
Zr—40 / o —1.5
QL xl | —15
g — 30 - S L
=F e i I
=3 i sl - -
5 210 | .
o b — F
T k.9 —1-0 1.0
- Angle of E N )
w . Wingwalt —_— =Fr
// % 10 Flare — wlg F? [
e é — 8 e «f - . -';a
= 3 :——_‘7
w |8 = L K
[« I & 2 L
o} HW e WINGWALL | .7 7
Ep6 O FLARE =T[5 I
oI t 30%t0 75* i
—? () 90%and15* S
i (3) o*lextensions 5 |
2 of sides}
- To use scale( 2}or(3) project — S —.5
- horizontally to scate(t) then
- use straight intlined line through = I L
.4 DondQscales of reverse as
- illustrated
-8 5 L |4
.. .30 Las Luas

ROADS JAN 1863

EXAMPLE - 1

HEADWATER DEPTH
FOR BOX CULVERTS

WITH INLET CONTROL

"
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IN CFS

DISCHARGE (Q}

CHART 8
— 5000
—4 000
E. 00 ‘ —
- 30 _ . Th
- HW
[ 2000 ’ ho
g 4 ‘Slopt So—e"
— SUBMERGED OUTLEY CULVERT FLOWING FULL
- HW+He¢ ho-L So
= . For outlet crown not submerged ; compute HW by
L yo00  12%%2 methods described in the design procedure. N
- &
- 800 40x10 +-100 C 6
n . ™
C 600 . OXIT-80 L,
~500 ﬂ 8x8 ‘60 % < -
00 = 7450 @ 4 A [ 10
— x e
3 & F4 e§q o ,& L
= ,,, W0 Z ' -
-300 & 6 -
u g e
% e
3 g z[
0 5.-,' ~F s
S = N fut 1
z 0 =
3 B ‘ o % 3‘ [
2 & x5
w g )*‘ o ™
-3 o - 6
=1 8 g _F
50 ‘2-5;(2-5 _ 95 : ___EXAMPLE . —— .73 - 8
- o nap——— :'
_‘o_ﬂ.‘- e ;:*/ 10
- 2227 :
—~30 [
;20 g ~ 20
- —
- 2
- =z
&
ol :
b~ § O =i
=F ]
~6
— §
HEAD FOR
CONCRETE BOX CULVERTS .
FLOWING FULL
n=0.012
2 .
L |1 = 210 0-015 } = 328
: 0-012 o ¢

EXAMPLE - |
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Chart 15
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EXAMPLE -1







DIAMETER OF CULVERT (D) IN

INCHES
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REVISED MAY 1964

EXAMPLE -1
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CHART 2
10 000 .

— 8 000 EXAMPLE (1) (2) (3)
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~ 6 000 Q=120 cfs - — 6.
-5 000 — s F
i D feet - . L
- 3 000 m 2.5 88 —5. F — .
L 2 2. 74 3 - -
- 2000 (3 22 7.7 b
2 ) in teet [ - 3
- 1000 o [
— 800 - --—h_ .
B .4 Wil S Y
= 500 / [m] " o 5

e . 2 .
-~ 400 2 i
: ¥ el I - A
£~ 300 (’/ @ | —1.5 | 15
E P L b L
~~ 200 1.5
3 w
It z| I -
t/ <
1 or i B
-~ 100 Zz R
= 80 - -

— L
- 6 a. 1.0 L_1.0
- 50 Hw ENTRANCE Q
w0 o ¢ TYPE — 10 -
- o | - .9 5
— 30 i squaf e with W |
: headwal 5.9
- (2) Groove end with L
3 20 headwall b - .8 .8
3 (3) Groove end s
- projecting - 2
= '0 -
[ 8 = .7 R
- 70 USE SCALE{2) OR(3] PROJECT . | °7
" 6 HORIZONYALLY TO SCALE(1) THEN L s
. 5 USE STRAIGHT INCLIND LINE THROUGH |
4 D AND Q SCALES , OR REVERSE AS
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HEADWATER DOEPTH FOR
CONCRETE PIPE CULVERTS
WITH INLET CONTROL
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CHART 9
1 .4
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U.S. DEPARTMENT TRANSPORTATION
NOMOGRAPHS _FOR _SELECTION™ OF
HIGHWAY CULVERTS#
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L YMET-CONTROL NOMOGRAPHS

Char “ 1 through 7

Instruct. s for Use

To determine headwater (h 1, given Q, and size and type of
culvert.

a.

C.

Connect with a straigl edge the given culvert diameter
or height (D) and the .ischarge Q, or {§ for box culverts;.
_ 3 .

mark intersecticn of traightedge on IW scale marked (1).

If Eﬂ-scale marked ( ) represents entrance type used,

read 'HW on scale (l). If another of the three entrance
5

types listed on the nomograph is used, extend the point

of intersection in (a) horizontally to scale (2) or (3)

and read HW .

' D

Compute HW by multiplying %ﬂ— by D.

To determine discharge(Q) per barrel, given HW, and size.
and type of culvert,

.,

b L

Compute %E;-for given conditions,

Locate Eﬂ—on.scal& for appropriate entrance type. If
gcale (9) or (3) is used, extend HW point horizontally
to scale (1). b

Connect point on iy scale (1) as found in (b) above and
the size of culvert on the left scale. Read . { or Q on
the discharge scale. B

If Q is read in {¢) multiply by B (span of box culvert)
B .

to find Q.

To determine culvert size, given Q, allowable HW and type of
culvert. T H

&,
b-

Using a trail size, compute D

Locate HW on scale for appropriate entrance type. If

scale (2)7 or (3) is used, extend HW point heorizontally
to scale (1). o

11
Connect point on © scale (1) as found in (») above to
given discharge and read diameter,height cor size of
culvert required for HW value.

D

If D is not that o¢riginally assumed, repeat procedure
with a new D,

5-19







HEIGHT OF BOX (D) IN FEET

-4

-3

RATIO OF DISCHARGE TO WICTH (Q/81 IN CFS PER FOOT

- 90~

CHART 1
800 .
500 (1) (2 (I
) .EXAMPLE ~ 8 -9 — 10
400 532Box Q= 75chs 7 I8 -
Q/8 = 1Scts/tt . F7 ¢
i HW  HW — -
3.00 Iniet D feet [ - 6 7
175 35 _ s [8
(3}  2.05 & — =L I -
:-.3 [ C
- - 3 :
L X - 5
100 i C r
80 _ =2 _L___-
60 ) SN LN I
50 / ,?I_':.|.5 [ X
L0 " ~1.5 I
/ =4 R 1.5
20 B 2 N
A @*’y £ ot
20 yd H i A
/ vy 1.0
Zr i r
e S N S
10 flare — . .8‘ b g f=.g
- =
8 / &
D_.-',’ b .8 b .8
] o - L
5 X
tn o 75° ¥ i
3 (2 90%nd15° 3
(3 0° (extensions 1~ .5 1
2 of srdes } i
To use scale (2)or(3) projsct i -8 5
horizontally toscale(]),then
use straight inclined Lline through | .
Dond( scales, or reverse as
b itlustrated
8 s Y )
-6
.s L. .30 - .35 " '35

HEADWATER DEPTH
FOR BOX CULVERTS
WITH INLET CONTROL







DIAMEYER OF CULVERT (D) IN INCHES

~ 180
[ 180

158
[ 144
L 132

— 120

}108

- 96

- 84

72

— 36
= 33
= 30

.27
- 24
b 21

- 18

- 12

\

\

HEADWATER SCALES 203
REVISED MAY 1964

1.0

- 91 .

10,000
- 8,000 EXAMPLE
C 5,000 © D 42nches (3.5 feet)
" & 000 G = 120cfs
7

~4,000 HW*  HW
- 3.000 D feet
e (1) 2.5 8.8
X ' {2y 2.4 74
2,000 19 22 19
C D in feet
— 1,000
[ a00
- 600
- 500
- 400 o ~
N oS

o E 200 -

O /

z

= :/

oL oo

Wl a0

5 ol

ZF

w L - ENTRANCE

akeo ""“B SCALE IYPE
- 30 (1) Square edge with
s headwalt
— 20 {2) Groove end with
3 hzadwalt
3 t3) Groove end
: projecting
= 10
- 8
- 6 To use scales{2) or {3 } project
—~ 9 horlzontatly to scale (1 ), then
¢ use straight inctined line through -
- D ard Q scales or reverse as
3 illustrated
- 2

CHART 2
(1)  (2) (3)
6.

o 5.
—~ 5.
[-6. = 5.
L s g
5. - "-lo.
N TV X
- — 3,
- N —~ 3.
[ 3 [ -
’——‘--—-—0--
/d =3
-F2 F [
o} L,
[ 15 |
=7 b 1.5
w 15
f+ 4 e 5
X1
-
w L - -
-3
g
o p ~ -
z
E_ - 1.0 1.0
& L
W t-y.0 S
= - .9
,3:_-' - .Q
— .9
g -
3 -
% 8 — .8 - 8
. .7
— =
.6 -6 — -6
Ls % L

HEADWATER DEPTH FOR

CONCRETE PIPE CULVERTS
WITH

INLET CONTROL







SIZE {SPANx RISE) OF OVAL PIPE IN INCHES

-92 -
CHART 3
=151 % §7 '
EXAMPLE
3000 Size 76'x 48"
136 x 87 :_2000 Q =300cfs (2) (3’
I ] Hwt HW 4.0
- {feet) (1) 5 4.0
=12 x 77 - {1) 2.8 #Ha2 . =
e 00 (2’ 2.2 3'8 r—ln.o :"3-0 3.0
- 113 %72 -10 (3) 2.3 92 B . [
- 800 *D infeet - -
- 106 X 68 [ = ¢ 8 =X T [
- 600 - - ~ 2.0
- 98x 63 L 500 &€ — [ - - 2.0
[ pMPL L -
Li00 €2 - -
- 01x 58 L - F2:0 ¢ i
— .‘1’00 N _'_—"5 L 1.5
- B3Ik 53 — L ~E
/ - o —1.5 -
——— 5'200 - L -
5% 48 g To use scalel2}or [3) = | - L
. T
- draw a straight line =1
wl through known values brd " o
- 68x 43 wl go of size and discharge zF
Cr to intersect scalel1) g F1.0 =10
2 80  From point on scate{1) ol10 L i
[ project horizontally to wl
- 60x38 ob 89 solution on either scale z —8 9
—F50 {2) orf3) are oL -
Wkso ) -8 -8
53 N34 2L -4
<i 30 = 8 X =
- 49%32 Tt &t
vl u 7 —-7 -7
L 45 x29 SF20 x i I
2 HW /D ENTRANCE T .
- 42227 F SCALE TYPE 3 6 .6 =
. ap-.
- 10 (1) Square edge with <
= 38x24 i headwall T - -
B {2) Groove c::d with
- 6 headwa W -
-5 {3) Grove end *
;4 prajecting
fa0x19 4 -
:-2 - b 4, e .,
L 23514 ~1:0
HEADWATER DEPTH FOR
OVAL CONCRETE PIPE CULVERIS
' LONG AXIS HORIZONTAL
WITH INLEY CONTROL
t







HES

SIZE (SPANXRISE )} OF QOVAL PIPE IN INC

'—97:( 151

~ 87 x 136

= 77%121
- 72x 113

~ 60 X106

~ 53 x 98

= 58x 91

- 531X 83

— 4Bx 76

~ 43x 68 -
—
—

/
<38 %60

~34x 53

~32% 49

DISCHARGE(Q) IN CFs \

— 29X 45

- 27% 42

= 24% 36

~19%x30

~14x23

-83 .

5000
- 4000 EXAMPLE (2)
- 3000 Size : 38'x 607 g (3)
] Q= 200 efs m F g
- 2000 - HWE  Hw 5 ks
F D (feet) [ 6 - 4 -
3 (t) 2.6 .13.0 ~5  F &
- {20 2.0 100 - 5 -
-1000  (3) 2.1 105 LS =3
~ 800 ¥ Din feet N 3 = r
— 600 o 2 - ]
. -2

500 il . -

- - N -
- 400 \h?\,ﬁ/ - 2 - B
- e _F 15—
300 _¥ oF R 15
u g L
F_ zhis [ i
£ 200 Touse scale(2)or{3) Ir L
F - draw astraight tine wr i
n through known values “utL L 1
x of size and discharge o
N to intersect scale ({1}, i
~10 L =~ 1.0 ~1
B 100 From pomnt on scalell) o 1.0 N i 10
~ 80 project horizontally to wl -
"+ solution on erther scale Z| 4 ) -9
- 60 [2)or(3) i i i [
— 50 - .8 .8
L. 40 Z8 [ B
— 30 ! =7 -7
F HW/ D ENTRANCE &7
[, SCALE TYPE oy ] )
- (N Square edge with i ) .6
e headwall -6
C (2)  Groove endwith 2 : :
o 10 hedadwall <
L 18]
L. 8 {3) Groove end = 5 .5 - .5
R projecting '
-6 ;
-5 }
3
- .. 4 .y . 4
3
-2
1.0

HEADWATER DEPTH FOR

OVAL CONCRETE PIPE CULVERTS

LONG AXIS VERTICAL
WITH INLET CONTROL







STANDARD C. M.

DIAMETER OF CULVERTID) IN INCHES

—180
- 168

—- 155
=144
—~ 132

~ 120
- 108

~ 96

~ B4
— 72
— 60

r- 54

~ 48

b2

24

—-18

—12

- 94 -

CHART 5
10,000
8,000 EXAMPLE (1)
6,000 D= 36inches (3- 0 feet) (2)
5000 Q= 66cfs e (3)
4,000 . 5 §
HW" KW S e
3 3,000 D (feet) 5 5
g N AT S ! =
o 2,000 {2} 24 6-3 L - 5,
3 (3) 22 6.6 - C 4 L
J E‘ *Dn feet -3 u 4.
g = 1,000 - L3, F
g - 800 i -
= 600 I A I
% - 601 ~2. T -
- 500 i i -
400 ety S B
- At N 2,
- 300 ~ o . u
or % -15 F [
o E200 *v\ﬁ—/ ol - .
zE 22 g [ e
of ~ ! L i
o Ewoe -~ z - -
o - 80 af :
< > 3
- 60 = L
~ aFso e ko
. Q ) -
~ - 40 & L 1.
=30 HW ., g ENTRANCE <Y Y
: D TYPE w - L 4
=20 § '
= “) Hlﬂdwull a s .8 - 'B B
- (2) Mitered to conform <
- to slope i L - .8
510 {3) Projecting
.y 7 - .7
C s i - .7
[ 5 Touse scale{2)or(3)project i
. horizontally to scale{! ,then -
[ use straight inclined line through ~ .6 L &
3 DandQ scales, or reverse as
F iltustrated ~ .6
F A
s .5 -.5
40 ~ .5
HEADWATER DEPTH FOR

C M PIPE CULVERTS

WITH

INLET CONTROL
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CHART 6
-5 000
:lé-?!ld-r .-LO.UO- “Z
E ' [ _ -
E15-4"x 93" 3 000 EXAMPLE (2)
[ - Size = 36% 22" -4 (3)
[ r Q = 20¢cfs L 4 i 4
m*i 12210 8- & F2000 -
290 3 HW*  Hw - - 3
Sw b oL oe F 0 (feet) - - 3
“E .-"-5"1-3 L+ 000 1y 10 2.0 o e s
I - (2) 146 24 5 - i
Zz i - 800 .22 2.2 " »
o F ot oW, ! g 3 {3y 1 [ i
G m -9-6x6-% . 600 - [ L. 2
] C . 8 O infeet 3 - 2
26 I - 500 3 A -
22 [g.2ste f 1. - 5
o E -8-2'x 5-9 - 4 00 - 5 r g
[ - 300 ! =15 Lqs
- 7" 0" 8% 1 [ -
=} - 200 .
X g-s‘-l"x &7 3 PP s ki |
w ﬁ /_ i T
<+ TRIEx4d z_—uoo . S ot : ’
4 zL - 1 n
Sk 65 40" —F°° \h?\'/ 2% ks |
of 2 60 D 1 S
w -50 w
Wi s8"x 36 of e als [g |
= er40 o
o i / Tl i | .
o Sk -~ o
Zhsox " o 2l ., i
e aL.~ zr: - .7
- A yw ENTRANCE -t =
@1 3" 27 E Tp SCALE TYPE z
» [ {1 Headwali x|
/ L 10 . i 6 .5
3 7 - {2) Mitered to conform L6
f; g/ " - - B to slope a
367x 22 [ (3) Projecting & -
g 6 5 -
8 -5 z
Z L, Touse scaie {2) or(3) project ST -5 Ls L
v bage® horizontally to scale (1).then o
r 3 use straight inclined line through
: D and Q scales, or reverse as -
- 25"% 16" L2 itlustrated - -
-
[ LI PR '
L 22" 43" i o 3 ]
1.0
3 H t
.8
i .35
I Lygew -_': | 35 |
ADDITIONAL SIZES NOT DiMENSIONED ARE HEADWATER DEPTH FOR
LISTED IN FABRICATORS CATALOG C. M. PIPE-ARCH CULVERTS

WITH INLET CONTROL







NAMETER OF CULVERT (D) IN INCHES

—-18 0
[ 160
156
144

—-132
-120

-108
- S6

~84

72

- 60
-S54

~ 48

- 42

- 36
- 33

e 7

30
27

~ 24
- 21

- 15

-12

\

DISCHARGE (Q) IN CFS

b a c d- | Entrance
D (I D1 D Q type
0.042 |0.063]0.04270.063| A
0-083 {0126 10-042{0126] B
BEVELLED RING
3000 MINIMUM 300"
2000 €
E a
1000, DIAMETER=D
- 800
- 600
=500
;GOO
E 100
- 200
- 100
- 80
- 60
L 50
40
- 30 E.‘M\,-_E_—- -
E"2 0
10
- 8
- 6
o )
L &
- 3
- 2
L 1.0

Chart 7
A a8
_—3.5 - 3.0
:'3-0 i

TURNING LINE

4
|

+HEADWATER DEPTH IN DIAMETERS (H' /D)

_1.0 ~1:0
L s _Xr9
g L .8
.7 ~ 7
—-.52 —-.52

HEADWATER DEPTH FOR
CIRCULAR PIPE CULVERTS

WITH BEVELED RING
INLET CONTROL
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QUTLET-CONTROL NOMOGRAPHS

Charts 8 tnrousgh 14
Instructions for. . Use

Outlet control nomographs solve equation 2, p.b-t, for head
H the culvert barrel flows full for its entire length, They
are used to determine head H for some part-full flow
conditions with a control. These nomographs do not give a
complete solution for kp headwater HW, since they only give

- H in equation 3, HW- h'—La -discussion for “Culverts

] "3?F10w1ng w1th Outlet Control" P 5«0 )

determjne huad H for a given: culvert and discharge Q.

 Hosdte appropriate nomograph For.type of culvert selected.

Find K, for entrance type in Appendix B, Table 1, p.5-Uu49.

Begin nomograph solution by locating starting point on length
‘scale. To locate the proper starting point on: the length
scales follow instruction below:

SR

;ﬂ;)iﬁlf the n value of the nomograph correuponds to thaf of

wr o the culvert be ing used select the length curve for the
proper k_ and locate the Qtdrtlng point at theigiven
culvert “length. If a k_ curve is not shown’ £67 the
-selected k_, see (2) belGw. If the n value for the
culvert . selected differs from that of thL nomograph
see (3) below.

(2) For the n of the vomograph and a k intermediate between
AL Tithe 'séales glven,‘connect the given length ‘on adjacent
. scales by a straight line and select a 901nL on this
iR Ting spaced between the two chart scales 1n proportlon
“to thé k values: BRI : LT

(3)" For a different roughness coefficient n, than that of
- - the chart n, use the length scales show%fw1th an

adjusted length L calculated by the formule

l)
e I
1
n
L JUR

Using a straightedge, connect point on length scale to slze
of culvert barrel and mark the point of crossing on the
"turning line", See instruction 3 below for size consider-
ations for rectangular box culvert.

Sae instruction 2?2 for n values.

o
i
=

o

Pivot the straightedgze on this point on the turning line and
connect given discharge rate., Read head in feet on the
head (H) scale.  For vaiueés beyond the llmlt of the chart
scalee, flnd He by solv1ﬁ equatlon 2, p,5-6, R

1




~ 938 o

2, Values of n for commonly used culvert matenials, ‘ 

Concrete
FPipe Boxes =
6.012 - 0,012

! ""-i‘ i~ - e ‘ éi@'rl‘l?u'ga.téd Metal: & o 1o -a

| Hf;\,,g;iwii_Sﬁﬁll o Medium. Q‘“quge
LT e fJprrnqgations' - Coriugations +Lorrugations
O R O o7 < L 7 A (37 s o2y eMx 2)

Unpaved _ -.0;024 ; ISR ¥O.Q2?S dr;:“w-V§yieS*
25% paved 0821 - 0.023 0.026

CFully paved: ¢ .o.0120 . 0.012 7 0,012

qu*Variation‘ih§n with diameter shown on charts. Tﬁé various
n-:values have been in¢orporated into' the ‘nomographs . and no
adjustment for culvert” length is reqiired:as instructed in
1b(3)}, -8 R S S AR

S;Tgiﬁée-the:boxculvert'hbmograph,'Chartf8§'fdr ful1-fiow for
- other ﬁhan'équarg_boxgg, e - R
-}iamﬁtcomﬁdfé Qrpgé&gectipﬁgl‘aréafof the recténgﬁiar box.

... b, Connect proper noint (gsee instruction l)ﬁoﬁkiength scale
77 to barrel area 3/andimark point. on turning line.

.ﬂ.L“PiVQtzthecStﬁaightedgeJéﬁ-thiéﬁﬁgint on the”turning line
Y and connect given diSChaﬁgefpate. Read head 'in feet on
the head (II) scale. ' o T

FEFO ) ) LR EEAR ‘ e

3/ The area scale”on the nomograph is calculated for baprel
_ cross- sections with:spahﬁﬁftwiCe:the'height D; its close.
correspondence with area:.of. square boxes assures it may be used .
for all sections ‘intermediate between square and b = 2D or
Bz 1/2D. For;other,box,ppoﬁortiQnS'use'equafidn_Z'TOP'mOre
dccurate results, - e c - - Co )

- 5L7¢
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CHART 6

VAN
= HW ——- ho
b SLOPE So — e
SUBMERGED OUTLET CULVERT FLOWING FULL
HW+H+ ho+ L So
12212 For outlet crown not submerged compute Hwby —1
7 methods described in the design procedure -
—.5
10%10 - 100 [ 6
9xg ~ 80 B
8 g -
b 8L g -
w i w —10
W IXT450 & 5
= i S =
= 40 O oF
% 6x6 b wi-
o - 30 5 zE ,
13 . -~
5 Sx§ . g =k
> g
— 20 [
& 3 3 qE3
., dx - 3 w
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z 10 o L
W A3 w - 6
; -8 © o
[a] [ ] —— 8
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- S ——— 10
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=
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HEAD FOR
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FLOWING FULL
n=0.-012







INCFS

DISCHARGE (@)

2000

- 1000
. 800
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DIAMETER (D) IN\INCHES

TURNING

~120
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-
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- 36
-33
~30

- 27
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= 21

=16

- 12

LINE

-100 -

/ \ b
HW e o ho 4
Slope Sp—- -
SUBMERGED QUTLET CULVERT FLOWING 5
© HW=H s+ holSo i
For outlet crown not subm:rge.d, compute HW by — 6
methods described in the design procedure |
~ 8
W
22110
2
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wil
L
ZL 3
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a4
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=
5
— 5
-8
C 3
= 10:
L 20

HEAD FOR
CONCRETE PIPE CULVERTS
\ FLOWING FULL
n=0.012







DISCHARGE (@)} IN CFS
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CHART 10

E HW . 3"
—> h

0
. -0-4
, Slopeso —» VoA AR

Submerged outlet culvert flowing full 0.5

HW+H+ho -L S0 ,
For outlet crown not submerged, compute HW by ~0'5
methods described inthe design procedure 0.9
- 0.8
-0-9
1.0

HEAD(H]} IN FEET

— L
4
-5
NOTE N "
DIMENSIONS ON SIZE SCALE ARE 2o
ORDERED FOR tONG AXIS HORIZONTAL -7
INSTALLATION. THEY SHOULD BE [ g
REVERSED FOR LONG AXIS VERTICAL F
F10
~20

HEAD FOR
OVAL CONCRETE PIPE CULVERTS
LONG AXIS HORIZONTAL OR VERTICAL
FLOWING FULL
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DISCHARGE (Q) IN CFs
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CHART 13

| o
Slope B0 —s  SWEpESA A L
SUBMERGED OUTLE CULVERT FLOWING BULL i
HW+He+h-LSo o
For outlet crown not submerged compule HW by i
methods described i the design procedurs i
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- 3
L
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L
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EE ¢
-
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- 10
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20
L 30
n L
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HEAD FOR
STRUCTURAL PLATE
CORR. METAL PIPE CULVERTS
FLOWING FULL
=0.0328 TO 0.0302







DISCHARGE (@) IN CFs

- 3000
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~ 2000

i ~16.6x 101
L- 1000 |

[ ~F153y 92
- W

- 800 F
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— 600 5:
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L. 100

- 50

TURNING
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CHART
HwW = f e
—_— ho =
I o LSRR L

Slope S0 we

SUBMERGED OUTLET CULVERY FLOWING FULL
HW+H+ho-LSo

Eor outlet crown not submerged, compute HW by

methods described inthe design procedure

<
&
o o %
3 o
0. v}
w
o, 9 =
< z
fo ]
<
1]
h= 3

0‘;.\
jy EXAMPLE
Q= 260 CFS H=6-1FF

Size n
8.1x4-6 0.0327
8.1x5:8 0 032)

w W-4x7-2 0-0315

s 16-6x101  0-0306

HEAD FOR
STRUCTURAL PLATE
CORRUGATED METAL
PIPE ARCH CULVERTS
18 IN. CORNER RADIUS

FLOWING FULL
n=0.0327 TO 0.0306

14

16

20
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CHART 17
3.4
/""—‘/
3.0 /
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CRITICAL DEPTH- dc~ FEET
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CHART 18
s }
T ==
I
4 P e e
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