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GUIDELINES ON URBAN DRAINAGE

BACKGROUND

0.1. The DrainageCommittee (H-4) was constitutedby the indian
RoadsCongress to look into various aspectsof the DrainageSystem. The
newly constituted Committee decidedto prepare Guidelines/Manual on
Road Drainage, Airfield PavementDrainage, Urban Road Drainage and
Cross Drainage Works. During the flrst meeting of the Committee
(Personnel given below), held on 18.10.94,the Committee constituted a
Subgroup headedby Shri H.K. Srivastava asConvenorof the Subgroupto
prepareDraft Guidelines on Urban RoadDrainage.

DRAINAGE COMMITTEE (11-4)

S.C. Sharina
Kamlesh Ku mar

Convenor
Member-Secretary

MEMBERS

Dr. K.L. Bhanot
P.K. Nanda
P.1. Ran
SI. Patel
D,K. Rastogi
R.C.Gupta
iLK. Srivastava
XX. Gupta
U.C. Borthakur

DevendraSharma
Rep..of C,W.C.(RajeshKumar)
Rep.of MeeerologicalDeptt.

(B. Ray)
Rep. ofBRDS (S.K. Soni)
Rep. of’MCD (P.K. Jam)
TheDirector,HRS,Madras
Rep. Civil Eagg.

Deptt..liT, New Delhi

The draft prepared by ‘Convenor, Sub-group (members given
below) was discussedin variousmeetingsoftheDrainageCommittee. The
draftguidelinesfinalised by theConvenor,Sub-group incorporating all the
points discussed during the meetingswere submitted to theCo~venor,
DrainageCommittee (H-4) for further necessary action. The Drainage
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CommitteeauthorisedConvenorandMember-Secretaryduring its last
meeting held on 30.12.96 to send the draft Guidelines to Highway
Specifications& StandardsCommitteefor its approval. Accordingly, the
Convenor,DrainageCommittee had approvedthe draft Guidelineson
UrbanDrainageon 8.9.97for circulationto HSS Committee.

Shri U.K. Srivastava - Convenor
CE., CPWD

Shri K.K. Gupta - Member
EE, PWD, Haryana

Shri I).K. Gupta - Member
Rep.of IndiaMeterologicalDeptI.

Shri P.K. Jam - Member
CE.MCD.

The guidelineswerediscussedandapprovedby HSS Committee
in its meetingheld on 4.11.97, theExecutiveCommitteeandthe Council
in theirmeetingsheldon 18.4.98andon 22.5. 1998respectively.

1. INTRODUCTION

1.1. Theimportanceofadequateandefficientdrainagetothestructural
integrityof a roadi~well recognised.A drainageproblemis causedby an
excessof watereitheron thesurfaceof thepavementor belowthesurface
of thepavenlenl. Thustheroaddrainagefalls into two distinctcategories.

a) Surfacewaterrunoff- toremovewater fromareasof carriageway
or footpathwhereitspresencewould beharmfulordangerousto
usersor leadto deterioration.The flowing water hascapacity to
damagethe road while flowing down the shouldersand side
slopes. In this process,the water causeserosion and again
deposits the material causing siltation at other point, both
requiringprovisionofmeasuresto reducethedamageduetoeach.
If the road profile is notcorrectandconducivetoquickdrainage,
poo

1s of Water may form, weakeningthepavementcourseand
leadingto skidding,hydroplanningor splashingof water,which
isa nuisanceto othervehiclesandmay leadtoaccidents.

b) Subsoil Drainage- to sustainthe stability of pavementsupport
within designtolerances.In manyinstances,thesoil surfacemay
appeardry,althoughwaterloggedsoilbelowsubgrademay cause
seriousdamagetothe roadcrusL Thewatermay entersubgrade
fromgroundwaterandby infiltration ofsurfacewaterthroughthe
pavement,shoulderand verges. This water is required to be
collectedby subsurfacedrainagesystemswhichin turndischarge
into a drainagesystemclearof the roadforrtiation. Methods of

2
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investigationfor estimatingratesof surfacewater infiltration,
ground water levels and flows form an important part of the
engineeringof a drainagesystem. The study o pavement
drainage for both flexible and rigid pavementhas resulted in
conclusionthat theconstructionshouldbe treatedasa seriesof
permeablelayersandaddedprecautionsarenecessarytoprotect
thesubgrade.Useof selfdrainingmaterialsand introductionof
membrane hashelpedto control the migration of fine materials
from subgrade(pumping) - asrelativelysmallmigrationof fines
from subgradeintovoidsin the sub-basecanseriously reducethe
capacityofthe sub-basetoactasa lateraldrain.

1.2. The urbanroadsusually are in flat terrain. Urbamsationof the
area and intense densityof constructionneedswell planned drainage.
RoadsandHighwaysdo not havea distinctly separatedrainagesystem.
Waterfrom theroadjoinstheroadsidedrainthroughinletsor gratings.For
effectivedrainagethisshouldjoin theperipheraldrainswhichin turn should
join the main or trunkdrain forultimatedischargeto thenaturaldrain. It
would be necessaryto havedivision of urbanareainto drainagebasins.
Storm waterdrainage,thushasto takeinto accountalignments,levels on
groundandoutfall levels. Existingdrainspassthroughhighly developed
andthickly populatedareas.As suchtheremaybeaproblemof availability
of land for increasingthe capacityof drainsfurther. Besides,thesedrains
shouldbe ableto caterto the increaseddischargedueto newcoloniesand
urbanisation.An importantaspectof suchdrainisto ensurea goodvelocity
in thedrainnotonly whenthedrain is flowing full butalsowhen the drain
is partially full. Usuallysilt andothermaterialscollectin thebed in large
quantities. The design needto be made to ensure self cleaning velocity
duringdominantandleanflow conditionsalso.

1.3. In most of the urban areas,responsibility for design and
constructionof peripheralandtrunkdrainagesystemrestswithlocal bodies,
e.g. Municipal Corporation,while that of roadside drain with the road
construction agency like PWD. For an effective system proper
coordinationbetweenall concernedagenciesis amust.

1.4. Poordrainageresultsinto losses- direct andindirect in theform
of damagedroadsand reducedserviceability. In spiteof this, adequate
priority fordrainagesystemis rarelyaccorded,whetherit be in the matter
of planning,organisation,fund allocationor monitoring. Fundsrequired
for a drainagesystemare small as comparedto the developmentof
infrastructureand the recurring losses which the society and the
Governmenthave to suffer from year to year. It is necessarythat due
priority is given to this areaofdevelopmentandsatisfactoryarrangements
ensuredby wayof properdesignandplanning.

3
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1.5. Consideringthe importanceof drainage,the mc havealready
broughtout Guidelineson RoadDrainage(IRC - SpecialPublication42)
in 1994 which primarily dealswith guidelineson drainage of non-urban
(rural section)roads. Drainageof urbanroadsrequiresto dealwith many
different situation and parametersandassuchit was felt necessaryto bring
outdetailedguidelinesdealingwith drainageof urbanroads.

2. SCOPE

The guidelinescoveredunderthis publicationdealwith drainage
of Urbanroadsrunningthoughplainandrollingareas.Theaspectscovered
are influenceof roadfeatures,ground level, out fail level on the drainage
system, internal drainageof pavementstructure,drainageof subgrade,
stirfiice and subsurfacedrain!’s. Detailsof premonsoondrill for desiltingof
(rains,readinessor pumpingstationshavealso beengiven. Thedrainage
of rural ~ectionof roads,hill roads,airfield pavementsandcros.sdrainage
havenotbeencoveredundertheseguidelinessinceseparateguidelineson
thesesubjects haveeither beenpublishedor arebeingbroughtout.

3. ROAD DRAINAGE

3 Minimum LongitudinalGradient

For better internal drainageof pavementlayers, especiallyof
granularmaterial, a slightlongitudinal gradientis preferable.A minimum
longitudinal gradientof (13 per centis adequatefor satisfactorydrainage
(Ref. IRCSP:42).

3.2.. PavementCrossSlopWCamber

For quick dispersalof precipitationon the roadsurfaceit would
hUe. necessarythat waterhastotravel leastdistancethroughreasonablysteep
crossslope. However,from theconsiderationof comforttothetraffic, steep
crossslope is objectionable.As suchajudiciousbalanceis requiredto he.
kept between the two requirements. For urban roadshaving divided
carriagewaythe cantheris unidirectionalaway from the median. Typiczd
crosssectionis shownin Fig~..3.I & 3 l(a)&(h). In caseof superelevated
sections,eithergapin thecentralvergewith suitableadjustmentin the leve~s
of the two carriagewayor in extremecases,centraldrainagearrangement
is resortedto. Schematicarrangementis shown in Fi~.3.2 (c).
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300MM* t~WIQ 6

b) SCHEMATIC ARRANGEMENT OF CATCH PIT ANt

c)SCHE~IATIC ARRANGEMENT AT SUPPER ELEVATON THE DREtING IN THE
~DIAN S~.LD BE~VED).~Q~MWIDE SPACE~AT 2 10 3 M

U C~ED~NTQ-~~

~IPØ4UMbiA C~’ PIPE 4SOUM

d)SCHEMAT1C ARRANGEMENT AT SUPPER ELEVATION WITH CENTRAL
A RRANGEMENT

Fi~.3.2. SchematicArrangement for Water Collection and Disposal
(Contd.

ci)SCHEMAT1C ARRANGEMENT IN STRAIGHT REACH

FOOT PATh

IN LE’I CHAM8ER

ROAD LEVEL

COVERED DRAIN
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THE SRCING OF PIPE BELCY~ THE CARRIAGE WAY MARKED c~o
MAY BE BETWEEN 5M.1O 7M-

NOTE — THE SIZE AND SPMtG 1tIDICATED ABcWE ARE TYPICAL

AND C~JLD BE VARI EU AS PER LOCAL CONOITCH

Fig. 3.2. SchematicArrangementfor Water Collection and Disposal

When the roadis on gradient,the flow isgovernedby theresultant
slopeproducedby longitudinal andcrossslope. In suchcase,in orderthat
watertravelsthe leastdistanceon roadsurface(morethe distancemoreis
the quantityof sheetflow causinghydroplanning), the cambershouldbe
0.7 of the longitudinal gradientor the camber values specified in the
following tablefor a particularroadsurfacewhicheveris higher. in other
words, on steepgradientson long length of road, the cambershould he
increasedto get satisfactorydrainageconditions.

Specialcareis alsorequiredin detailingthe valley curvesso that
such locationsdo notcollectwater.

IRC:86 “GeometricDesignStandardsforUrbanRoadsin Plains
recommendsthecamberorcrossslopeon straightsectionsofroadsasgiven
in Table 3,1,

KERI3 STONE :ERB STONE

•) £ARTH WORK tN MEDIAN

7
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Table 3.1. Crossfall/cambervaluesfor differentroadsurfacetypes

SurfaceType Crossfall/Camber

Oravelkdor WUM .surftce 2.5 to 3 per cent

Thin bituminou,ssurfacing 2 to 2.5 per cent

High type bituminous
surfacing or cement
concrete surfacing 1.7 to 2 per cent

Note Higher valueofcambershouldbeadoptedin areas with high intensity of rainfall
and wherependingis expecteddueto~yreason. Steeper ciunber should alsobe
providedon kerbedpavementsto minimise the spreadof surfacewater.

3.3. ShouldersandFootpathDrainage

For shouldersalong unkerbed pavementthe crossfall shouldbe
atleast 0.5 percentsteeperthan that of thepavementsubjectto theminimum
values given below.

WliMsurface 3percent
Gravel surt’ace 4 percent
Earthsurface 5 percent

In addition, it is necessarythat shouldersare not higher than
adjoiningpavementsurfacefor quick drainage.

For paved footpaths a cross-fall of 3 to 4 per cent should be
adopted. For vergesandunpavedareascross-fallshould be 4to 6 percent.

Precipitationfrom theroadsurface flows towards outer edgeof
carriageway(exceptwhere central drainagearrangementhas been
provided)into keth channelwhere kerband footpathare provided. The
kerbchannelshouldbe 30 cm wide with smoothfinish andshouldhavea
minimumtransverseslopeof I in6. The longitudinalslopeofkerbchannel
is guidedby theroadgradient. In reacheswherethereis no longitudinal
gradientin the road, kerti channelshouldslope towardskerb inletsor bell
mouths.The kerbchanneldischargesits flow intopipesthroughbell mouth
(namedafter shape)which shouldbe 300 mmdia non pressureRCC pipe
placedunderfootpathatabout10-15m interval.Thesepipesdischargeinto
roadside drain. The spacingmay require to be adjusteddependingupon
the longitudinal gradientof the road. ReferFig. 53.

8
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3,4. Median Drainage

In urbanareasmediansare usuallylessthan5 in width andkerbed
except in caseswhere wider mediansare provided as part of future
widening. As suchmediansshouldbe~crownedwhereverpavedor turtèd
for drainageacrossthe pavement.Careshouldbe takenthat earthsurface
in the medianare notslopedtodrainon the roadas washedaway soil may
depositon roadpavementmaking it slippery andaccidentprone. Earih in
medianshouldbe 2.5cm belowthe kerb,

In locationswherecarriagewayis slopingtowardsthe median,as
may be thecasewhereroadis in curvature,thereare two alternativesfor
thedisposalof rainwater,

a) Wateris collectedin the manholeswithin the medianprovidedat
an distanceof about 15 m by giving a longitudinal slope in the
channeloneithersideof the manhole.Thewatercollectedin the
manholeis thentakento the main drainon the sideof the road
througha 450 mm dia RCC pipe acrossthe carriagewayon any
onesidedependingupon the sitecondition, Thecoveron the pipe
shouldbeatleast300mm,

hi Therain wateris collectedin the mediandrain throughinlets at
suitableinterval. At intervalsrain watercouldberemovedfrom
the‘medianthroughadrainorpipe acrossthe carriagewayto road
sidedrain. Typical arrangementis shownin Fig. 3.2(d).

The system(a) suffers from the disadvantagethat every IS m, a
450 mm diameterpipe drain is providedbelowthecarriageway.In system
(h), wherelargenumberof cattlecrossthe roadit would he preferableto
haveeitheracovereddrainora pipedraintoavoidanycattlegettingtrapped
in themediandrain. A 450mmdiapipeat 5 to 7 mspacingprovidedbelow
thc carriagewayis likely to getchokedvery often,

3.5. Drainage of High Embankment

In highembankmentsandapproachestobridges/overbridgeif the
wateris’’allowed to leavethecarriagewayat undefinedspots,it maycause
serious damagesto the embankmentand eventually underminesthe
pavement. In each location rain water is collectedin small manageable
quantitiesthrough longitudinal kerb channelandbroughtdown through
chuteswithoutdamage.Thechutesmaybelined withcementconcreteon
stable supportsandmaybe locatedat lOto 15m intervalsdependingupon
the rainfall andwidth of carriageway.Steppedoutfall maybeusedinplace
of chutes. Typical drainagearrangementand typical chute sectionsand
energydessipationbasinhavebeenshown inFig. 3.3. If thecollectedwater
haserosivepotential constructionof stepsor simpleenergy dessipation
structuresmay needto be provided. For protectionof slopesbetween
chutesRef. IRC:SP:42“Guidelineson RoadDrainage”.

9
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Fig. 33, Perspectiveview of standarddual carriagewaypavementwith
paved shoulder showing drainagearrangementfor collection
and flow of surfacewaterto natural ground level
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3.6. Longitudinal Gradient

The minimum longitudinal gradientis governedby drainage
consideration.On uncurbedpavementsnear level longitudinal gradients
may not he objectionable, when the pavementhas sufficient
crossfalllcamberto drain rain water laterally. But for better internal
drainageof pavementlayers, especiallyof granular material, a slight
longitudinal gradientis preferable. Also, in cut sectionsand mediansa
slight gradientis desirableto facilitate the removalof water,A minimum
longitudinal gradient of 0.3 per cent is considereddesirable in most
conditionsto securesatisfactorydrainage.

A minimumlongitudinalgradientof0.3percentis alsopreferable
to facilitate flow of water in side drains,with outletsprovidedat required
interval to restrictthedepthof drains.

4. STORM WATER DRAINAGE DESIGN

4.I. Thedesignof thedrainagesysteminvolves(i) calculatingthe total
dischargethat the systemwill requiretodrain off and (ii) fixing the slope
anddimensionsof thedrainto haveadequatecapacityto carrythedischarge
andafford propermaintenance,Thesetwo aspectsaredealtseparately.

4.2. The dischargeis dependentupon intensity and duration of
precipitationcharadteristicsof the areaandthe timerequiredforsuchflow
to reachthedrain, Thestormwaterflow for thispurposemaybedetermined
by using the rational method, hydrographmethod, rainfall run off
correlationstudies,digital computermodelsand empirical formulae, The
empiricalformulae that areavailablefor estimatingthestormwaterrun off
can be used only when comparableconditionsto those for which the
equationsarederived initially can be assured. Of thedifferent methods
available, the rational method is most commonly usedand servesthe
purposefor designof roadside drainssatisfactorily.

4.3. Any methodrequiresthat existingrain fall dataof theconcerned
areais analysedto permit a suitable forecast. Roadside drainsare not
designedfor thepeakflow ofrareoccurrencessuchasoncein 100 yearsor
50 years asis thecasewithdesignof importantstructuressuchasbridges
orweirs. However, it isnecessaryto providesufficientcapacityto prevent
too freqtienta flooding of the drainagearea. There may be somewater
accumulationon theroadswhentherainfall exceedsthedesignvaluewhich
has to be permitted.The frequencyof occurrencewhich canbe permitted
variesfrom placeto place,dependingupontheimportanceof theplaceand

II
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expectancyof the public. Flooding at any time, however,causes
inconveniencetopdoplebut they m.ayacceptit oncein a while cons.idering
the savings affected in drainagecosts.. The areassuch as important
junctions.areashavingbasement,substationsetc. shouldbe consideredas
importantareasandhigher frequencyof flooding shouldbe adoptedin the
design. Basedon thepracticebeingfollowed in metropolitancities in our
country and,cost considerationsin mind, it is recommendedthat a return
periodof I to 2 yearsbe adoptedin estimationof run off.

4.4. Time of concentration: It is the time requiredt’or the maximum
run oft’ rate to develop, It is equal to the time requiredfor a dropof water
to run from themostremotepointof the roadsurfaceto thepoint forwhich
therun off is beingestimated,Empirical formula(IRC:SP:13) mayheused
to determinethe timeof concentration:

= (0.87)1LY385

(14)

Where
L = time of concentrationin hours
L = Distanceof critical point to the drain in km
H = Fall in level from thecritical point to the drain level in meters.

Foracritical area,die timeofconcentrationis madeup of two components.
Thesecomponentsare inlet time i.e. the timerequiredtbr the rain water to
flow overthe roadsurfaceandenterthedrainatvariousinlets intothedrain
andthe time of flow, The timeof flow is the timerequiredforwatertoflow
throughthe drain from the startingpoint upto the critical section under
examination. It is to be rememberedthat flow time would be different lhr
different points in the drainagesystem. This is illustratedthrough an
example. Referring to Fig. 4.1, water from areaA entersthe drainage
systemat 2, andwater from areaB enters at 3. Thetime of concentration
in this caseis madeup of inlet time, which is concentrationfor areaA in
which the drainstartsandthetimeof flow in the drain from 2 to ,3. if the
inlet time is 5 minutes and the flow time is 3 minutes, the time of
concentrationat 3 is 8 minutes. Time of coneentrationfor waterat 4 to
reachinlet at 3 is 9 minutes. If the rainfall duration is less than 8 minutes,
not all of theareaA andB would becontributingbecausewaterfrom more
remotepointsof A fail to arriveto point 3.

4.4.1 Themethoddescribedabovecanbeusedforeachstormline tothe
outlet for arriving at the time of concentration. At every point under
consideration,thq inlet time at themost remoteendof thedrain is addedto
the total flow time in the drain, Inlet timeusedin actualpracticemay vary
from 5 to 10minutes.Experienceor inve.’tigationwillbe neededin arrivtng

12
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MOST REMOTE POINT[ FOR AREA IA*

Fig. 4.1. Time of concentration

at the propervalue,thoughthis factordecreasesin importnceastheareaor
the lengthof thedrainincreases,and inlet timebecomesasmall proportion
of the timeof concentration,

4.5. Rain fall intensity: It hasbeenobservedthat shorterthe duration
of critical rainfall, the greaterwould be the expectedaverageintensity
duringthat period. Forexample,duringa 30minuterainfall, some5 mi flute
period, or any periodless than 30 minutesin length,will havean average
rainfall intensity greaterthanthat of the wholestorm. Thecritical duration
of rainfall will be which producesmaximumrunoff. Thisdurationis equal
to the time of concentration,sinceshorterperiodsdo notallow thewhole
areato contributewater,and longerdurationwill give a smalleraverage
rainfall intensity. The problem, thus reducesto one of establishinga

___ L~

13



1RC:SP:50-1999

relationshipbetweentime of rainfall durationandprobableor expected
rainfall intensity. Forthedesignpurposehighintensitiesareof importance.

4.5.1 Currentpracticebeingfollowedin someof themetropolitancities
is asfollows:-

i) Bombay:

Therunoff coefficientadoptedin fully developedareais 1.0. In
less developedareasthe coefficientis workedout which may
rangebetween0.58 to 1.0. The critical intensity of rainfall is
considered50mmperhourandthe frequencyof the storm2 times
a year.

Thecriteria for designdepth is notto allow floodingover 15 cm

above(IL.

ii) Madras:

Theintensityofraint’alladoptedis 25mmperhour. Thisroughly
correspondsto rainfall intensity of 60 minutesduration with a
frequencyof I in 1.25years.

iii) Delhi:

The averagevalue of run off which is adoptedl’or different
categoryof drainsis asfollows:-

a) Internatdrains10, t77 rn’Vha~ I cftlacre
hI Interceptingdrains 32m’ iha) 0.7$ cusec(acre
c) Main drain(0.088in/ha) 0.5 cusec/acre

4.5.2. The above values have been worked out on following
assumptions.Rainfall intensity of 30 minutesdurationat the rateof 2.5’
(62.5 mm) perhour occursoncein two years. Time of concentration30
minutesandtheaveragerunoff coefficientadoptedis (L60.

This gives averagerun off for internal drainsas 0.088m3fha.
Consideringthat flooding of streetsfor an houror so may be allowedand
the drainsare designedfor a run off of I cusec/acre.

For interceptingdrains time of concentrationconsideredis 30
minutesandthe avera~crun off coefficientadoptedis 0.4. The averagerun
oft is takenas 0.13 m Thacusec/acreas againstcalculatedvalueof 0.177
m~(ha. in caseof main drains,time of concentrationconsideredis onehour
and the correspondingintensity of rainfall as 42 mm (1.65”) per hour
occurringoncein 2 years.. The averagerun off coefficientadoptedis 0.30
which gives run off of 0.5cusec/acre.

14
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4.5.3. Intensitiesto be expectedvary in different parts of the country.
l’hough therainfall gaugesinstalledby theMeteorologicalDepartmentand
otherGovernmentOrganisationsarenotnumerousenoughto give entirely
satisfactorydata,butsufficient information is availableto allow adoption
of rainfall intensity and the designer is not required to make guesses,’.
Smallercities that do nothavea rainfall gaugestationshouldinstall their
own gaugeandbeginaccumulatingrainfall recordsfor futureuse in design.
Whtk obtatningdita from the Indian MetrologtcalDepartment(IMP) tn
importantfactto be born in mind is that the processingof databy IMP is
mainly for arriving at the designflood of a specific returnperiod - usually
50 years.for lixing waterways, designHit etc.for importantstreamsand
the data is not readymade for the specific purposeof designof roads’ide
drains.

4.6. For theestimationof flood discharge,CentralWaterCommission
(CWC). jointly with Indian MeteorologicalDepartment(IMP), RDSO,
Ministry of RailwaysandMinistry of SurfaceTransporthascompiledvery
useful data,. The entire country has been divided into 26
hydrometeorologicaihomogeneoussubzonesascanbe seenin Fig. 4.2. 20
flood estimation reportscovering hydron-ieteorologicalstudies for 23
stibzoneshavealreadybeenpublished. The report includesthe detailed
rainfall studiesof variousstationshaving OrdinaryRainGauge(ORG) and
Self RecordingRain Gauge(SRRG) installedby the IMD and the State
Governments.In caseof ORG locations, the dataavailableis in terms of
daily rainfall i.e. highestone daystation rainfall (24 hoursrainfall ending
0830hrs’ of date)alongwithdateof occurrence,In caseof SRRGstations,
dataavailable,is theheavieststormrainfall in durationsof 24, 12,6, 3 & I
hour alongwith dateand time of occurrence,For someselectedlocations
datafor half an hourrainfall is also available. In locatinswhereonly 24
hourrainfall datais available,thesamecanheconvertedinto shortduration
rainfall I shortestduration 1 hour) by adopting conversionfactor in the
report. The conversion factor varies from zone to zone and the one
applicablel’or thedesignzoneshouldbeadopted.As anexample,thegraph
showingduration vs. ccnvertionratio applicable for WesternHitnai~yas
(zone-7) is rcprocluce.din Fig. 4.3. Dueto their specific r’quirement,the
dataavatiablewith CW(., IMP etc.. is limited to minimum periodof one
hour, whereas,for the design of stortnwater drains,dependingupon the
titnc of concentration,periodsmay be less than I hour,

4.7. ‘~h~bestpossibleestimationis possiblewherethe gaugerecords
at thc mit m~il of S 10 I 5 20 10 40 SO 60 and90 minutis it f, ts ul ihi
Methodusing sucha dat.a forobtainingintensityof rainfall fora particular
durationof anyduration is givenin AppendixA- /. Alternatively, onehour

15



lRC.~SP’.5O-I 999

Fig. 4.2.
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durationstormintensitymaybeconvertedinto anydurationintensityusing
the following formulaegiven in IRC:SP:13.

F (T÷I)
= .....Eqn.1

T 0÷1)

Where
= Intensityof rainfall within a shorterperiodof ‘t’ hourswithin a

storm.
F = Total rainfall in a storm in cm. falling in duration of stormot

T’ hours.
= Smallertime interval in hourswithin the stormdurationof

‘T’ hours.

4.7.1. It is. alsoaddedthat as perpracticebeing followed in most of the

metropolitan cities, the calculationof runoff is being carried out using
hourly rainfall intensity for a returnperiodof one to two years. This is
primarily for simplicity of calculations. However, for a large drainage
system,it is recommendedthat calculationsbe carriedouton the basisof
detailedanalysis’’asthe efforts maywith worth thesavingsin cost.

4.8. RationalFormula for Estimating Peak Run-Off Rates

For small watershedsnotexceeding50 km2, as is the usualcase
for urban drainage system, the Rational method is widely used for
estimatingthe peakrun-off rates, The formula is

O.O28PAIc ..... Eqn. 2

Where,

Q = Design peakrun off ratein cum/sec.
P = Coefficientof run-off for catchmentcharacteristics.
A = Area ol” catchmentin hectares.
fr = Critical intensityof’ rainfall in cmper hour for theselected

frequencyandthe duration.

4.8.1. The coefficientof run—off (F) is the portion of precipitationthat
make.sits way to thedrain, Its valuedependson alargenumberof factors
suchasperrtie.abilityof the.surface,type of groundcover,shapeand siie of
catchmentarea,the topography,the geology, initial stateof wetnessand
durationof storm, The valtie of ‘F’ commonlyadopte.dfor use.dinRatictnal
Formula is given in Table 4. 1

18
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Table 4.1 Values of Co-effIcient of Run-off

S’t.No. Descriptionof surface Coefficientof Run-off IPI

I. Watertightpavementsurface
(concreteor bitumen),steep
barerock. 0.90

2. Greenarea(Loamy) 0.30

3. Greenarea(Sandy) 0.20

4. Unpavedareaalongroads 0.30

5. Lawnsandparks 0.15

6. Flat built up areawith about60
percentareaimpervious 0.55

7. Moderatelysteepbuilt up areawith
about70percentareaimpervious 0.80

4.8.2. Ifanychangeis expe.ctedin the landusepatternin thecontributing
areaduring the life time of thedrainagesystem,considerationfor same
shouldalso be takenin thedesign. It is acommonpracticethat therun-oil
coefficient for thewholeareais derivedafterestimatingorasce.rtainingthe

proportionof thevarious’ surfacesto thewholearea.Soniccommonfigures
adopted for coefficientof run-off are given in Table4.2.. It is also to be
rememberedthat run-off coefficient tendsto becomelarger as rain fall
continuesdueto filling of depressionsin impervioussurfacesandsoaking
of the upperlayersof exposedsoil.

Table4.2. Co-efficientof Run-offfor VariousSurfaces

SINe. Descriptionof surt’ace Coefficientof Run off

1. Most denselybuilt up areas 0.7 to 0.9

2. For adjoiningareato built up areas 0,5 to 0.7

3. Residentialareas 0.25 to 0.5

4. Sub-urbanareaswith few building ft 10 to 0.25

19
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4.9. Hydraulic Design

4.9. i. Designof Drain Section

Capacity of the drain is normally designedusing Manning’s
l’ormul a

dischargein cuni/sec
Meanvelocity in rn/sec
Manning’sregositycoeflicient
Hydraulicmeanradiuswhich is areaof flow crosssectiondivided
by wettedperimeter.
Gradientof drainbed
Areaof tiow crosssectionin m2

4.~..2. The coefficient of regosity for various surfacesis given in
IRC ‘SP~42may be referred to. Some average values are, however,
indicatedin Table4.3 for generalguidance.

Table 4.3. Coefficient of regosity for type of surfaces

Type at’ surface - Valueol n

i) Brick pitcheddrain 0,017
ii I Plasteredbrick surface 0.015

iii) Plasteredbrick surfacewith
neat cement finish 0.013

iv) Concretepipesupto 600mmdia 0.015

v) -do- above600mmdia 0.013
vi) Dry rubblemasonary 0.033

vii) DressedashIersurface 0.015

viii) Dry stonepitching 0.020

ix) Kutcha drain 0,025

= A R213 S”2

and

V = l/nRV3SI’2

Where

Q=.
V=
o =

A =

20
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4.9.1 While decidingthedrain sectionsit is not sufficient that they are
sufficient to carry the required discharge. Following guidelinesare also
requiredto be kept in view,

a) Minimum and maximumvelocities

Minimum tn/Sec. Max. m/Sec.

i) internaldrain
(brick pitchedor
plastered) 0.45 1.5

ii) Interceptingandmain
drains(brick
pitchedor plastered) 0.75 1.5

iii) Pipedrain 0.75 1.8
(runningt’utl)

* To ensureselfcleaningof .the drain, a minimum velocity of 1.5 m per
secondmay be desirable. However, this may require installation of
concretedrainsor paveddrains.

h) Minimum freeboard

Drainsize Free board

ii Beyond 300 mm
bedwidth 10cm

ii) Beyond 3(X) mm& upto
900mmbedwidth 15 cm

iii) Beyond900mm& upto
1500mmbedwidth 30cm

For largerdrainsthefreeboardshalt be higherupto 90 cm depending
upon thedischarge.

c) Minimum sectionof drain

It should be possible to clean the drainsperiodically using a spade.
Accordingly, it is recommendedthatminimumwidth of adrain should
not he lessthan 250mm. In caseof pipesthe minimum diametershould
not be lessthan450mm.

21
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ci) Theeffectivesectionofthe drain carrying designdischargeshould be
consideredbelowthehell mouthpipe sothatthereisno backflow of
wateronto the road.

4.9.4. Channel shapes

The usualchannelshapesare:

i) Parabolic
ii) Trapezoidal
iii) Rectangular
iv) Triangularor V shaped

The. parabolicprofile is consideredto bethebestforhydraulichow
hut its, actual construction and maintenanceis difficult. TheV shaped
drain is not very popular in urban areasas its desilting is difficult. The
trapezoidalandrectangularsectionsareeasytoconstructandareconsidered
most suitable.In urbanareasall drainspassingthroughbuilt up areaand
ne.arto busstand,crossingetc. shouldpreferablybecoveredso that the
drainsarenot used as dust-bins. Even if thedrainscannotbecoveredin
the initial stagedue to economyreasonsprovisionshouldbe availablefor
covering it at a later stage. However, it shouldbe kept in mind that pipe
drainsare difficult todesilt andmaintain.(ChapterSmaybe seen).

4.9.5. Economical sections(for lined drains)

As far as possible,for obtainingeconomicalsectionsthe relation
betweenbed width and depthshallbe asfollows;

i) Rectangulardrain b= 2d
ii) Trapezoidal b = 0.82d(1:1 sideslope)

b= 1.244(1/2:1sideslope)

For main or trunk drainsthe side slopesshould be 1:1 or 1/2:1

dependingupon natureof soil and availability of land.

4.9.6. Cunetts and crossslopein bed

All main drainswider than 3 m shall be providedwith a central
cunelt for dry weatherflow. If the dry weatherflow can be estimatedit
should provide for the same. Some municipal authorities,basedon
experience,provide for 6to7 percentof peakflow, A crossslopeof 1 in
20 to I in 30 shall be providedin the bedtowardsthecentreof thecunnet.
Weepholesshallbeprovidedin thebedof all main drainswheretheheight
of wate.rtable is expectedto be abovethe bed level of thedrain.
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4.9.7. Siltpit

A silt pit shallbeconstructedatall theinletpointsofevery covered
drain and also provided with vertical grating in order to avert entry of
floating materialinto thedrain.

5. DRAINAGE SYSTEM AND APPURTENANCES

5.1 The rain water from the right of way of the road is ultimately
requiredto be transportedaway beforeit cancausenuisanceor damage.
The watercanbe transportedawayin any of thefollowing manner,

a) Overthe surface
b) In openchannels
c) In covereddrainsor pipes

5.1.1. Drainageoversurface

All surfacewateris initially drainedoverthe surfacebeforeit is
collected in the drainagesystem. The drainsare locatedalong roadside
andthe ‘wateris let intothedrainthroughgulleys,bell monthsorothersuch
waterentrances.

Minor roadsin residentialareasarenarrowandit may be difficult
to provideseparat.espacefor drains.. In suchcasesthewatercanbeallowed
to flow in the kerhchannel‘which canbe led intothemaindrainagesystem
wherethe minorstreetmeetsthe main road. Besidessaving in the cost of
drain, the wateris kept at higher level ‘which may helpeitherin reducing
the depthof drain at downstreamor providea bettergradientandreduce
silting andother maintenanceproblems. Anotheradvantageis that the
watertakeslongerto enterthedrain andreducesthepeakflow.

5.1.2. Drainagethroughopenchannel

Theopendrainalong theroadsidedefinitely havetobeawayfrom
the shouldersor the bermand requireadditionalspace.They areeasierto
maintainand allow removalof silt andothersolidseasily. Also, for .a given
crosssectionopendrainscan carrymuch largerdischargeparticularly in
flood conditionswhenthedrain is surcharged.However,opendrainshave
their inherentdisadvantageof beingusedasadust-bin, Due to thisreason
their hydrauliccapacityfor mostpartof theyearremainspoor.

5.1.3. Covereddrains or pipe

Covereddrains i.e. rectangulardrainswith cover slabs are free
from garbagedumping problems. Also, they can be located below the
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footpath or in extremecasesbelow the carriagewaywhere spaceis
restricted, Theclosedsystem,in manycases,is demandedby residentsof
the adjoiningarea. Pipe drainsalso havethe aboveadvantagesbut they
shouldbe usedfor small lengthsas cleaningof suchdrains is notpossible
by ordinary method and they needspecial equipments. Also, due to
minimum siz,e requirementandcushionrequirement,suchdrainstend to
becomedeepandincreasethe depthof drain atthedownstreamend.

5.2. Selecting the type of drain, cost should not be the only
consideration.Costof maintainingthesystemandrequirementof the area
shouldalsobeconsidered.Foreffectivedrainageandfacility of inspection
andmaintenanceit is desirableto haveopendrains. Fencingor boundary
wall maybe consideredto guardagainstthrowingof garbageandto avoid
accidents,Whenboundarywall is provided,careshall be taken to ensure
that wall doesnotobstructthesurfacedrainage.A drainalongtheboundary
wall with suitableinlets into the main drainis onesolution in suchcases.
Access’ to housesshould be provided by meansof properly designed
slabs/coverswheneversituationso warrants. Such access,if providedby
the residents,moreoftencreatesan hindranceto the freeflow. However,
keepingotherlimitationsof availability of land inUrbanAreas,possibility
of ingressof garbage,risk tothepopulationliving nearthedrain, it maybe
necessaryto havecovereddrains at certain places For the purposeof
desiltingremovable,slabs,preferablycastundercontrolledconditionsfor
durability,shouldbe provided, in caseof pipedrain,atjunctionpointsand
otherlocationssizeof manholeshouldbeadequatesoasto actas inspe.ction
chamberand facilitatepropercleaning.

5.3. It is veryessentialthat ultimatedisposalof the rain wateris into
oneof the following.

a) River system
b) Coastalwaters
cI Flood Plains
d) Undergroundstrata.

a) River System: Disposalof stormwaterinto river systemcanbe
consideredatlocationsif wateris notbeingtakenfor watersupply
from its down streamside. Dischargeof rain waterinto rivers
needsto be allowed providedthe environmentalconsiderations
aresatisfied.

hI In coastalareas,problems arising due to high tide shouldbe
clearlyunderstood.Similar would bethe casewhenthe ultimate
disdhargeis into theriversystem.In mostofsuchsystems,during
high floodssluicegates,whicharecontrolledby the FloodDeptt
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areclosedresulting in backflow, In suchcases,wheresucha
situation is likely to createcritical conditions during heavy
downpour,pumpingmayhavetoberesortedtowhichdischarges
aboveNFL.

ci Possibility of dcmarcatingsomelow lying areaswheresurplus
waterfrom thedrainscanbetemporarilyallowedto impoundfor
sometime may exist. Such systemsshallbe well designednot
only forentryof the stormwaterbut alsoexit of thestormwater
after the stormis over andthe drainsare no longerdischarging
their peakflows. Desittingof such pondsan.d maintainingof the
environmentshall bewell designed.

cli ‘UndergroundStrata: In casesof road passingthrough the built
up areasdrainageof. .storm waterinto undergrottndpermeable
stratahas beentried, Such disposalof rainwatermay not be
acceptablein situationswhere such discharge is likely to
contaminatethe subsurfacewater. Arrangementfor underground
drainagesystemis given in Fig. 8.1. Thisdrainagesystemmay
thereforebe usedcautiously. A briefdescr’ptonof improving
storm water drainagein built-up areasusing vertical drains is
given in AppendirA-2.

.5.4. GeneralConsiderationsin Designof StormWaterDrain:

a) ‘Drainsshouldbe plannedtaking into considerationthe ground
levels,slope of the ground,valley andridgesand alsothe land
usesplannedfor urbandevelopment.

hi Drains should be planned to get good longitudinal slope,
consideringthe natureof soil andsubsoilwaterlevel. Drainage
of largeareacanbe.. betterachievedby subdividing it into small
grids to avoid a long main drain. Aim shouldbe to get a high
velocity for the dominantflow,

ci Efticiency in maintenanceof drainage systemshould be an
importantconsiderationin selectingthe size, (coveredor open)
shapeandthe location. Thespecifica;ionof thedrainshouldalso
aim at preventingthe possibilityof ingressof other extraneous
materials,debris, rubbish, vegetationetc. where gratings are
providedon drains,theyshouldbesolocatedastoattractattention
of maintenancestaff, easytoapproachinspectandclean it.

dl An attemptshallbemadein the designtoprovidehigherstarting
and higher outfall bed levels in drains. A free outfall shall be
attemptedasfar aspossible.

e) Designof the main drain shallbeso madeasto allow useofthe
normal methodsfor desiltingoperation.
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5.5. Manholes

5.5.1. Ordinary Manholes

A manhole is an opening constructed on thealignmentof acovered
or pipe drain for facilitating a person access to it for the purpose of
inspection,testing,cleaningand removalof obstructionsfrom the drain.

5.5.2. Spacing

Thespacingof manholesdependsuponthenatureof drainandthe
cleaningdevice liklely to be used. Generallymanholesin straight reaches’
are at a spacingof 10 to 20m.

Manholesare also providedat the start, junctions, at points’ of
change.of alignment andat pointsof changeof gradient. Whentwin or
multiple box/pipe sectionsare used~separatemanhole‘for eachconduit
shouldheprovided.

Manholesare generally circular, squareor rectangularin shape.
Theinsidedimensionshouldbeadequateto permit inspectionandcleahing
o.perationwithoutdifficulty. A minimuminsidedimensionof 120 cm x 90
em is sufficient. In caseof shallow manholes upto depth of 1.40 rn,
minimum allowablewidth couldbereducedto 75 cm.

Theopeningfor entry into themanholeshouldnotbelessthan 50
cmclear.A circularopeningis generallypreferred.

5.5.3. Cover and Frame

Precastconcrete manhole covers and frames are preferable
comparedto castiron covers andframes astheseareless prone to theft.
Now in many cities factory madefibre reinforcedcovers and frames:’ are
availablewhich canbe used.Theyare availablein following grades:

a) LD-2.5 - Suitablefor usewith pedestrianload and occasionally
LMV traffic. Canbe usedwhereno vehiculartraffic is involved.

b) MD-lU. Theseare suitable tbr use in service lanes/roads,car
parkingareasetc.

c) MD-20. Theseare suitable for use in carriagewayswith heavy
dutyvehiculartraftic.

d) EHD-35. Theseare suitable for use on carriagewayin
commercial/industrial/portareas.
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The suffix on abovetype indicatesthe ultimatebreakingload in
Ml’ using300mmdia block,aspermethoddescribedin IS:l2592(Part 1).
The precasttnanholecoversaresuitablymarkedon the operativesurface
with the details like nameof the department,grade,dateof manufacture
tradename,seweror SWD. They shouldhaveedgeprotectionof covers
andlifting facility for properserviceability.

5.6. Gratings and Curb Inlets

‘rheseare devices‘meantto admitthesurfacerun off to the drain
andform a very importantpartof thesystem. Their locationsanddesign
should, therefore,begivencarefulconsideration,

Storm water inlets may be categoriesunderthreemajor groups
vii., curb inlets., gutter inlets andcombination inlets, eachbeing either
pressedor flush dependingupon their elevationwith referenceto the
pavementsurface.

Curb Inlets

Curb inletsareverticalopeningsin theroadcurbsthroughwhich
the stormwater flows and is preferredwhereheavytraffic is anticipated.
They arc termedas deflectorinletswhenequippedwith diagonalncttches
cast into thedraininlet alongthe curbopeningto form a seriesof ridgesor
deflectors.This typeofdraininlet doesnot interferewith theflow of traffic
as the top level of thesedeflectorslie in the planeof thepavement.

Gutter Inlets

‘Theseconsistof horizontalopeningsin thedrain whichiscovered
by one. or moregratingsthroughw’hich theflow passes.Missinggratings
in this type of arrangementmay causeaccidentsparticularly for two
wheelersandlight vehicles,

Combination Inlets

In somelocations,dueto vertical orhorizontalspacerestrictions,
combinationof thetwo may be adoptedto actas asingleunit,

Fig. 5.1 showsschematicanangementof theabovekind of inlets.
I~g,5.2 showstypical detailof a RCC grating (gutterinlet type) ‘whereas
Fig. 5.3 showsthe photographof suchgratingsmadeof fibre reinfoiced
concrete.}:iig,5,4 showstypical exampleof curbinlet, gutterinlet andthe
combinedinlet for typical situationsandshouldnotbe takenas standard
dimensionbr all locations. The actual structureof an inlet is madeof
brickwork or concrete. Earlier practiceis to providecast iron gratings
conformingto IS:961. In coastalareas,wherethereis corrosionprobability
thesearegalvanised. Presently,precast,fibre reinforcedgratingsare also
availablewhich is less proneto theft and hasrelatively less maintenance
requirement.
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The minimum spacing of inlets would dependupon various
conditionsof roadsurface,sizeand type of inlet andrainfall. At junctions
or nearthe valley curves,it may benecessarytoprovide them at very close
intervals.The maximumspacingsshould not exceed30 M.

5.7. Bell Mouth Inlet

In urban areas,wherefootpath ismadeand thelocationofthedrain
isadjacent to it, water inlet in many cases,is through a RCC pipe. This is
250mm dia NP classpipe. The spacing isdepending uponthe area to the
drained and the longitudinal slopeof the road. Schematicarrangement is
shown in Fig. 5.5.

6. DRAINAGE OF SPECIAL LOCATIONS

6.1. In urbansiluationsmanylocationsrequiredifferentandelaborate
arrangementfor theirdrainage.While in mostcases,it would be possible
todrain out thewaterusinggravity flow, in somelocationspumping may
benecessary.Someof the important locationscould be

a) Underpassesandsubways
b) Rotaries
c) Flyovers and bridges
d) Medians

6.2. Drainage Through Pumping

6.2.1. Pumping becomesessentialwhererainwater cannot flow into the
drainagesystemby gravity. Roadsbelowa Railway line or a flyover are
examplesof suchlocation wherethe road isrequired to bedepressedto get
minimum headroom. The water accumulating on the road is channelised
to a sumptankand then pumpedto thenearestdrain from where it canflow
under gravity. Adequatecapacity of thesump,pump and the reliability of
thepumping systemare essentialto avoiddisruption oftraffic through such
location. Pumping mayalsobe requiredat the tail end ofa drainagesystem
to dischargethe outflowaboveHFL or anysuchdesignatedlevel asbrought
out in para 5.3.

6.2.2. Availability of land, type of equipment and structureexternal
appearanceand aestheticsare some of basic considerationsin de~ignof
pumping stations. The pumping station shall be locatedand constructed in
sucha manner that it would notbe floodedat any time. Isolatedpumping
stationparticularlyunmannedshouldbe protectedagainstvandalism. In
someparts of the country,, particularly in arid westernregions, the water
contains high proportion of sulphates leached from the soil. In such
locations,sulphateresistantcementshouldbe used. Provisionshould be
made to facilitate easyremoval ofpumpsand motors for periodical repairs
and maintenance.
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6.2.3. While decidingthecapacityof the sumpfutureincreasein flow
due to changein use of areashouldbe kept in mind. Usually, seriesof
pumpsare usedfor cateringto varying rateof flow in suchamannerthat
the total capacityof all the installedpumpsis sufficient to caterto peak
flow. Thesizeof sumpshouldbekeptsuchthatwith combinationof inflow
andpumping, the cycle of operationfor any pump is not less than five
minutes. It maybe rememberedthatthecapacityof the sumpis reckoned
betweenthe level at which air affectsthe suctionline of minimum duty
pumpandthe invert level of incomingpipes. It isnow commonto provide
pumpswith automaticcontrolso that,dependingupon the inflow (or the
level in thesump)requiredcapacitypumpstartautomaticallywhentherate
of inflow decreasesthe pump stopautomatically. In some casesas an
alternative,pump with variable speeddrives with automaticcontrol are
usedto matchpumpingrateexactlywith inflow rates.Someotherimportant
considerationsarelisted below.

I) Powerrequirementis availablefrom two feeders.

ii) Dia of bell mouth (d) shall be 1.5 to 2 timesthe dia of suction
pipe. A minimumsideclearanceandbottomclearanceabovethe
floor of the sumpshallbekept whichshouldnotbe lessthand.

iii) Distancebetweentwo suctionpipeswithin thesamesumpshould
be far apartandshouldnotbeclosethantwo timesthediameter
of suctionpipe.

iv) Theflow intothe sumpshouldreachthepumpsuctionin uniform
mannerandwith aflow velocity. Suggestedvelocity is 0.7 m per
sec.

v) Only Cl, pipesshouldbeusedfor pumpingmain. Theminimum
andmaximumvelocity shouldbekept0.8 rn/sec.and 1.2 rn/sec.
respectively.

6.2.4. Maintenanceof pumps

The pumps shall be checkedand thoroughly serviced before
monsoon. The defectiveandworn out partsshall be replaced. It is yery
necessaryto checkthefoot valuefor properfunctioning. In casewateris
availablethesumppumpshall begivenatrial run on loadotherwisepump
shall berun andno load current checked.Similar exerciseshallbe done
for standbye dieselgeneratoranddiesel pumps.Stockingof diesel and
arrangementfor filling into the dieselpumpor thegeneratorshall alsobe
tested.Thejoints of suctionpipeanddischargepipesshallalsobechecked
for its properserviceability.
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6.3 Drainage,of Rotanes

In urban situations,many intersections,particularly low traffic
volumeintersectionsareprovidedin theformof arotary. In suchlocations,
due to superelevatiorirequirement,waterfrom a largeareaflows towards
the centreof the rotary. It is veryessentialtocollect this wateranddrain it
outto themaindrainagesystem.A typicalschematicarrangementhasbeen
shown in Fig. 6.1. Thedimensionof thedrain shouldmatchthequantity
of waterit isrequiredtodrainoff thoughminimumwidth shouldnotbeless
than 60 cm from easeof cleaningconsiderations.If the site conditions
permit, outlet canbemorethan one. This would reducethe depthof the
circular drain.

6.4. Drainageat Intersections

In many megacities, 6-lanedivided carriagewayis a common
feature.Thisresultsin largeareato bedrainedoff. Any stagnationof water
at intersectionswould reducethe capacityof the junction resultirtg in
queuingup of traffic. Manytimes,pondedwateraffectslow heightvehicles
andany stalledvehicleat an intersectionduringheavydownpourcreates
unmanageabletraffic jams. As suchdrainageat the intersectionshouldbe
well planned. Preferably,the level of junctionsshouldbe slightly higher
thanthe roadsmeetingit so thatwatercanreachthe main drainagesystem
which is alongthe roads. in somelocations,pipeddrainwith gratingin the
intersectionareahas beenattemptedbut suchdrain usuallygetschoaked
dueto sweepingsfrom theroadduringdry season.In suchlocations,if the
junction is kepthigher, it ispossibletodrainoff thewaterthroughchannels
in the traffic island. One schematicarrangementis shown in Fig. 6.2.
Dependingupon the topographyand the geometryof the intersection
alternatearrangementshouldbe workedout for importantintersections.

6.5. Drainage at SuperelevatlonPortion

Thisaspecthasbeencoveredunderpara3.2. Fig. 3.2 (c) refers.

6.6. Drainageof Flyovers and Bridges

In easeof bridgesacrossariver, the rain watercandischargeinto
the river bed throughdrainagespoutsas per IRC Standards, In caseof
flyovers,thewaterflowing ontotheelevatedcarriagewayis requiredto be
disposedoff in sucha mannerthat it doesnotcreateproblemfor thetraffic
on the lower level and the entire rain water is drainedultimately to the
drainagesystemof thearea. Theareaof the flyover, whichis aboveroad
below, is drainedthroughdowntakepipeswhich dischargeinto amanhole
connectedwith the drainagesystem. In such locationscaremustbetaken
that the pipesare takendown in sucha way that they are aesthetically
pleasing. Schematicarrangementis shown in Fig.6.3. Some typical
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sketches are added to understandthedetailing requiredin suchcases.
Fig. 6.4showsthedetailsin theapproachesto a bridge. Fig. 6.5 givesthe
detailsof a catchbasinalongwithdetail of gutterinlet asthedrainis below
the kerbchannel. Thelongitudinal draindischargesthroughRCC pipe at
designedintervals. Fig. 6.6 gives details of drainagegrating and the
downtakepipefrom thedeckofthebridge. Fig.6.4to 6.6areforaspecific
project and the dimensionand spacingsare asper requirementof this
particularbridgein Delhiandshouldnotbetreatedasstandarddimension
for all bridge/flyovers.

~ ~ STO~

~A~cI~G N~7 SC4L~

SECTION AT A-A

Fig. 6.1. Typical drainagedetail at a round about

P LAN
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6.7 Drainageat the Footof Flyover

Thelongitudinalslopeoframpof a flyoveris usuallybetween2.5
to 3 percentwhereasthecrossslope (in straightreaches)is between1.7 to
2 per cent. As such, there is a tendencyfor the rain water to flow in
longitudinaldirectionratherthan in crossdirectionresulting in very large
quantityof waterreachingthe valley curveareawhereit meetsthe ground
level road. The siz.e and the spacingof inlet pipe or the gratingin such
locations should be selectedcarefully to avoidpondageof water in such
locations. It is considereda good practiceto providea setof 2 to 3 inlets
at closespacingneà.rthevalley curve for efficient and effectivedrainage
ratherthan dependupon only one inlet.

7. MAINTENANCE OF DRAINS

7.1. The capital cost involved in constructionof drainsfornm a small
componentof Ihetotalexpenditureinvolved inprovidingthe infrastructure
in the l:hnn of carriageway,footpath,medians,streetlight andotherstreet
furniture. I...ike any othercapitalasset,stormwater drainagesystemalso
needsconstantmaintenance,if the investmentis to servethe purposeit is
meantfor, Theneedfora goodstormwaterdrainageorabsenceof it is felt
by many only duringcertaindaysof theyear. However, theadverseeffect
of weakenedordamagedroadcrustdueto pondingof waterandsaturation
of subgradecontinues for a fairly long period and has to be clearly
understoodby the engineer-in-chargeof maintenance.

7.2.. Thedrainagesystemisatits bestwhenit is maintainedasproperly
as designed.Forthis purposeit is necessarythatthe drainskeeptheir shape
and slope in the designedmannerduring their life time, it is alsonecessary
to ensurethat the drainsretaintheir full crosssection,particularly for the
monsoon.Thesysleniof maintenancecanbeclassifiedinto followingthree
categories.

a) Continuousregularmaintenance
h) Periodicalmaintenance
c) Specialmaintenance/Repairsfor i rnprovement.

The extentof theserepairsdependuponsizeof thedrain, location
of the drain,natureof habitationnearbyandcrossdrainagestructures.The
difficulty in maintenanceis also caused by a lesserdegreeof
consciousness/civicsense.Malba,garbage,solid wasteand roadcleanings
enterthedrainresultingin silting andsolid crustationof extraneousmaterial
making the maintenancedifficult andpoorefficiency of drains. A. broad
checklist is given in AppendirA-3,which by no meansis exhaustivc.
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7.1 P..eriodicalinspectionandmaintenanceof drainsisvery necessary
asfailure of drainsmayoccurmoredueto deficiencyinmaintenancerather
than defectin design. Theprincipal activities maybe

a) Desilting
b) Cleaningof weeds
c) Cleaningof obstruction,debrisandblockage
d) Repairingof lining immediatelyat thecommencementof daniage

ordeterioration

7.4. Continuousaction and attentionto detail are importantaspects
pertaining to maintenanceprograme.es. it is very essentialthat
maintenanceunit h.ave all the drawingsof existing drains showing all
technical details on ground. i.e drain shouldbe identified by suitable
numberingwith properchainage.It shouldbetheendeavourto ensurethat
worksare maintainedas per detailsshown in the inventory preparedjust
aftercompletionof’the drainagescheme,

7.5. i’he cleaningroutine shouldindicateclearly thework to hedone,
the frequencyfor that work, theequipmentand labourtobe usedandmost
iniportantany safetymeasureand equipmentrequired. The cleaningis
requiredfor all theelementsnamely,thekerhchannel,bell mouth,thepipe,
grit chamber/inspectionchamberand the drain, Though, it is not
practicableto assignindividual frequenciesfor eachelementas a routine
br eacharea,it shouldbe suchto ensurethat variouselementsarecleaned
before the drain gets blocked. For different localities..,it may haveto he
basedon local experience.

7.6, It is a common practice that all drainsare desiltedthoroughly
before onset of monsoon. All kutcha side drains requiredressingand
deepeningbeforemonsoon. it is alsoessentialthat all thedrainsare in a
state.of repair and the worksof regrading,reshapingor profile correction,
whereverrequiredis completedwell beforethe onsetof monsoon, In case
of pipedrains,if it is notpossibletodesiltit manually,suitablemechanical
devices,asdescribedin 7.10shallbe employed.Successof suchoperation
canhe ensuredonly throughproper inspectionby all field officers rather
than leaving it only to maintenancegangs. Outfall structuresand thecross
drainagestructuresalsorequiresimilar treatment.

7.7. During the rainsalso,a watchshouldbe keptatthe exit andentry
point fhr water for the presenceof undesirablecollection of rubbish,
polythene/paperbagsblocking the passageof water and in everyway
ensuring free unobstructedflow of rain water. The condition of road
camberalso needsto be watched. During rains, specially after heavy
showers,all crossdrainagestructureshouldbe inspectedto observeany
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blockagedueto debris,log of woodandothersuchmaterials. A watchon
the deficienciesin the drainagesystem should be kept and problem
locations identified and a record kept. Necessarycorrectivemeasures
shouldbe adoptedimmediatelyafter rains. A watchon missingmanhole
coversandbrokencoversis alsorequiredtohekeptandreplacenient/repairs
carriedouton priority to avoidaccidents.

7,8. Someof thecommondeficienciesencounteredin roaddrainsand
suggestedremedyis asunder:

‘t)etIciency Cause Remedy

i) Ponding

ii) Silting,

iii) Blockage
due todebris
vegetation
etc.

iv) Erosionof’
bedandcross
section.

Inadequatecross-
section,formation
of depressionor
settlementin bed,
bederosion,

invertslopeinadequate,
excesssoil entry into the
system,less low compared
todesignsection

Unevendrainbed,
absenceof maint-
ainance,cleaning.

Steepinvert
slope,caving in of
sidesbecauseof
lack of lateral
support.

Deepeningthedrain,
re-tilling eroded
ordepressedarea.

Improvementin slopeif
possible.Checkentrypoints
for silt rubbishetc.
Measurestoconcentrate
flow to leanseason.
Provision ofjali atentry
points.

Desiltingand cleaning.
Provisionofjali atentry
points.

Provideflatter
slopewithdrops,if
needed., Adequate
sidesupport,re-alignr.ent,
if required.

7.9. Maintenanceof Subsoil Drainage

Subsoildrainageusesporouspipes,lateraland vertical layersof
granularmaterial andman madefabrics and membrane.Such drainage
techniquesare largely built in featuresof the design, and do not lend
themselvestoroutine maintenance.Theirpresenceandthe intendedmode
of operatio.nmustbit known and understoodby themaintenanceF...ngineer.
Many of thesesystemstend to clog over a periodof time andmay need
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replacement.In such cases,obvious surfacesigns, suchas flooding, or
instability of pavementsmaybethe first warningof the systemfailure, The
mostcriticalaspectof subsoildrainageis theprovisionof detailed“asbuilt”
informationto the maintenancepersonnelto reducetherisk of inadvertent
disruptionof theintendedoperationduringsubsequentmaintenanceworks,

For the purposeof easyidentification it would he necessarythat
localionof variousinlets,outlets, intermediatepits alongthedrainagelines
aremarke.dusingpegson theground. Samenumberingshouldbeavailable
on the peg,sand the drawings, Following guidelinesmay be followed for
maintainingthe expectedperformancelevel of subsurfacedrains’.

a) Thedrainagesystemshouldbe inspectedat leasttwice a yearout
of which at leastone shouldbe immediatelyafter heavyrains.
‘The quality and quantity of outflow should be observed and
recorded, It is to he notedthat pavementdrainsdischargewaler
after rainsonly whereasdrainsinstalled to lower subsoil waler
tableor interceptundergroundseepagecouldcarrywaterevenin
dry season.Muddy watercouldindicatenonfunctional filter and
no flow couldindicateablockeddrain,

h) Inlets should he inspectedfor signs of structural damage.
vandalismandblockageandcon’ectiveactiontaken.

c) Outlets should be inspectedfor scour, structuraldamageand
blockage. The routine maintenanceconsists of removal of
siltation,removalof grassandrepairof any minorscour.

di A checkshould be madeto ensurethat surfacerunoff doesnot
enterthesubsoildrainagesystem.

e.i A check should be made to ensurethat marker pegs are not
missingandarevisible.

U Pit coversand framesshould he replacedif damagedand pits

relocatedif damagedfrequently.

TIll. Storm Wafer Drain Cleaning Equipmentand Devices

Covereddrainsandpipes,thoughsolveotherproblemsdonotlend
themselvesto cleaningeasily as their size is small, Many a times, the
cleaning is done only at the location of manholesor inspectionchamhers
or nearthelocationof removableslabs,This doesnotgive satisfactorylevel
o.fservice asthepipesor themain channelremainsblockedandfull design
crosssectionis not available, As suchit is necessarythat properattention
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is paid to this’ aspectand availablecleaningequipmentsanddevicesare
used.In somecasesit maybenecessarytoadoptthecommonlyusedsewer
cleaningdevicesfor this purpose.

Covereddrainsand pipes carrying stormwater can be cleaned
using lollowing equipmentand devices, Whencleaningafter a dry spell,
it would be necessarythat wateris let into the manholesfor thedeposited
silt to getsoftenedfor is removalby mechanicaldevices.

1) Portable pump set

In caseswherethe drainsare blockedcompletelyandwater has
accumulatedin the manhole/roadside,thecollectedwaterhastohepumped
out to tacklethe blockage. Suchpumps,shouldpreferablybenon clogging
type on four wheeltrailersand shouldhe of self priming type to savetime
and effort,

ii Sectional sewer rods

Theserods(Fig. 7.l)areusedforcleaningsmall lines, Theserods
maybe of b.ambooor teakwoodor light metal usuallyabout I M long. The
endshavecouplingarrangementwhich remainintact in the line but can
easily be disjointedin themanhole.Sectionsof the rods arepusheddown
the line until the obstruction is reachedand dislodged. The front or, the
advancingendof therod is normally fitted with a cutting edgeto cut and
dislodgetheobstruction,

Fig. 7.1. Jointed sewer rods

iii) Flexible sewer rods

The flexible rod used in manual cleaningis usually madeby
sand-witchinga manila rope betweenbamboostrips and tying at short
intervals.i’he flexible rod is introducedfirst ‘from onemanholetothe other,
its endbeingconnectedto a thickerropewhich, whendraggeddown the
line drawsoutdepositedmaterialinto thedownstreammanholefrom where
it canhe removedeasily,
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iv) Ferret used in conjunction with a water jet

This is usedfor breaking and removing thedepositedmaterial, It
usesa fire-hoseconnectionand producesasmall buthigh velocity stream
of water forward in the upstream direction from the central nozzle and
severallower velocity jets in thedown streamdirection. The forwardjet
loosenstheaccumulateddebrisaheadand therearjet washesit backdown
stream. This devicemustbeattachedto a fire-hoseof sufficientlength to
reachthenext manhole,Also, it mustbekept inmotion to preventsandlsilt
from locking the fire hose in the line. A suitable pump and water
arrangementthrougha watertankeris requiredto beusedalong with this
device.

v) Bucket machine

The bucketmachine(Fig. 7.2)consistsof two poweredwinches
with cables in between. The winchesare centred over two adjacent
manholes.The cable is threadedthroughthe line by usingflexible rods.
Thecablefrom thedrum of eachwinch isfastenedto thebarrelon eachend
of anexpansionbucketfitted with closingdevice,sothat thebucketcanhe
pulledineitherdirectionby themachineontheappropriateend.Thebucket
is pulled into thepipe line until theoperatorfeelsthat it is loadedwith silt,
Thismotoris then disengagedthrougha clutch systemandthe opposing
winch is put into action. When the oppositepull is started,the bucket
automaticallyclosesandthedepositedmaterialcomesout. This operation
ig repeatedtill theentire line isclear, Thismachineis alsousedalongwith
otherscrapinginstrumentsfor looseningthedepositedmaterialor cutting
rootsanddislodgingobstructions.

Fig. 7.2. Sewercleaning bucket machine
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vi) Rodding Machine with flaible rods

This consistsof amachinewhich rotatesaflexible rod to which a
cleaningtool suchas auger,cokscrew,sandcupsis attachedWig. 7.3 &
7.4). Theflexible rod consistsofaseriesof steelrodswith screwcouplings.
The flexible rod is guided into the manholethrough a bent pipe. The
machinerotatestherod with cleaningtool (Fig. 7.5) at!tachedto the other
end. The rotating rod is pulled in and out in quick successionso as to
dislodgeor loosentheobstructionwhentheobstructioniscleaned,the rod
is pulled out by meansof clamps.

Fig. 7.3. Roddingmachine with flexible ‘sewer rods

— — —
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Fig. 7.4. Power operatedsteel flexible rods

A B

C
D

F

A GOUGE FOR CUTTING OBSTRUCTONS
B SCOOP TO REMYVE SAND ANE’ LOOSE MATERIAL.

A FLAPGATE ON ‘THE ~ND IS DESIRABLE
C&F CLAW AND SEREW FOR REMY~1NG PAPER AND RAGS
D BRUSH FOR REMOVrNG G~EASE
E ROOT CUTTER
G SCRAPER

‘Fig~,7.5. Sewercleaning tools
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vii) Scraper

This method is used for pipesof dia largerthan 750 mm. The
scraperis an assemblyof woodenplanksof slightly smallersize then the
pipeto he cleaned. The scraperchain, which is attachedto the scraperis
connectedto a winch on thenextdownstreammanholeby meansof chain.
The winch is then operatedto pushthe debrisaheadof the scraper. The
headingup of flood behind the scraperwill alsoassistin pushingit in the
forwarddirection.

viii) hydraulically propelled rubber balls

The hall used is of soft rubber and is inflated to slightly less
diameterthan the pipe. A ropeis attachedto the ball andit is allowed, to
travel from amanholedownstreamin the pipe.Theball adjustsitself to the.
irregularities in the pipe,but the waterheld behind it escapesin a strong
streamhetweenthe ball andthe pipe thus flushingthe debris., Someof the
bails havespiraledribs which impart a rotarymotion to thewateron the
downstreamside. Othersareenclosedin alight chainnetworkor acanvas
cloth.

7.11 in caseof’blockage.of drain dueto settlement,thedrain sectionis
recluirccl to berepaireda’fter locatingthesettledportion.

8. SUB SURFACE DRAINAGE

8. I Subsurfacewater in thegranularlayers or in the subgradeof a
paverncnt in ay harm the roadin variousways.

ii 1”he presenceof water reducessuhgradçstrength. Thestrength
of granular bases/sub—basesare strain dependentansI poor
strength in suhgradeaffectsthe performanceof top granular
layersalso.

h Heavy wheel loadsmaycreatepulsatingwaterpressureresulting,
in internal erosionansi ejectionof materialsthroughcracksand
Hints. ‘i’his, coupledwith movementof subsoilwater, changes
the arrangementof fine to coarsematerialandaggregatesin the
structure.resulting in weakenedgranularbases,cement treated
hasesandstabilisedlayers.

Absorptionof waterin thetiller material,whichmaynot hefully
non-plastic,may seriously undermine the load support
characteristicsof thelayer.
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d) Freewaterin bituminouspavementsresults in strippingof the
binderleadingtofastercrackinganddeterioration,

8.2. Fordesignof subsurfacedrainagesystemthesourceandquantum
mustbedetermined,the ingressof watermaytakeplacefrom

a) Top i.e. surfaceinfilteration of rain water through pavedor

unpaved areas,

hi Lateraiseepagethroughshouldersandverges,and

c) Freewater from a highwater tableorcapillaryactionfrom a water
table,

8.3. In mosturbanareasthepercentageofbuilt uj surfaceareais rather
highand assuchsituationswith problemsof subsurfacewatermay not be
frequent unlessthe watertable is unusuallyhigh and thesubgradesoil is
poor from point of view of drainage.Physicalconditionof nearbyroads,
presenceof vegetationwhich usually occur in wet soils and the local
experiencehelps in. selecting areasfor detailed investigation. During
detailedinvestigationfollowing information is collected:

i) Rainfall datafor the areaandthedesignstorm, This aspecthas
alreadybeencoveredin Chapter-A.

ii) Assessmentof ground water conditions. This is achievedby
makingboreholes,trenchesand pits. Waterlevels andinflows
shouldbecarefully recordedatthe time of excavation,Pumping
toolscanheusedtoestablishthein~situpermeabilityof materials,
and the rate of recoupmentof ground water. For gathering
information on water table usingpiezo - meters, understanding
the locationofvariousstratathroughstudyofborelogisessential,
theseare requiredto be installedin the stratawhich influences
wafertable level, As such,theseshouldnever be installed at a
predetermineddepth but should he installed in the particular
strata,

iii) Assessmentof the soil properties, information in respectof soil
classification,Atterberg Limits and moisturecontentof soil at
subgradelevel andotherlevelsin areaswherewateris presentis
collected.

8.4. Drainageof SurfaceInfiltration

8.4.i. Roadsurfaces,medians,shouldersandrainfallon higheradjoining
areas are permeableand the precipitation invariably seepsdown,
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Collection of water in potholesandundulationsetc. also contributesto
seepagecracks in pavement,particularly due to ageing, defectsandjoints
alsopermit ingressof waterinto the roadstructure. Fordesignpurpose,the
quantityof waterwhich is requiredto hedrainedoff is dependentuponthe
intensity of rainfall and the coefficient of infiltration or the infiltration
factor. Commonlyadoptedrangesare

11 Earthenshoulders 0.4 to0.6
ii) Bituminouspavement 0.2 to0.4
iii) Concretepavements 0.3 to0.4

8.4,2. The best way of drainageof pavementcourse is to provideand
extendaspeciallydesignedsub-baselayeruptotheembankmentslopeface.
In urba.n situationsthis may not always be possible. In such a case,
provision of a sub-surfacedrain is made. The sub-baselayerand the
sub-surfacedrain should have sufficient capacity to carry the design
discharge.Flow throughsub-baselayer, which is consideredas saturated
laminarflow, is calculatedusingDarcy’sLaw andthe flow throughpipes
is calculatedusingManningsformulae.. TheDarc.y’s Law given

0 = KiA
where,

Q = dischargein m3/sec.
K = Coefficientof permeabilityin rn/sec.
= Hydraulic gradient

A = Crosssectionareain m2 perpendicularto the direction of flow

8.4,3. Sub-baseand baseshould have self draining provisions by
extendinggranulardrainagelayerfully overtheroadformationwidth. Ref.
Fig. 8,1. In addition, propercross fall to the drainagelayer should be
providedto guardagainstany sluggishflow. Roadsubgradeshouldalso
be provided with a crossfall app~~ropriateto the material with which it is
built sothat thereis no accumulationof wateron topof the subgradedue
to sluggishflow at that level. As a general rule, the lowerpavementlayer
should be more permeablethan the upper one. In case of existing
pavements,where such situation may become unavoidablefrom other
considerations,the pverlaidlayerhavinglargervoidsshouldhedrainedoff
laterallyto avoidinterfacialdrainageproblemsandprematurefailure of the
overlaidlayer. Typical arrangementof drainageof pavementis shownin
Fig. 8.2. Typical examplesto determinepermeability requirementof
drainagelayersandthequantityof flow are given in AppendixA-4.
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i-I300MM
MINIMIN

r

[c-i
SUB BASE AILEAST 10 TIMES MORE
PERMEABLE THAN BASE

IRC:SP:50- 1999

KEI~AND CHANNEL BEDDING

PROPER DRAINAGE

J—___IMPERh4EABLE SHOULDER

BASE
SUB BASE

FULL WIDTH PAVEMENT

SHOLJi..IMPERMEABLE

BASE
DRAINAGE LAYER

mAr NW. LA YFR ATLEAST 10 ITMES MORE PERMEABLE THAN SUB BASE

Fig. 8.2. Examplesof satisfactory pavementdrains
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8.5. Drainageof SubsurfaceWater

8.5.1, Darcy’sLaw is applicableforsubsurfaceflow of water. However,
in actualpracticeoneencounterssoil or rockformationswhich are highly
heterogenousand haveanisotropicpermeabilities. Fissures,joints, faults
andbeddingplanesin soils and rock structuresmay give quite different
propertiesand misleadingground water conditions. Applications of
theoretical models to complex natural situations can lead to errors in
estimation of quantity of flow andflow conditions,Forthesereasonsfield
observationsand measurementis the bestguide. Also, interpretationo’f
observationsshouldbe done by thosewho havegeotechnicalskills. In
somecases,it may bedesirableto arrive at thesolution throughtrial either
beforeor during early constructionphaseof a projectby measuringthe
flows and water table, The depth of drain is increasedor additional
provisionmadeat closerspacing. It may alsohe necessaryto havefield
or laboratory determination of permeability coefficients in the selectionof
pavement,shoulder,surfacing and drainagematerials. As a general guide
permeability rangesare given in Fig. 8.3. For a successfuldesign using
rangeof permeability for a given material,thehighestpermeabilityvalue
shouldbe usedwhefi the materialis to actas abarrierand the lowestvalue
usedwhen thematerialis beingusedto allow waterto passthrough.

Sometypical arrangementsindicating useof formation drains and
drainageblanketis shown in Fig. 8.4. The drainagecan be effecte~dby
installation of solid pipes with openjoints, perforatedpipesand the like
surroundedby free draining rnatereialor the filter. The filter materialis
requiredto preventfine soil particlesfrom flowing into thesystem,at the
sametime it shouldhaverequireddegreeof permeabilityfor drain off the
requiredquantityof water, Also,thefilter materialmustbemorepermeable
than the surroundingmaterialandstableunderflow situationsso as not to
flow into perforationsorjoints in drainagepipes.

8.6.. AggregateFilters

A properlydesignedandinstalledaggregatefilter shouldhe able
to retain soil and preventsoil particlemovement,thuseliminatingpiping
potential, Properly,designedaggregatefilters ensurethatthereare nolarge
voids within the filter and particularly at the soil filter interface of a
subsurfacedrainagestructure.A singlecomponentaggregatefilter maybe
usedto protectrelatively coarsesoils whereasdrainagethroughfine soils’
usually require a multi-layeredaggregatefilter. A multi-layeredfilter
consistsofa fineaggregategradationwhichretainsthenaturalsoil particles
at their original positions and a coarserfilter aggregatewhich prevents
particlesof the tine aggregatefilter from migratinginto theperforationso’f
a drainagepipe or granularwatertransportmedium. Fig. 8.5 shows,in a
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ornG~NAL WATU ~

DEEP FORMAT IO~ DRAINS TO LOWER A ~M~TER TABLE

DRMNAGE BLANKET
FROM RISING INTO

TO PREVENT WATER TABLI
PAVE M EN T LAYERS

DRAINAGE BLANKET COMBINED
WITH DEEP FORMATION DRAIN

Fig. 8.4. Techniquesfor lowering a water table
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AaGFCEGAIE FILTER

~“.‘,:.

ci) PROPERLY DESIGNED FILTER

b) FLOW OF SOIL PARTICLES IN IMPROPER FILTER

Fig. 8.5. Mechanismof flow through properly designed filter

schematicway, theeffectof a properlydesignedfilter and improperfilter.
MOST Specificationsfor Road and Bridge Works (Third Revision) gives
the grading requirement for filter material and alsothegradingrequirements
for aggregatedrainS, ThesearereproducedasTables 8.1 and 8.2for ready
reference. It must be rememberedthat if the aggregategradation is too
coarse,the gaps and voids at the soil aggregateinterface may be solarge
that the adjacentsoil particles will not bridge or be retained. However, if
the gradationis too fine, insufficient waterflow may resultin build-upof
hydrostatic pressure, Theoreticalgradation of filter material is alsopossible
based on empirical relationships betweenthe particle sizeof soil and the
filter usingfiltration aswell aspermeabilitycriterion.
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Table 8.1. Grading Requirements for Filter Material

SieveDesignation

Percentpassingby weight

Class! ClassH ClassIll

53mm
45mm
26.5mm
22.4mm
11.2mm
5.6 mm
2,8mm
1.4mm
710micron
355 micron
l80micron
90 micron

-

-

-

-

100
92-100
83-100

59-96
35-80
14-40
3-15
0-5

-
-

100
95-100
48-100
28-54
20-35
-

6-18
2-9
-

0-4

100
97-100
-

58-100
20-60
4-32
0-10
0-5
-

-

-

0-3

Note: 1. Whenthesoil aroundthetrenchisfine graine.d(fine silt or
clay or their mixture) then ClassI gradation, whencoarse
silt to medium sandor sandy soil then ClassII grading and
when gravelly sand then Class III grading should be
adopted.

2. The thicknessof backfill material around thepipe should
not be lessthan 150mm. Considering minimum diameter
of the pipe as 150 mm, width of the trench should not be
lessthan 450mm.

Table8.2. Grading Requirementsfor AggregateDrains

Sieve Size Percentpassingby weight

TypeA TypeS

63mm
37.5 mm
19mm
9.5 mm
3.35 mm
600 micron
150 micron
75 micron

-

100
-

45-100
25-80
8-45
0-10
0-5

100
85-100
0-20
0-5
-

-

-

-
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8.7. Fabric Filters

87,1. Filter fabrics or Geotextilesare generally manufacturedfrom
polyethyleneorpolypropyleneorsimitarfibres.eitherwovenor non-woven
in variety. Specificationof Geotextitehas beencovered in IRC
Specificationsfor Road & Bridge Works and hasnot beenrepeatedhere.
For subsoil drainagesystembio-degradablefabric filters arenot used as
their life spanis very short. Geotextileseliminatetheneedfor aggregate
litters. The fine poresizeandhighpermeabilityof thesefitters makeone
litter suitablefor protectinga broadrangeof soil gradations. Also, such
filters are availablewith varying poresizesandpermeabilitypropertiesso
as to meetthe needof nearlyalt subsurfacedraindesigns. Sometypical
exanipleof useof fabrics as filters is shown in Fig. 8.6.

Fig. 8.6. Uses of fabrics as filters

FEBRIC FIRST STAGE FiLTER AROUND
COARSE AGGREGATE DRAINAGE BLANKET
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8.7.2. Briefly, therearethreebasicrequirementson theelementsof filt~r

criteriafor drainagefabrics. Theseare:

a) Retention(of interfacesoil)Ability

It is specifiedby EQS < 3

Where, EQSis the equivalentopeningsizeand is definedas the sizeof
standardsievehaving openingclosestin size to the filter fabric
andis determinedby sievingglassbeadsthroughthe fabric.

D85 soil = nominaldiamterof soil particlesforwhich 85 percent
of thesoilgradationis finer - determinedby grainsizedistribution
analysis.

b) Permeability:Thepermeabilityof thefabric filter should
he substantiallygreaterthan that of theprotectedsoil. For
properflows:

K fabric > 10 K soi’

WhereK is the coefficientof permeability

c) CloggingResistance:The clogging behaviourof a geotextile
should be evaluated in a test that simulates actual use
conditions. Onesuchtestis tomakeup a slurryof the soil to be
ti Iteredand filter it througha sampleof thefabric, If the finest
particlespassthroughwithout cloggingthe fabric,andthe rateof
flow is satisfactory the fabric may be consideredto perform
adequatelyasa filter.

8.8. Subsoil Water DrainageSystem

Thep~rpo~eof thesubsoildrainageisto collectthewaterfrom its
sourceandultimatelydisposeoff to aplacewhereit cando no harmto the
road. It consistsofthe filter, thepipeinlets,intermediatepitsandtheoutlet.
Marker pegsare also installed to indicate their location. A scheinatic
diagramof thesystemis shownin Fig. 8.7.
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8.9. Use of Subsoil Drainage for Special Locations

In urbanareasutility servicesusuallyrun parallelto theroadand
in many cases,due to widening of roads they get burnedbelow the
pavementor the footpath.Dueto largetemperaturevariationsparticularly
when theseasonchangesandvibrations of themovingtraffic,someof the
joints of undergroundwatersupplypipemay leakleadingto subsoilwater
conditionsanddamageto road. In suchlocations,subsoilwaterdrainage
arrangementshouldhe madeto safeguardthe structuralsoundnessof the
road.
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Appendix - A-i
(Ref. Para4.7.l)

COMPUTATION OF INTENSITY OF RAINFALL FOR A
PARTICULAR STORM DURATION

Following stepsare to be followed:

a) Rainfall data for a particular city is available for 26 years. The
analysisof datagives thefrequencyof stormsof staiedintensity
anddurations which is givenin TableA. 1.1..

Table A.1.1.
[)uration No of stormsof stated intensity or morefor a period of 26 years mmIhr)
Ill

minUtes 30 35 4() 45 50 60 75 100 125

_I
5 l0O~ 40 18 10 2
It) 90 72[41 25 10 5 I
15 82 75 ~ 20 12 5 I

20 83 62 T’T1~ 31 10 9 4 2
30 73 ~ 22 ID 8 4
40 34 16 8 4 2 1

50 18 8 4 3 1
60 8 4 2 1
90 4 2

b) Thesteppedline indicatesthelocationofthe stormoccurringonce
in two years i.e. 13 timesin 26 years. Thetimeintensity values
for this frequency, i.e. once in two years are then obtianed by
interpolationandis asgivenin TableA. 1.2.:

TableA.i.2.
i )mmlhr) 30 35 40 45 50 60 75

t(min) 51,67 36.48 16.50 8.12

43.75 26.57 14.62

C) Any oneof the followingequationscanbeused:

a
i= (i)

t~
or

a
= ...,, (ii)

t+b
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Where,
= inten~ityof rainfall in mm/hr.
= duration of storm in minutes.

and a, b & n are constants which are dependentupon rainfall
characteristicsof a particular area-andwill not be samefor all
parts of’ the country. It is more convenientto obtain the value of
1’ for any particular time it~usinggraphical form. The equation
(i) givesa siraight line when plotted on a double log paper and
equation (ii) givesa straight line whenreciprocal of i is plotted
against ton aarithmetical graph paper.

In Fig. A-l.l, I/i hasbeen plotted against t for the particular
station and best fitting straight line obtained. Now, the value of
I/i can be readagainstgiven value oft. For example,using the
graph:

i fort = 20 minuteswill be59.7mm/hr

i fort = 10 minutes will be 52.6mm/hr

ci) Method is also illustrated for storm frequency of one year using
equation(i).

Time intensity values for one yearfrequencyas obtained from
Table A.l.l., suitably interpolated asgivenin Table A.l.3,

Table A.I.3.

i(mmlhr) 30 35 40 45 50 60

t(min) 44 36 28,5 22.5 13.5 9.75

The bestfit plot isgivenin Fig.4.5from whichfor anyvalueof i
can be read for a givent using this figure,

fort = 20 minutes, i = 44 mm/hr. and,

fort=l0minutes, i=56mm/hr.
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Appendix A-2
(Ref. 5.3)

IMPROVING STORM WATER DRAINAGE IN BUILT UP
AREAS USING VERTICAL DRAINS

The method is designedto dispose the storm water into the
permeablestratabelowthe groundlevel in built up areawherethereis no
side drainfunctioning. A brief descriptionof the proposalis given below.

A verticalbore-holeof adequatediameterismade,thebottom of
which is takento atleast50 cm into the permeablelayer. Thebore-holeis
then filled with brick hatsorstoneaggregates.To preventclogging of the
verticaldrains it is wrappedwith non-wovengeofabricor HDPF woven
gofabricwithout lamination.Thetopportionof theverticaldrainiscovered
with filter material for a depthof 15 cm. The number and spacing and
diamaterof thedreamsdependupon

i) The permeability of the strata at which the wateris finally to be

disposed,

ii) The rainfall of the area,

iii) Extent of area to be covered.

The vertical drain proposed may be constructed in conjunci ion
with the horizontal drain to increasetherate of disposal. The vertical drain

porlion may also he modified by introducing a perforated PVC pipe
wrappedwith geotextileinsidethe bore-holeinsteadof filling it with brick
bats. The above method has been tried in some parts of Tamil Nadu and
foundto perform satisfactory in sandy subsoil. The schematicarrangement
br thesystemis shown in Fig.A-2.l.
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Fig. A-2,I. X-section of vertical drain
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Appendix A-3

Checklist (Reg.7.2)-

Broad Checklistfor Maintenance of Drains

Pavementcrownor crossslopeis maintainedin designprofileconducive
to quickdrainage.

2. Roadshouldersareclearanddressedfor efficientclearofi

3. 1,1’ thereis aneedfor newsidedrainchutesin high embankment,

4. If thekerbchannelis cleanandslopestowardstheinlet.

5, If thekerbipletslbell mouthsareclear.

6. Thedrain is desiltedbeforerainy seasons,all manholesandgrit chambers
arecleaned.

7. Inspectafterheavy rains to knowthedeficienciesin the system. Report
unsatisfactoryperformanceandalsofrequentrepairrequirements.

8. Inspectin OctiNov.andlist defectsfor summermaintenance.

9. Gratings/metalliccoversshouldbecheckedfor repairor replacement.
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Appendix A-4

Refer Para 8.4.3

Typical Exarnp]esof Subsoildrainage

To determinepermeabilityrequirementof drainagelayerto disposeoff
infilterationwater.

Given: Thedesignrainfall intensityof a city is 5 cm/hr. Thepavement
camberis 3 percentandthe longitudinalgradient is 4 percent,coefficient
of intilteration is 0.3. It is proposedtoutilise a permeablelayer 250mm
thick to carry this water to subsoil drainage trench on the low sideof the
pavement.

Quantityofwaterenteringttep~vementpermetrelengthof carriageway
= 0.O5xlxlxO.3= 1.5 x l0-~’m~/hour.

Thecamberof 3 per centand longitudinal gradient of 4 percentgivesa
resultantslopeof 5 per centatan angleof about37°to thecentreline.
Thewidth if longitudinal I m widepavementalongthelineof maximum
slopeis therefore0.6 m.

Darcy’sequationcanbewrittenas:

Q l,5xl02
K= — = — =2mlhr

iA 0,05x 0.25 x 0.6

Or, requiredK = 5.55 x I0~rn/sec.

2 Todeterminequantityof waterinterceptedby aformationdrainprovided

acrossawaterchargedpermeablelayer.

Given:Thicknessofpermeablelayeris 2.0 m andis ona 15 percentslope.
Th~permeablestratais silty sandhavingmaximumpermeabilityof 1.8 x
l0~m/sec,

orQ =I.8xl05x0.l5x2

= 6.4 x l06m3/sec.perm length of thedrain

Thus,the formationdrainandthe pipe shouldbeof sufficientcapacityto
cater for this dischargeandanyparticular sectionof the drain should be
designedfor cumulative dischargeupto that point.
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